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U Students will display a sense of curiosity and wonder about the natural world and

demonstrate an increasing awareness that this has lead to new developments in science
and technology. They will learn from books and other sources of information and
reconstruct previously learned knowledge.

Students will describe and explain common properties, forms, and interactions between
matter and energy; their transformations and applications in biological, chemical and
physical systems.

Students will demonstrate an understanding of the impact of science and technology on
society and use science and technology to identify problems and creatively address them
in their personal, social and professional lives. They will explain how scientists decide
what constitutes scientific knowledge; how science is related to other ways of knowing;
and how people have contributed to and influenced developments in science.

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Page2




Chapter # 1 Stoichiometry
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CHAPTER 1
ASTOI CHI OMETRYO

STOICHIOMETRY

INTRO DUCTION:
Major concepts:
1 Mole & Avogadro number calculations
9 Percentage & composition of Empirical & molecular formula
9 Stoichiometry
1 Significant figures

Conceptuallinkage

This unit is built on,
I Atomic mass unit
1 Mole concept
I Relative atomic mass & relative molecular mass
 Chemical calculations
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Learning outcomes

Students will be able to Analyzing| Applying| Understanding

1 Construct mole ratios from balanceduations "H
for use as conversion factors in stoichiomet .
problems.

1 Identify the limiting reagent in a reaction "H

1 Calculatethe maximum amount of product(s "H
produced and the amount of any unreacted .
excess reagent.

1 Calculatetheoretical yieldactual yield, "H
percentage yield. .

{1 Calculate the theoretical yield and the perce "H
yield when given the balanced equation, the .
amounts of reactants and the actual yield.

1 Determination of amount of reactant or "H
product. .

SKILLS Analyzing| Applying | Understanding

1 Use the volumg22.4L) of one mole of a gas "H
at STP to work moleolume problems. .

71 Calculate the gram molecular mass of a gas "H
from density measurements of gases at STH .

{1 Use the mole to convert among measureme "H
of mass, volume and numberpaArticles. .

1 Fine out the limiting reactant in a chemical "H
reaction and do the related calculations. .

1 Perform calculations based on moles, mass, "H
volume and number of patrticles. .

SOCIETY TECHNOLOGY AND SCIENCE
Students will be able to
U Understand that chemistry is quantitative science
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Related video

One mole of a substance is the amount of the
substance which contain 6.022 X107 particles

Mole Mole calculation limiting reactant

Reactants Product
magnesium chlorine magnesium chioride

Hae —> 2 NH. Mg + Ch —» MgCh
‘%‘5”" ﬁ\':ﬁiy; ‘ 1mole 1 mole 1 mole
¥y ji‘q g

videodnewistr

Y s -
iy gojencetutorialdu

Balance chemical equatidh How to find emprical formula

1 . (New)

CHAPTER OVERVIEW

(THEORITICAL)
Mole

In chemistry a standard scientific unit for measuring large quantities of very small entities such
asatoms moleculesor other specified particles.

Avogadrod6s number
The number of atoms present in 12 g of carb@nwhich is6.022x10 and the number of elementary entities
(atoms or molecules) comprising one mole of a given substance.

Empirical formula
That formula which shows the simplest ratio of an atom in a molecule or compound.
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https://www.britannica.com/science/chemistry
https://www.britannica.com/science/atom
https://www.britannica.com/science/molecule
https://www.youtube.com/watch?v=4q2elWPfB6A
https://www.youtube.com/watch?v=z5yLuTcdwMo
https://www.youtube.com/watch?v=6MHSBs-ed2I
https://www.youtube.com/watch?v=nZOVR8EMwRU
https://www.youtube.com/watch?v=MuzOmFhiE8o
https://www.youtube.com/watch?v=yA3TZJ2em6g
https://www.youtube.com/watch?v=eNsVaUCzvLA
https://www.youtube.com/watch?v=lPLTLkn3dNU

Molecular formula

That formula which shows ¢hactual number of an atom in a molecule or compound.

Stoichiometry

Stoichiometryis the study of the quantitative relationships or ratios between two or more substances under
a physical change @hemicalchange ¢hemicalreaction).

Atomic mass
Atomic mass is defined as the average mass of an element.

Molecular mass
Molecular masgs a number equal to the sum of the atomasse®f the atoms in anolecule

Chemical Reaction.

A process in which one or more substances, the reactanteraerted to one or more different substances, th¢

products.

(NUMERICAL)
1. Calculation of formula mass or molecular mass.

Chloroform molecule, CHCI;

Element | Quantity Avr:elraaégse(:rtrc::;ic S:'at:‘t::‘t)al
c 1 X 12.01 = 12.01

H 1 X 1.008 = 1.008
Cl 3 X 35.45 =| 106.35
Molecular mass| 119.37

Aspirin molecule, CHgO4

. Average atomic Subtotal
Element | Quantity mass (amu) (amu)
c 9 X 12.01 = | 108.09
H 8 X 1.008 = 8.064
o 4 X 16.00 = 64.00
. b
Molecular mass| 180.15

Exercise practice:

Calculate the molecular or formula mass of eadhefollowing:
(a) R

(b) H:O
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(c) Ca(NQ):
(d) CHCO:H (acetic acid)
(e) G2H2011 (sucrose, cane sugar).

References pages / sites.
https://opentextbc.ca/chemistry/chapter/3l-formulamassand-the-mole-concept/

2. Mole to mass calculation.

Mole-Mass Equation
mass = numbesf moles x molar mass
Example:
Calculate the mass 8fmoles of carbon dioxide gaSQ».
(Relative atomic mass: C =12; O = 16)
Solution:
mass of 1 mole of CO
=(1x12) + (2 x16)
=449

mass of 3 moles of GO
=3x44
= 1329 Answer

3. Mass to molecalculation

ASS
number of moles =

molar mass

Example:

Calculate the number of moles of magnesium oxide, MgO in 80 g of the compound.
(Relative atomic mass: O = 16, Mg = 24)

Solution:

Mass of 1 mole of MgO

=(1x24)+(1x16)

=40¢g

mass
number of meoles =

tmolar masgs

&l

= — =" moles

References pages / sites.
https://www.onlinemathlearning.com/molecalculation.html

Exercise practice:
9 Calculate the mass of 3.5 moles of® (Relative mass of H=1 & O = 16)
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https://opentextbc.ca/chemistry/chapter/3-1-formula-mass-and-the-mole-concept/
https://www.onlinemathlearning.com/mole-calculation.html

9 Calculate the no of moles calcium oxide,CaO in 24g of the compound.(Relative mass of Ca =40 &
16)

4. Calculationof Empirical & Molecular formula.

Example :
Caffeine has the following percecwmposition: carbon 49.48%, hydrogen 5.19%, oxygen 16.48% a
nitrogen 28.85%. Its molecular weight is 194.19 g/mol. What is its molecular formula?

Solution: (1) calculate the empirical formula, (2) compare "EFW" to molecular weight, (
multiply empiricalformulaby properscaling factor.

1) Calculate the empirical formula:

carbon: 49.98 g + 12.011 g/mol = 4.16
hydrogen: 5.19 g + 1.008 g/mol =5.15
nitrogen: 28.85 g + 14.007 g/mol = 2.06
oxygen: 16.48 g + 15.999 g/mol = 1.03

Carbon4.16 +1.03=4.04=4
hydrogen: 5.15+1.03 =5
nitrogen: 2.06 + 1.03 =2
oxygen: 1.03+1.03=1

2) Empirical formula is @HsN20. The "empirical formula weight" is about 97.1, which
gives a scaling factor of two.

3) The molecular formula is:
C4HsN20 times 2 = GH10N4O2 <--- that's the molecular formula

Reference pages/sites
https://www.chemteam.info/Mole/EmpiricalMolecFormulas.html

5. Calculation of limiting reactant.

Problem #1:For thecombustion of sucrose:
G2H22011 + 12Q ---> 12CQR+ 11HO
Thereare 10.0 g of sucrose and 10.0 g of oxygen reacting. Which is the limiting reagent?

Solution path #1:

1) Calculate moles of sucrose:

10.0 g/ 342.2948 ghole=0.0292146 mol

2) Calculate meis of oxygen required to react with moles of sucrose:
From the coefficients, we see that 12 moles of oxygen are require for every one mole of sucrose. Therefor
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https://www.chemteam.info/Mole/Empirical-MolecFormulas.html

0.0292146 mol times 12 = 0.3505752 mole of oxygen required

3) Determine limiting reagent:

Oxyegn on hand 10.0 g/31.9988 g/mol = 0.3125 mol

Since the oxygen required is greater than that on hand, it will run out before the su€gggen is the
limiting reagent

Student s Assessment
1 How many carbon atoms are present in 0.5 molexalic acid (GH204)?
1 0.52169 of a solid mixture containing # is dissolved in water and treated with an excess
of BaCb, resulting in the precipitation of 0.6168g of BaS@What percentage of the mixture

was BaSg?

Why do we need Mole concept?

WhyisAvogadrobés number called a mol e?
What is the use of the mole concept?

What does Avogadrobés | aw state?

How many moles are in a mole?

What is the limiting reagent?

What is the difference between limiting reactant and limiting reagent?

Why is the limiting reatant important?

Are limiting reactants present in all reactions?

What is the benefit of having a limiting reagent?

How many moles are in a mole?

The molar mass of acetic acid as determined with a mass spectrometer is about 60g/mol.
that information along with the simplest formula, determine the molecular formula of acetic
acid.

=4 =2 =2-0_9_9_9_95_95_2°_-°9._-2-

Reference pages/sites
https://www.chemteam.info/Stoichiometry/LimitindReagemProb210.html
https://byjus.com/chemistry/moleconceptmolar-massand-percentagecomposition/

Practical # 01
1 Determine the amount of ions in different salt solutions by gravimetrically.
1 Determine the sugar level in blood sample by gravimetrically
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https://www.chemteam.info/Stoichiometry/Limiting-Reagent-Prob1-10.html
https://byjus.com/chemistry/mole-concept-molar-mass-and-percentage-composition/

(Related videos link3
Mole : https://youtu.be/4qg2elWP{fB6A
https://youtu.be/z5yLuTcdwMo
limiting reactant :
https://youtu.be/6MHSBsed?2|
https://www.youtube.com/watch?v=nZOVR8EMwRU
https://www.youtube.com/watch?v=MuzOmFhiE80

Stoichiometry
https://www.youtube.com/watch?v=S6UOX7ZdkTg&list=PLaWEo7fLMF9b-imkPoVf3if -[7IrSImpH
https://www.youtube.com/watch?v=eNsVaUCzvLA
https://www.youtube.com/watch?v=yA3TZJ2em6g

Molecular &Empirical Formula

https://www.youtube.com/watch?v=IPLTLkn3dNU

p— XoemeeX
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https://youtu.be/4q2elWPfB6A
https://youtu.be/z5yLuTcdwMo
https://youtu.be/6MHSBs-ed2I
https://www.youtube.com/watch?v=nZOVR8EMwRU
https://www.youtube.com/watch?v=MuzOmFhiE8o
https://www.youtube.com/watch?v=S6UQX7ZdkTg&list=PLaWEo7fLMF9b-imkPoVf3if-l7lrSlmpH
https://www.youtube.com/watch?v=eNsVaUCzvLA
https://www.youtube.com/watch?v=yA3TZJ2em6g
https://www.youtube.com/watch?v=lPLTLkn3dNU

CHAPTER 2
nAtomic Structure O

" ) Neutrons
<=

‘ Electrons

INTRO DUCTION:
Major concepts:

Fundamental particles

Discharge tubexperiment

Application of Bohrés atomic model
Pl ankés quantum t heory

X-Ray

Quantum numbers & Orbitals.

Electronic configuration

Daltonds atomic theory
Hydrogen spectrum series

= =2 =4 -8 _8_9_9_°5_--°

Conceptual linkage
This unit is built on,
T Rut herfordbs Atomic Model .
M Bohrdés atomic model
i Isotopes
1 Concept ofS& P sub shell
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1 Radioactivity

LEARNING OUTCOMES

L

Students will be able to Remembering| Applying Understanding
1 Explain the sequence of filling of "H
electrons irmany electron atoms. .
1 Write electron configuration of "H
atoms.

1 Describe the orbitals of hydrogen
atom in order of increasing energy.

"

1 Use the Aufbadrrinciple, the Pauli ”
Exclusion Principle, and Hund's H
Rule to write the electronic
configuration of the elements.

1 . Describe the hydrogen atom usin
the Quantum Theory.

"

1 Explain the significance of quantize nH
energies of electrons.

1 Describe the general shapes of s, |
and d orbitals.

"

1 Explain production, properties, type ”
and uses of Xays. (Understanding) H
Define photon as a unit of radiatior
energy.

1 Use Bohr's model for calculating
radii of orbits.

"

hydrogen atom.

1 Summarie Bohr's atomic theory nH
SKILLS Analyzing Applying Understanding

1 Calculate the frequency given the "H

wavelength or wave numbers. .
1 Calculate the energy of photon "H

associated with a given waveleng .

or wave number of a radiation.
1 Calculate the energy differences "H

between different energy level of .

1 Knowing about the distribution of
electrons in different orbitals

"

1 Observation of Xray radiation in
different medical field.

"
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SOCIETY TECHNOLOGY AND SCIENCE

Students will be able to
U Describe how making model helps bettederstand atom and molecules.
U Explain firework displays.

Related video

(Atomic Number

4? number protons

" S | H |

Atom and molecule electron, proton and neutron Cathod ray tube

What Rutherford Observed

Large deflection

@ Small deflectior;

Cathod ray tube Rutherford experlment Bohr6s atomic
https://youtu.be/6gkixPAYagy0

Quantum numbers

78l RADIOACTIVITY
-

Quantum numbers Dalton atomic theory Radioactivity

Chapter overview
(THEORITICAL)

x Fundamental particles
There are three subatomic particles exist in atom

Electron
Electron was discovered by J.J Thomson. It is a negative charge particle whose mass is'8dL1x10
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https://youtu.be/6gkjxPAYgy0
https://www.youtube.com/watch?v=l1VXM_b2KFY
https://www.youtube.com/watch?v=EMDrb2LqL7E
https://www.youtube.com/watch?v=vXOeehVTcRA
https://www.youtube.com/watch?v=IIrNJHMyzeI
https://www.youtube.com/watch?v=fNWfYIv2PxA
https://www.youtube.com/watch?v=fm2C0ovz-3M
https://www.youtube.com/watch?v=6gkjxPAYgy0
https://www.youtube.com/watch?v=AFlikHKYq8Q
https://www.youtube.com/watch?v=Zc9xfUnrTxg

Proton
Proton was discovered by Goldstein. It is a positive charge particle whose mass i€’kdgx10

Neutron
Neutron was discovered by James Chadwick. It is neutral charge patrticle.

x Daltonds atomic theory
¢CKS YIAY LRAydGa 2F 5-fa2yQa Fd2YAO (GKS2NE | NB
1 Everything is composed of atoms, which are the indivisible building blocks of matter and cannot be
destroyed.
All atoms of an element are identical.
The atoms of different elements vary in size and mass.
Compounds are produced through different whalember combinations of atoms.
A chemical reaction results in the rearrangement of atoms in the reactant and product compounds.

=A =4 =4 =4

x Discharge tube experiment:
DISCHARGE TUBE
Discharge tube is also called "CROOCK TUBE". It is made of a glass tube @drisfsts of two metallic
plates. One plate is connected to positive terminal of high voltage power supply and the other to negat
terminal. The plate connected to the positive terminal is called "ANODE" the other connected to negati
terminal is calledCATHODE". The tube is filled with any gas.

(athode Anode

Vacuum Pump

EXPERIMENT
In discharge tube experiment, at low pressure and at very high voltage, an electric current is passed. [
passage of electric current, a stream of rays is passed in the tube originatingtfrode. These rays are cal
"CATHODE RAYS".
PROPERTIES OF CATHODE RAYS
1 These rays originate from cathode.

1 Cathode rays travel in straight line.
1 Cathode rays carry negative charge.

1 Cathode rays are deflected by electric field.
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1 Cathode rays ameflected by magnetic field.

1 These rays consist of material particles.

T The ratioe / mof these particles was76 x 16 col / gm.
1 Cathode rays consist of "electron”.

1 The rays, upon striking glass or certain other materials, cause them to glow

x Applicationbs of Bohrés Atomic Mod:«

Introduction to thd8ohr Model

Bohr model of the atom was proposed by Neil Bohr in 1915. It came into existence with the modification of
Rut herfordds model of an at om. R u t aneatorh, mwhich ke mo d
explained that a nucleus (positively charged) is surrounded by negatively charged electrons.

Bohr modified this atomic structure model by ex
anywhere in between and Ao explained that each orbit (shell) has a fixed energy level. Rutherford basicg
explained the nucleus of an atom and Bohr modified that model into electrons and their energy levels.

BOHR’S MODEL OF AN ATOM O [ACERS

\ N shell
M shell
L shell
K shell
Positively
/ charged
nucleus

Byjus.com

Bohr 6s Model of an At om

Bohr 6s model muocleuss (pssitvely adndrged) susrauredédlby negative electrons moving aroufpd

the nucleus in orbits. Bohr found that an electron located away from the nucleus has more energy, and elg
close to the nucleus have less energy.

Postul ates ofanRomhr 6 s Model of
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1 Inan atom, electrons (negatively charged) revolve around the positively charged nucleus in a defin
circular path called as orbits or shells.

{1 Each orbit or shell has a fixed energy and these circular orbits are known as orbital shells.

1 Theeneqgy | evel s are represented baouant@amnuinteThes gage
of quantum number starts from nucleus side with n=1 having thetleweryy level. The orbits n=1, 2,
3, 4¢é are assigned as K, L, M, N é . shell s an
said to be in the ground state.

1 The electrons in an atom move from a lower energy level to a higher energy levelibyg gan
required energy and an electron moves from a higher energy level to lower energy level by losing

energy.
Increasing
enrg
of orbits
A photon is emitted
with energy E = hf
Byj
Limitations of Bohros Model of an Atom
f Bohrdos model of an atom failed to explaimftHh
atoms).

1 It also failed to explain the Stark effect (effect of electric field on the spectra of atoms).
1 It violates thedeisenberg Uncertainty Principle
T It could not explain the spectra obtained from larger atoms.

Reference page/site.
https://byjus.com/chemistry/bohramodel/

x PLANK®S QUANTUM THEORY.
Before | earning about Planckés quantum theory,

As progress in the sci en cggestionadutthewave natura of plectnomaggeti¢

radiation was helpful in explaining the phenomena such as interference, diffraction etc. However, he failed
explain various other observations such as the nature of emission of radiation from hothadtoetectric
effect i.e. ejection oflectrondrom a metal compound when electromagnetic radiation strikes it, the
dependence of heat capacity of solids upon temperature, line spectra of atetial(g$ydrogen).

Black Body Radiation
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https://byjus.com/chemistry/quantum-numbers-and-shapes-of-orbital/
https://byjus.com/chemistry/heisenberg-uncertainity-principle/
https://byjus.com/chemistry/bohrs-model/
https://byjus.com/chemistry/electrons/
https://cdn1.byjus.com/chemistry/wp-content/uploads/2016/01/circ.png

Solids, when heated, emit radiation varying over a wide range of wavelengths. For example: when we heal solic

color, changes continue with a further increase in temperature. This change in color happens from a lower|
frequency region to a higher frequency region as the temperature increases. For example, in many cases,
changes from red to blue. An ideal body which can emit and absorb radiation of all frequencies is called a
body. The radiation emitted by sulohdies is called black body radiation.

Thus, we can say that variation of frequency for a black body radiation depends on the temperature. At a ¢
temperature, the intensity of radiation is found to increase with an increase in the wavelength af radieki
increases to a maximum value and then decreases with an increase in the wavelength. This phenomenon
coul dndt be explained with the help of Maxwell 6
theory to explain this phenomenon.

Planck s quantum t heory

According to Planckds quantum theory,

1. Different atoms and molecules can emit or absorb energy in discrete quantities only. The smallest
amount of energy that can be emitted or absorbed in the form of electromagnetic radiation is know
quantum.

2. The energy of the radiation absorbed or emitted is directly proportional to the frequency of the
radiation.

Meanwhile, the energy of radiation is expressed in terms of frequency as,
E = h 3
Where,

E = Energy of the radiation
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h= Pl aconstant(6.626x18J.s)
3= Frequency of radiation

Interestingly, Planck has also concluded that these were only an aspect of the processes of absorption an
emission of radiation. They had nothing to do with the physical reality of the radiationLiggelfin the year

1905, famous Ger man physicist, Al bert Ei nstein
photoelectric effect. He was of the opinion that if some source of light was focused on certain materials, th
can eject electrons fromh e mat er i al . Basically, Pl anckds wor
discrete quanta of energy, or photons.
Reference page/site.
https://byjus.com/chemistry/plankgiantum
theory/#:~:text=Planck's%20gquantum%20theory,radiation%20is%20known%20as%20quantum.
x X-Ray radiations.
X-Ray photons arelectromagnetic radiatiomith wavelengths typically in the range 6.100 A. X Rays used
in diffraction experiments have wavelengths of 0153 A. X Rays can be produced tynventional
generators, by synchrotrons, and by plasma sour
radiation, can also occur at the same energies
the fact thattioriginates from nuclear reactions.
Tungsten Anode Electron Beam
Cathode

TE >/l

I

Anode Arm

I

Cathode Arm

Reference page/site.
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https://byjus.com/chemistry/planks-quantum-theory/#:~:text=Planck's%20quantum%20theory,radiation%20is%20known%20as%20quantum.
https://byjus.com/chemistry/planks-quantum-theory/#:~:text=Planck's%20quantum%20theory,radiation%20is%20known%20as%20quantum.
http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.orau.orq%2Fptp%2Fcollection%2Fxra
ytubescoolidge%2Fcoolidgeinformation.htm&psig=AOvVaw2cnphb®
JatfagU2p3WYa35&ust=1591674200656000&source=images&cd=vie&ved=0CAIQ|RxgqFwOTCLIiSilnq8
-KCFOAAAAAJAAAAABA D

http://xrayweb.chem.ou.edu/notes/xray.html

X Quantum Numbers.

| Number ||Symhul|| Possible Values |
Principal Guantum Number n |1,2,3,4,...

Angular Momenturn Quanturm Mumber|| — § U_, 1_, 2_, 3_, ce ey (ﬂ — 1)
Magnetic Quantum Mumber 1y —f_, ceey —1_1 []_, 1_, - _,f
Spin Guantum Mumber Mg —|—1/2, —1/2

The Principal Quantum Number
The first quantum number describes the electron shell, or energy level, of an atom. The vaduges from 1
to the shell containing the outermost electron of that atom

The Azimuthal Quantum Number
The second quantum number, known as the angular or orbital quantum number, describes the subshell ar]
the magnitude of the orbital angular momemtut hr ough t he rel ati on. Il n c§
called an s orbital, a = 1 a p orbital, a = 2 a

The Magnetic Quantum Number

The magnetic quantum number describes the energy levels available withinelsaarimsiields the projection
of the orbital angular momentum along a speci fi
bet ween them. The s subshell (& = 0) contains o
will always be 0.

The Spin Projection Quantum Number

d giv

ed
ne

The fourth quantum number describes the spin (intrinsic angular momentum) of the electron within that orhital

and gives the projection of the spin angular momentum (s)
along the specified axis. Analogdyisthe valuesofar ange from 1Ts to s, where
the spin quantum number, an intrinsic property of particles. An electron has spin s = %2, consequéihthem
+, corresponding with spin and opposite spin.

Reference page/site.
https://courses.lumenlearning.com/introchem/chapter/quantum

S

numbers/#:~:text=To%20completely%20debefin20an%20electron.energy%20level%2C%200f%20an%204dto

m.

x  Electronic configuration
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.orau.org%2Fptp%2Fcollection%2Fxraytubescoolidge%2Fcoolidgeinformation.htm&psig=AOvVaw2cnpb0-JatfagU2p3WYa35&ust=1591674200656000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLiSiInq8-kCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.orau.org%2Fptp%2Fcollection%2Fxraytubescoolidge%2Fcoolidgeinformation.htm&psig=AOvVaw2cnpb0-JatfagU2p3WYa35&ust=1591674200656000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLiSiInq8-kCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.orau.org%2Fptp%2Fcollection%2Fxraytubescoolidge%2Fcoolidgeinformation.htm&psig=AOvVaw2cnpb0-JatfagU2p3WYa35&ust=1591674200656000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLiSiInq8-kCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.orau.org%2Fptp%2Fcollection%2Fxraytubescoolidge%2Fcoolidgeinformation.htm&psig=AOvVaw2cnpb0-JatfagU2p3WYa35&ust=1591674200656000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLiSiInq8-kCFQAAAAAdAAAAABAD
http://xrayweb.chem.ou.edu/notes/xray.html
https://courses.lumenlearning.com/introchem/chapter/quantum-numbers/#:~:text=To%20completely%20describe%20an%20electron,energy%20level%2C%20of%20an%20atom.
https://courses.lumenlearning.com/introchem/chapter/quantum-numbers/#:~:text=To%20completely%20describe%20an%20electron,energy%20level%2C%20of%20an%20atom.
https://courses.lumenlearning.com/introchem/chapter/quantum-numbers/#:~:text=To%20completely%20describe%20an%20electron,energy%20level%2C%20of%20an%20atom.

The electron configuration of an element describes how electrons are distributed in its atomic orbitals.

Number of electron
E level
Ll in the orbital
Type of orbital

Electron Configurations are useful for:

1 Determining the valency of an element.
{1 Predicting the properties of a group of elements (elements with similar electron configurations tend
exhibit similar properties).
1 Interpreting atomic spectra.
I=6 I=3 =2 I=3
&,
n=1
n=2 25 ~gB
n=3 €D, 3p 3d
n=4 (asy_~@n g @b
sy B @ S5p <>d @
n=6 O I
Examples

The electron configurations of a feelements are provided with illustrations in this subsection.

Electron Configuration of Oxygen

The atomic number of oxygen is 8, implying that an oxygen atom holds 8 electrons. Its electrons are filled
following order:

K shelli 2 electrons

L shelli 6 electrons

Therefore, the electron configuration of oxygefds2s’ 2p*, as shown in the illustration provided below.
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Electron Configuration of Oxygen

Chlorine Electronic Configuration

Chlorine has an atomic number of 17. Therefore, its 17 electrons are distributed in the folloaimggr:

K shelli 2 electrons

L shelli 8 electrons

M shelli 7 electrons

The electron configuration of chlorine is illustrated below. It can be writté*2s2p®3s’3p° or as [Ne]383p°

17: Chlorine

Electron Configuration of Chlorine
Quantum laws.

Aufbau Principle

T ¢KAA LINRYOALX S Aa YyIYSR FFTGSNI GKS DSNX¥YIYy 462NR
1 TheAufbau principledictates that electrons will occupy the orbitals having lower energies before
occupying higher energy orbitals.

The energy of an orbitas calculated by the sum of the principal and the azimuthal quantum numberf.
According to this principle, electrons are filled in the following order: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, ¥s,
NRY plLJE caX n¥FYX pRI ¢l 174X pFI cRX 71LX

il
il

Pauli Exclusion Principle

9 The Pauli exclusion principle states that a maximum of two electrons, each having opposite spins, can
fitin an orbital.
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T This principle can also be stated as fAno twg
guantum number so.

1 Thereforejf the principal, azimuthal, and magnetic numbers are the same for two electrons, they m
have oppsite spins.

Hundds Rul e

1 This rule describes the order in which electrons are filled in all the orbitals belonging to a subshell.
9 It states that every orhittin a given subshell are singly occupied by electrons before a second electr
is filled in an orbital.

st

bn

1 In order to maximize the total spin, the electrons in the orbitals that only contain one electron all hayve

the same spin (or the same values of tlie gpantum number).

Reference page/site.
https://byjus.com/chemistry/electrorconfiguration/

x Rutherford atomic model
Rutherford Atomic Modei The plum pudding model is given by JThomson failed to explain certain
experimental results associated with the atomic structure of elements. Ernest Rutherford, a British scientis
conducted an experiment and based on the observations of this experiment he proposeddlsé ucturof
elements and gawutherford Atomic Model.

Rut herfordés Al pha Scattering Experi ment

Rut herfordds conducted an exper i mgnmidesdngtheh studibdahe d
trajectoy of these particles after their interaction with the gold foil.

Rutherford’'s Model Of Atoms

NUCLEUS
NEUTRON
PROTON

.................................................................................. ELECTRON
ORBITS

ELECTRONS

Rut her ford, i n his exper i mpanitles framia radi@actiee dourcd agathine n
sheet (100 nm thickness) of gold. In order to study the deflection caused tpdtticles, he placed a
fluorescent zinc sulphide screen around the thin gold foil. Rutherford made certain observations that
contradicted ho ms ondés atomi c mode.l
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Observations of Rutherforddés Al pha Scatteri

The observations made by Rutherford led him to conclude that:

1. A maj or f r garticlesdbombarded towares tHe gold sheet passed through it without any
deflection, and henamost of thespace in an atom is empty

2. Some o-partitleds wereldleflected by the gold sheet by very small angles, and hepositive
chargein an atonis not uniformly distributed . The positive chargein an atomis concentrated in a
very small volume

3. Veryfewof tphae tU cl es wer e def | e-partieles hanl aeark 180d angietof
deflection. So th@olume occupied by the positively charged particles in an atom is very small as
compared to the total volume of an atom

Rutherford Atomic Mvdel

Based on the above observations and conclusions, Rutherford proposed the atomic structure of elements.
According to the Rutherfordtomic model:

1. The positively charged particles and most of the mass of an atom was concentrated in an extremel
small vdume. He called this region of the atom as a nucleus.

2. Rutherford model proposed that the negatively charged electrons surround the nucleus of an atom
also claimed that the electrons surrounding the nucleus revolve around it with very high speed in
circular paths. He named these circular paths as orbits.

3. Electrons being negatively charged and nucleus being a densely concentrated mass of positively
charged particles are held together by a strong electrostatic force of attraction.

Limitations of RutherfordAtomic Model

Although the Rutherfordtomic model was based on experimental observations it failed to explain certain
things.

1 Rutherford proposed that the electrons revolve around the nucleus in fixed paths called orbits.
According to Maxwell, acceleratazharged particles emit electromagnetic radiations and hence an
electron revolving around the nucleus should emit electromagnetic radiation. This radiation would ¢
energy from the motion of the electron which would come at the cost of shrinkingtsf dhtiimately
the electrons would collapse in the nucleus. Calculations have shown that as per Rutherford mode
electron would collapse in the nucleus in less thaB §8conds. So Rutherfongodel washot in
accordance with Max wetéexpldnsthe stdbditpafgnatanomd coul d

1 One of the drawbacks of the Rutherfonddel was also that ttid not say anything about the
arrangement of electrons in an atonwhich made his theory incomplete.

1 Although the early atomic models wenaccurate and failed to explain certain experimental
resultsthey were the base for future developments in the world of quantum mechanics

Reference page/site.
https://byjus.com/chemistry/rutherfordsmodelof-atomsand-its-limitations/
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x  Shapes of orbitals.
Atomic orbitals are mathematical functions that describe the wave nature of electrons (or electron pairs) injan
atom.

The Shape of s Orbitals

f The boundary surface diagram for the s orbital looks like a sphere having the nucleus as its centre
which in two dimensions can be seen as a circle.

1 Hence, we can say thabsbitals are spherically symmetric having the probability of finding
theelectronat a given distance equal in all the directions.

1 The size of the s orbital is also found to increase with the increase in the value of the principal quafntum
number (n), thusds > 3s> 2s > 1s

X

The Shape of s Orbitals
The Shape of p Orbitals

1 Each p orbital consists of two sections better known as lobes which lie on either side of the plane
passing through the nucleus.

1 The three p orbitals differ in the way the lobes are oriented whereas they tieidienerms of size
shape and energy.

1 As the lobes lie along one of the X, y eaxs, these three orbitals are given the designation2gp
and 2p. Thus, we can say that there are three p orbitals whose axes are mutually perpendicular.

1 Similar tos orbitals, size, and energy of p orbitals increase with an increase in the principal quantur
number (4p > 3p > 2p).

-

z z £

i
¥ h“\.“ - 1]
S
]

¥ —

The Shape of p Orbitals
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The Shape of d Orbitals

1 The magnetic orbitaluantim numbefor d orbitals is given asZ,-1,0, 1,2). Hence, we can say that
there are five @rbitals.

These orbitals are designated gs d, dx., d?y? and d?.

1 Out of these five d orbitals, shapes of the first fowrhitals are similar teach other, which is
different from the ¢ orbital whereas the energy of all five d orbitals is the same.

: drz ¥ drr
" d,z }‘
g d, dz.z
The Shape of d Orbitals

Reference page/site.
https://byjus.com/chemistry/shapesf-orbitals/
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ATOMIC MODELS

Bohr's Atomic Model

- Development leading to
Bohr's Model of Atom

D

Beam of lLight

ct

Planck’'s Quantum Theory =-°

- Bohr Bury Schheme

Heisenberg Uncertainty Principle
It M t fetermine xact position

x  Hydrogen Spectrum introduction

We all know that electrons in an atom or a molecule absorb energy and get excited, they jump from a lows
energy level to a higher energy level and they emit radiation when they come back to theirsidtgeall his
phenomenon accounts for the emission spectrum through hydrogen too, better knowry@asthen emission
spectrum
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HYDROGEN EMISSION SPECTRUM

GAS DISCHARGE TUBE
CONTAINING HYDROGEN

In the late 1800s, it was known that when a gasé#ted using an electric discharge and the light emitted is
viewed through a diffraction grating; the spectrum observed consists not of a continuous band of light, but
individual lines with weHldefined wavelengths. Experiments have shown that thelevagtés of the lines were

of

characteristic of the chemical element emitting the light. They were an atomic fingerprint which resulted frgm

the internal structure of the atom.

What is Hydrogen spectrum?

Thehydrogerspectrum is an important piece of evidence to show the quantized electronic structure of an gtom.

The hydrogen atoms of the molecule dissociate as soon as an electric discharge is passed through a gase€
hydrogen molecule. It results in the sgion of electromagnetic radiation initiated by the energetically excited
hydrogen atoms. The hydrogen emission spectrum comprises radiation of discrete frequencies. These ser|
radiation are named after the scientists who discovered them.

Hydrogen spetrum wavelength

When a hydrogen atom absorbs a photon, it causes the electron to experience a transition to a higher ene
level, for example, n = 1n = 2. When a photon is emitted through a hydrogen atom, the electron undergoes
transition from a higer energy level to a lower, for example, n = 3, n = 2. During this transition from a highe
level to a lower level, there is the transmission of light occurs. The quantized energy levels of the atoms, ¢
the spectrum to comprise wavelengths that reflee differences in these energy levels. For example, the line
656 nm corresponds to the transition n 1 3 2.
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Hydrogen transitions

Hydrogen emission spectrum:

In the year 1885, on the basis of experimental observations, Balmer proposed the formula for correlating t
wave number of the spectral lines emitted and the energy shells involved. This formula is given as:

_ 1 1
7= 109677 (5~ —)

This series of the hydrogen emission spectisiimown as the Balmer series. This is the only series of lines in
the electromagnetic spectrum that lies in the visible region. The value, 109,67ig called the Rydberg
constant for hydrogen. The Balmer series is basically the part of the hy@mgesion spectrum responsible

for the excitation of arlectronfrom the second shell to any other shell. Similarly, other transitions also have
their own series names. Some of them are listed below,

Transition from the first shell to any other sliellyman series
Transition from the second shell to any other sh&almer series
Transition from the third shell to any other shieRaschen series
Transition from the fourth shell to any other sfieBracket series
Transition from the fifth shell to any other shielPfund series

=A =4 4 4 =4
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Hydrogen spectrum series
Johannes Rydberg, a Swedish spectroscopist, derived a general formula for the calculation of wave numb
hydrogen spectral line emissions du¢hte transition of an electron from one orbit to another. The general
formula for the hydrogen emission spectrum is given by:

_ 1 1
v = 1[]96-??(E— —2}
Where,

m= 1,2, 3,4 ¢é
n=n-+1

3= wave slacimh&neticoddiatioThe value 109,677 chis known as Rydberg constant for
hydrogen.

(NUMERICALS)

Electronic configuration.
Example: Chlorine 17
1s25°2p°3s3p°

Coefficients 1, 2, 2, 3, and 3 are energy levels of Cl. As you can see "ghialiban have maximum
6 electrons.

Superscripts 2, 2, 6, 2 and 5 are electrons in the sub shells "s" and "p".

Example: Bromine 35

12252p°353pP43d %4 p°
As you can see "d" sub shell can have maximum 10 electrons.

Wave length & wave numbers.
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Q. Calculate the wave number and wave length of a photon when the when the electron jumps
fromnz=4tom=1.

Given Lower energy level, 1+ 1, Higher energy level, 2= 4
Required (a) Wave numbes ~ (b) identification of the spectral line
Formula
1 1
v=~R (—o — 3
ny Ty
Where R is the Rydber gds c¢ o'ms Saputtthe@ales, i t s vial
Solution.
- (1 1
- = i
v =1.0974 x 10 (ﬁ_gi_z
7= 1.0974 x 107 (1 — =
V=1. [ — —
16
- 15
v =1.0974 x 10" x —
16

— 7= 1.0974 x 0.9375 x 107= 7 = 1.0288125 x 10"m !

Hence, there are about 10288125 wave in one meter length.

Now, wavelength is theength of a wave in meters. Therefore, wavelength can be obtained by taking
the reciprocal of the wave number.

1
A= 10288125 X 107

m=0.972x 10""m

Exercise Practice.
1. Calculate theslectronic configuration of the following.
1 Nau
T Kig
1 Sie
2. Calculate the wave number and wave length@f@on when the electron jump from
n=3 to n=2.

Radioactivity:
1 The process of emission of particles from nuclei because of the nuclear instability; is known as
radioactivity.
1 The substance that releases such energy/rays is known as radioactive substance.

There are three types of radioactive radiation.
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Al pha (U) Particles

|l

1

Alpha particles are usually composed of two protons and two neutrons, which are tightly bo
together.

Alpha particles are being released during radioactive decay (or alpha decay)drootltus
radio nuclides.

The alpha particles are identical to the nucleus of either normal helium atom or doubly ion
helium atom.

In comparison to other particles (i.e. Gamma and Beta), alpha particles are heavy and
Therefore, alpha particlesvevery small range in the air.

Because of slow speed, Alpha particles have very weak penetrating powers; these particlg
even stopped by a thin paper sheet (see image given above).

Because of having the double positive charge, alpha particles algibighing.

a (b) Particles

Beta particles are the fast moving electrons emitted by some radio nuclides during
radioactive decay (also known as beta decay).

Beta particles are of much lighter weight and carry a single negative charge.

Beta particls are rarely ionizing than the alpha patrticles.

Because of having lighter weight, beta particles can travel much farther than alpha parti
however, beta particles can be stopped by several sheet of papers or one sheet of alumin

Beta particles are gatively charged and get attracted towards positively charged particles.

Gamma (1) Particles

und

zed

slow.

S art

the

CIes;

Gamma particles are the bundle of high energy namely electromagnetic energy (photon) enjitted

by the radioactive elements during the radioactive decay.

Among all three particles (alpha, beta, and gamma), gamma particles are the most ener
photons.

Gamma particles, which are the form of electromagnetic radiation(EMR), originate from
nucleus.

The wavelengths of gamma are the shortest among all three.

jetic

he

Gammaparticles have no charge and they are neutral; therefore, they are unaffected by magnetic

and electric fields.
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https://www.tutorialspoint.cam/chemistry _part2/chemistry radioactivity.htm
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A What are subatomic particles?

How do the atomic structures of isotopes vary?

What are the shortcomings of Bohroés atom
How can the total number of neutrons in the nucleus of ageatope be determined?
Who proposed the principal quantum number?

Why are there only 8 electrons in the outer shell?

How do you find the principal quantum number?

What are the principal energy levels?

Which energy level has the least energy?

Name threedotopes of oxygen.

How isotopes are formed?

Give some examples of stable isotopes.

The unstable isotopes emit what rays?

What are isobars?

Give some examples of isobars.

What is the electronic configuration of copper?

(Related video$

DD DD DD DD D D> D

Fundamental particles

https://youtu.be/l1VXM b2KFY
https://youtu.be/EMDrb2LgL7E

Discharge tube

https://youtu.be/vXOeehVTARRA

https://youtu.be/Fal OtWOMW4

Rutherford atomic model
https://youtu.be/IQ1h gdVIHg

Bohr6s atomic model
https://youtu.be/fm2C0ovz3M
https://youtu.be/WgJbBcVFI2I

Quantum numbers
https://youtu.be/6gkijxPAYqy0

Dal tonds mtomic theo
https://youtu.be/AFlikHKYg8Q

Radioactivity

https://youtu.be/ZcOxfUnrTxg
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CHAPTER 3

—

STATES OF MATTER

-

chapter

skills

understanding

GASES :

Kinetic Molecular Theory of
Gases.

Absolute Temperature Scale on
the Basis of Charles Law
Avogadro's Law .

Ideal Gas Equation.

Deviation from Ideal Gas
Behavior .

Van der Waals Equation.
Dalton's Law of Partial Pressure
Graham's Law of Diffusion and
Effusion.

Liquefaction of Gases

Fourth State of Matter: Plasma
Conceptual Linkages

This unit is built on

Kinetic Molecular Interpretation
of Liquids

Intermolecular Forces (Van der
Walls forces)

Physical Properties of Liquids
Energetics of Phase Changes
Liquid Crystals

A Physical Prof
to Intermolecular Forces
Boyle's Law

Chates' Law

LIQUIDS :

Students will be able to:
Interconvert pressure in pascals
kilopascals, atmospheres and b
(Applying)
Calculate the partial pressure of
gas collected over water.
(Applying)

Calculate the new volume of a g
when the pressure ofdlgas
changes. (Applying)

Use the combined gas law in
calculations. (Applying)
Determine the molar volume of
the gas under various conditiong
(Applying)

Apply the ideal gas laws to
calculate the pressure or the
volume of a gas. (Applying)

Identify types of intermolecular
attractions between the moleculé
of a liquid from a given list of
liquids based on its molecular
structures. (Applying)
Compare and explain the
volatility of different liquids at

same temperature based on

Students will be able to:

List the postulates of Kinetic
Molecular Theory. (Remembering
Describe the motion of particles o
a gas accordintp Kinetic Theory.
(Applying)

State the values of standard
temperature and pressure (STP).
(Remembering)

Relate temperature to the averag
kinetic energy of the particles in &
substance. (Applying)
Use Kinetic Theory to explain gas
pressure. (Applying)

Describe the effect of change in
pressure on the volume of gas.
(Applying)

Describe the effect of change in
temperature on the volume of gas
(Applying)

Explain the significance of absolu
zero, giving its value in degree
Celsius and Kelvin.
(Understanding)

State and explain the significance
of Avogadro's Law.
(Understanding)
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Conceptual Linkages

This unit is built on

Physical Properties of fuids due
to Intermolecular Forces

Effects of Temperature and
Pressure on Vapor Pressure
Effects of Temperature and
Pressure on Boiling Point

SOLIDS :

Topics according to national
curriculum.

SOLIDS :

Kinetic Molecular Interpretation
of Solids

Types of Solids

Properties of Crystalline Solids
Crystal Lattice

Types of Crystalline Solids

Conceptual Linkages

This unit is built on

Physical Properties of Solids
Amorphous Solids
Crystalline Solids

Allotropic Solids

intermolecular forces.
(Analyzing)

List some common amorphous
solids encountered in daily life.
(Applying)

Explain why a compound like
CacCl2 will fluctuatein mass from
day to day because of humidity.
(Applying)

Purify saline water by repeated

freezing. (Applying)

Derive Ideal Gas Equation using
Boyle's, Charles' and Avogadro's
law. (Understading)

Explain the significance and
different units of ideal gas constal
(Understanding)

Distinguish between real and ideg
gases. (Understanding)

Explain why real gases deviate
from the gas laws. (Analyzing)
Define and describe the propertie
of Plasna.(Applying)

Derive new form of Gas Equation
with volume and pressure
corrections for real gases.
(Understanding)

State and use Graham's Law of
Diffusion. (Understanding)

State and use Dalton's Law of
Partial Pressures. (Understanding
Describe some dhe implications
of the Kinetic Molecular Theory,
such as the velocity of molecules
and Graham's Law. (Applying)
Explain Und's method for the
liquefaction of gases.
(Understanding)

Define pressure and give its
various units. (Remembering)
Define and exg@lin plasma
formation. (Understanding)

Describe simple properties of
liquids e.g., diffusion, compressio
expansion, motion of molecules,
spaces between them,
intermolecular forces and kinetic
energy based on Kinetic Moleculg
Theory. (Understanding)

Explain applications of dipole
dipole forces, hydrogen bonding
and London forces. (Applying)
Explain physical properties of
liquids such as evaporation, vapo
pressure, boiling point, viscosity
and surface tension.
(Understanding)

Use the concept of Hydrogen
bonding to explain the following
properties of water: high surface
tension, high specific heat, low
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vapor pressure, high heat of
vaporization, and high boiling
point. And anomalous behaviour ¢
water when its density shows
maximum at 4 degree
centigrade(Aplying)

Define molar heat of fusion and
molar heat of vaporization.
(Remembering)

Describe how heat of fusion and
heat of vaporization affect the
particles that make up matter.
(Understanding)

Relate energy changes with
changes in intermolecular forces.
(Applying)

Define dynamic equilibrium
between two physical states.
(Remembering)

Describe liquid crystals and give
their uses in daily life. (Applying)
Differentiate liquid crystals from
pure liquids and crystalline solids,

(Applying)

Describe simple qoperties of
solids e.g., diffusion, compressior|
expansion, motion of molecules,
spaces between them,
intermolecular tomes and kinetic
energy based on kinetic moleculg
theory. (Understanding)
Differentiate between amorphous
and crystalline solids.
(Undeastanding) Describe
properties of crystalline solids like
geometrical shape, melting point,
cleavage planes, habit of a crysta
crystal growth, anisotropy,
symmetry, isomorphism,
polymorphism, allotropy and
transition temperature.
(Understanding)

Use oxygen and sulphur to define
allotropes. (Understanding)
Explain the significance of the uni
cell to the shape of the crystal
using NaCl as an example.

(Applying)
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Name three types of packing
arrangements and draw or constr
models of them. (Applying)

Name three factors that affect the
shape of an ionic crystal.
(Understanding) Define lattice
energy. (Remembering)
Differentiate between ionic,
covalent, molecular and metallic
crystalline solids. (Applying)
Explain the low density and high
heat of fusion of ice.
(Understanding)

Define and ex lain molecular and
metallic solids. Understandin.

Videos of Gases

BOYLE'S LAW V & 1/P ) ar
CHARLE'SLAW Vo< T ﬁ a,‘?‘
AVOGADRO'SLAW V o n

IDEALGASLAW | V o nT/pl

V =R.nT/p
PV=n T

collisions are elastic

van der Waals equation of state

pluoN’s u' raham's Law
r pm Gof Biffusilc-)n

ss 82 Khan Academy

Videos of liquid

é}(eeda

Van Der Waals Forces

What is Liquid
Q N Q Pressure?

Temp. A\ Tndoced

dipole LOF | dipole Properties of Solids #02
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https://www.youtube.com/watch?v=S_iTflYQDdM
https://www.youtube.com/watch?v=BxUS1K7xu30
https://www.youtube.com/watch?v=MDUkyxxKA8k
https://www.youtube.com/watch?v=cF7KX3cceKw
https://www.youtube.com/watch?v=g6QuuoTs2Oo
https://www.youtube.com/watch?v=c3g3maYegBk
https://www.youtube.com/watch?v=jH-m4gNYo7Y
https://www.youtube.com/watch?v=oc0ypeDELb0

Videos of solid
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Chapter overview
GASES :
Express the five basi@assumptions of the Kinetic Molecular Theory of Gases.

Key Points
Kinetic Molecular Theory states that gas particles are in constant motion and exhibit perfectly elas
collisions.

Kinetic Mol ecular Theory can belawssed to exp
The average kinetic energy of a collection of gas particles is directly proportional to absolute
temperature only.

Terms
macroscopic properties that can be visualized or measured by the naked eye; examples include
pressure, temperature, and volume

ideal gas hypothetical gas whose molecules exhibit no interaction and undergo elastic collision with

each other and the walls of the container

Basic Assumptions of the Kinetic Molecular Theory

By the late 19th century, scientists had begcerepting the atomic theory of matter started relating it
to individual molecules. The Kinetic Molecular Theory of Gases comes from observations that
scientists made about gases to explain their macroscopic properties. The following are the basic
assumptias of the Kinetic Molecular Theory:

tic

The volume occupied by the individual particles of a gas is negligible compared to the volume of the

gas itself.
The particles of an ideal gas exert no attractive forces on each other or on their surroundings.
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Gas patrtites are in a constant state of random motion and move in straight lines until they collide
another body.

The collisions exhibited by gas particles are completely elastic; when two molecules collide, total
kinetic energy is conserved.

The average kin&t energy of gas molecules is directly proportional to absolute temperature only; t
implies that all molecular motion ceases if the temperature is reduced to absolute zero

Absolute Temperature Scale on the Basis of Charles Law

Charles's Law stateshat the volume of a given mass of gas varies directly withliselute
temperature of the gas when pressure is kept constant.alselute
temperature is temperature measured with the Kelviscale ...

Absolute Zero
o
= o
_zriy —zs'iy
Temperatare (°C) Temperatare (°C)

A vohmne vs. temperahme and a pressure vs. temperahme plot will each have
an x-intercept of -273 C. The volume and the pressure of a gas seem to reduce to
0 at a very specific temperahme (assuming the gas remains as a gas).

Avogadro's Law

Avogadro's Law: The volume of @as is directly proportional to the amount of gas. The
typicalamountof gas is in moles. Avogadro's Law assumes that temperature and pressure are
constant.

Vn=k(constanfvVn=k(constant)

Wherenn s in moles of gas.

As with the other gas lawBoyle's and Charles'), Avogadro's Law is typically depicted when
considering an initial set of conditions (condition 1) and a final set of conditions (condition 2).
V1nl=V2n2V1nl1=V2n2

This is exactly like Charles' Law except the temperatlirddésbeen replaced with number of moles
(n).

Also keep in mind that mass is proportional to moles which means the mass of the gas can also K
used here:

V1iml=V2m2V1im1l=V2m2

Wheremis the mass of the gas. However, keep in mind that unlike tbe two conditios compared
with the mass must compare the same gas (as different gases have different molar masses).
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GENERAL GAS EQUATION AND EQUATION OF STATE OF A GAS

According tao Boyleds Law

Volume of a given mass of a gasnsersely proportional to pressure if
temperature remains constant

VAT | = eneu—— (1)

According to Charlesbés | aw:
Volume of a given mass of a gas is directly proportional to absolute
temperature if pressure remains constant.

VUT - (2)

According to Avogadrobs | aw:
Volume of a gas is directly proportional to no of moles.

Vun ---(3)

Combining 1,2,and 3
VuT.n1/P.V unT/P
V= (constant) nT/P
PV/nT = constant
Here constant is R

PVInT =R
Or
PV=nRT

Thisis the equation of state of a gas (Ideal Gas Equation)
R= Universal gas constant

Value ofR is equal td0.0821 dni.atmosphere/mole.k

R has different values in different systems of unit
ANOTHER FORM:

As PVInT = constant

For initial conditions:

Whentemperature is ffand pressure is;P

P1V1/T1 = constant----------------- ()
Similarly for final conditions:
P2V2/T2 = constant----------------- (b)

From equation (a) & (b)
PiVYT1=PVaT2

Determinethevolumeof 2.00molesof gasegidealgas)at STP.STP= Standardremperatureand
Pressure.

Known:

Molesof gas(n) = 2 moles

Standardemperatur€T) =00C =0+ 273=273Kelvin

StandardgoressurgP)=1 atm=1.013x 105Pa

Universalgasconstan{R) = 8.315Joule/mole.Kelvin

Wanted: Volumeof gaseqV)

Solution:

Equationof Idealgaslaw (in the numberof moles,n)
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PV=nRT
v—NRT _|2)8.315)(273) _|2) 8.315 273
P 1.013x10° 1.013x 10°

453999 _ g 3, 3
=101300 =0.0448m =0.0448x 10" dm

V=44.8dm’ =448liters

vV

[‘

In a mixture of different gases which do not react chemieath gas behaves independently ¢
the other gases and exerts its own pressure. This individual pressure that a gas exerts in a
of gases is called it's partial pressure.

Based on this behaviour of gases, JOHN DALTON formulated a basic law which is known .
Dalton's law of partial pressure”
The law states that:

"If two or more gases(which do not react with eadather)are enclosed in a vessel,

the total pressure exerted by them is equal to the sum of their partial pressure”.

Consider a mixture of three noeaacting gasesa, b andc .Partial pressures of these gases
arePa ,Pr andPc .According to Dalton's law of partial pressure, their total pressure is given b
Protal = Pa+ Pp + Pc

According to kinetic molecular theory of gases there is no force of attraction or repulsion ar
the gas molecules. Thus each gas behaves independently in a mixture and exerts it's own
In terms of KINETIC MOLECULAR THEORY, Dalton's law of paitiressure can be explaine
as:

"In a non-reacting mixture of gases, each gas exerts separate pressure on the container

which it is confined due to collision of it's molecules with the walls of container.
The total pressure exerted by thgaseous mixture is equal to
the sum of collisions of the molecules of individual gas ."

Consider a gaseous mixture of three different gasésandc enclosed in a container of
volumeVdmiat T Kelvin. Let thepartial pressures of these gasesRar®, andP. respectively an
total pressure of mixture . Let there area ,np andnc moles of each gas respectively and the
total number of

moles aren;.
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Three gases confined in a cylinder under sinu@arditions:
Using equation of state of gas:

PV =nRT
OR
P =nRT/NV
For gasa
Pa= NRT/V---------—-o--- 0]
For gash
Po = DeRT/V-------=--—--—- (i)
For gasc
Pec = nlRT/V------=- o= ---- (i)
For any ga
Pgas= NgaRT/V
OR
—= = RTY
= @

Adding equation (i) , (ii) and (iii), we get,
Pt=nRT/V + bRT/V + lRT/V
Pt=(na+ no + c)RT/V

OR
Butne=na+mp+ne
Pt=n RT/V
Pt
- = RT.-("'-J"[m
My
Comparing equation (a) and (b), we get,
Pt _ Fou
ﬁt r_klgaas
OR
1)‘2135 = ﬂ;_;:ae'.

r

= T
total total

This expression indicates that the pressure of a gas is proportional to number of moles if cc
under similar conditions.

Graham's Laws of Diffusion and Effusion
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DIFFUSION
OF GASES

Inter mixing of two or more gases to form a homogenaature without any chemical
change is calletDIFFUSION OF GASES. Diffusion is purely a physical phenomenor

Gases diffuse very quickly due to large empty spaces among molecules. Different g
diffuse with different rates (velocities).

GRAHAM'S
LAWOF
DIFFUSION

Graham's law is a quantitative relation between the density and rate of diffusion ¢

i]ases.

@ The rate of diffusion of a gas is inversely proportional to the square root of its
density.

1

vafd—

@ Thecomparative rates of diffusion of two gases are inversely proportional to t
square root of their densities.

MATHEMATICAL REPRESENTATION OF THE LAW
Consider two gases A and B having mass denslfiesndd2 and their rates of
diffusions arel andr2 respectively.
According to Graham's law of diffusion:
For gasA:

For gasB:
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Dividing equation (i) by equation (ii)

OR 1

OR \/d_

NS
N

(4 d
or |1 = 2
v d,
Since densitya molecular mass, therefore, we can replace deddityMolecular
massM.
Boyle's Law

Boyle's Law states that volume of a given amount of gas held at a constant temperature varies
inversely the with pressure. The relationship between pressure and volume of Boyle's Law is
expressed in mathematical terms ag:R P,Vo.

Formula andDerivation

As per Boyleds | aw, any change in the volum
will result in a change in the pressure exerted by it. In other words, the product of the initial pres
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and the initial volume of a gas igual to the product of its final pressure and final volume (at constgnt
temperature and number of moles). This law can be expressed mathematically as follows:

PiV1i=PxV2
Where,

T P1is the initial pressure exerted by the gas
T Vuis the initial volume occupteby the gas
1 P2is the final pressure exerted by the gas
1 Vzis the final volume occupied by the gas

This expression can be obtained from the pressusel ume r el ati onshi p sug|ge

fixed amount of gas kept at a constant temperatures RVl herefore,

P1V1 = k (initial pressure * initial volume)

P2V2 = k (final pressure * final volume)

CPVi=P2\V2

This equation can be used to predict the increase in the pressure exerted by a gas on the walls of
container when the volume of it®ntainer is decreased (and its quantity and absolute temperafure
remain unchanged).

Example .1

A sample of gas has an initial pressure of 2.44 atand an initial volume of 4.01 L. Its pressure
changes to 1.93 atm. What is the new volume if temperature and amount are kept constant?

SOLUTION

Steps for Problem
Solving

Identify the Given:P1=2.44 atm an¥/1 =4.01 L
"given"information

and what the P>=1.93 atm

problem is asking

you to "find." Find:V>=?L

List other known
quantities.

none

First, rearrange the equation algebraically to solvé/gr2.
Plan the problem.
V2=P1xV1P2(11.4.4)(11.4.4)V2=P1xV1P2
_ Now substitute the known quantities into the equation and solve.
Cancel units ar
calculate. V2=2.44atmx4.01L1.93atm=5.07L(11.4.5)(11.4.5)V2=2.44atmx4.01L1.93atm=
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Steps for Problem
Solving

We know that pressure and volume are inversely related; as one decreases, th
Think about your increases. Pressure is decreasing (from 2.44 atm to 1.93 atm), so volume shot
result. increasing to compensate, and it is (from 4.01 L to 5.07 L). So the answer mak
senselbmed on Boyl eds | aw.

Charles' Law

Charles' Law states that the volume of a given mass of a gas is directly proportional to its Kelvin
temperature at constant pressure.

Derivation of Charles Law

As we are aware of the fact that, at constant pressure, the volume of the fixed amountyofdisesd

directly proportional to absolute temperatu
statement in the following manner.
Ve T

Since V and T are varying directly, we can equate them by making use of the constant k.
V/T=constant =k

In this, the value of k depends on the pressure of the gas, the amount of the gas and also the unit
volume.

V*T=kd 0 -(1)

Let us consider V1 AND T1 to be the initial volume and the temperature respectively of an ideal g
Then we can write equation (1) as

V1/T1=kd & -(2)

After it lets change the temperature of the gas to T2. Alternatively, its volume changes to V2 then
can write

V2/T2=kd & 1(3)
Equating the above equations that is equation 2 and 3, we get
V1/T1=V2/T2

Charles Law Solved Problems

1. A gas occpies a volume of 400cm3 at-@egree Celcius and 780mm of Hg. How many litres of
volume will the gas occupy at 8@legree Celcius and 780mm Hg

Solution According to the question, V1=400cm3

T1=0 degree Celcius= 0+273=273K
T2=80 DEGREE CELCIUS=80+273=353K
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You need to find the V2.
Here only the temperature is changing, the pressure remains constant
Using Charlebds |l aw, V1/T1=V2/ T2

Putting the above values in the Charleds | aw

400/273=V2/353

V2=400*353/273

V2=517.21CM3

Since 1 cubic centimeters = 0.001dH,

Then 517.21cubic centimeters=517.21*1%.517 litres.

What is plasma?

Plasmais defined as a state of matter predominantly comprised of ions and electrons. An ion is form¢d

when an atom or molecule gains or loses electrons,

LIQUIDS :

Kinetic - Molecular Interpretation Of Liquids.

Learning Objectives

To describe the unique properties of liquids.

To know how and why the vapor pressure of a liquid varies with temperature.

To understand that the equilibrium vapor pressure of a liquid dementhe temperature and the
intermolecular forces present.

Although you have been introduced to some of the interactions that hold molecules together in a
liquid, we have not yet discussed the consequences of those interactions for the bulk properties df
liquids. We now turn our attention to four unique properties of liquids that intimately depend on th
nature of intermolecular interactions:

surface tension,

capillary action,

viscosity, and

boiling point.

4

Surface Tension

Surface tension is the energy required to increase the surface area of a liquid by a unit amount gnd

varies greatly from liquid to liquid based on the nature of the intermolecular forces,

e.g., water with hydrogen bonds has a surface tensipr2®f101 2¥m27 . 2 9 T 1 0(at 203Q),m 2
while mercury with metallic (electrostatic) bonds has as surface tension thatireés5
greater4.86x101 1Jm24 . 8 6 1 1 O(at 203Q).m 2

presents a microscopic view of a liquid droplet. A typical molecule imtkeor of the droplet is
surrounded by other molecules that exert attractive forces from all directions. Consequently, there
no netforce on the molecule that would cause it to move in a particular direction. In contrast, a
molecule on theurfaceexperiences aet attraction toward the drop because there are no molecules

on the outside to balance the forces exerted by adjacent molecules in the interior. Because a sphgre h
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the smallest possible surface area for a given volume, intermolecular attractiveiorsiaetween
water molecules cause the droplet to adopt a spherical shape. This maximizes the number of attractivi
interactions and minimizes the number of water molecules at the surface. Hence raindrops are alinost
spherical, and drops of water on a wakeonpolar) surface, which does not interact strongly with
water, form round beads. A dirty car is covered with a mixture of substances, some of which are polar.
Attractive interactions between the polar substances and water cause the water to spread tim in
film instead of forming beads.

A Representation of Surface Tension in a Liquid. Molecules at the surface of water experience a|net
attraction to other molecules in the liquid, which holds the surface of the bulk sample together.

Capillary Adion
Intermolecular forces also cause a phenomenon called capillary action, which is the tendency of 4
polar liquid to rise against gravity into a smdidmeter tube (aapillary), as shown in

Figure10.1.310.1.3 When a glass capillary is put into a daftwater, water is drawn up into the tube.
The height to which the water rises depends on the diameter of the tube and the temperature of the
water butnoton the angle at which the tube enters the water. The smaller the diameter, the higher the
liquid rises.The height of the water doestdepeﬂnd on the anglg at which the capillary is tilted.

. i ==

=

The Phenomenon of Capillary Action. Capillary action seen as water climbs to different levels in glass
tubes of different diameters.
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action is the net result of two opposing sets of forcekesive forceswvhich are the intermolecular
forces that hold &quid together, an@dhesive forcesvhich are the attractive forces between a liquid
and the substance that composes the capillary.

Cohesive forces bind molecules of the same type together

Adhesive forces bind a substance to a surface

Water has botktrong adhesion to glass, which contains p8I&@HSIOH groups, and strong
intermolecular cohesion. When a glass capillary is put into water, the surface tension due to cohe
forces constricts the surface area of water within the tube, while adhesi@ebehe water and the
glass creates an upward force that maximizes the amount of glass surface in contact with the wat
the adhesive forces are stronger than the cohesive forces, as is the case for water, then the liquig
capillary rises to th level where the downward force of gravity exactly balances this upward force.
however, the cohesive forces are stronger than the adhesive forces, as is the case for mercury a
glass, the liquid pulls itself down into the capillary below the surdétiee bulk liquid to minimize
contact with the glass (part (a) in Figui@1.410.1.4. The upper surface of a liquid in a tube is called
themeniscusand the shape of the meniscus depends on the relative strengths of the cohesive an
adhesive forces. liquids such as water, the meniscus is concave; in liquids such as mercury,
however, which have very strong cohesive forces and weak adhesion to glass, the meniscus is c(

H,O Hg

The Phenomenon of Capillary Action. Capillary action of water compared tungem each case
with respect to a polar surface such as glass. (a) This drawing illustrates the shape of the menisc
the relative height of a mercury column when a glass capillary is put into liquid mercury. The
meniscus is convex and the surfatéhe liquid inside the tube Iswerthan the level of the liquid
outside the tube. (b) Because water adheres strongly to the polar surface of glass, it has a con
meniscus, whereas mercury, which does not adhere to the glass, has a convex meniscus.

Fluids and nutrients are transported up the stems of plants or the trunks of trees by capillary actign.

Plants contain tiny rigid tubes composed of cellulose, to which water has strong adhesion. Becau
the strong adhesive forces, nutrients can be trategptyom the roots to the tops of trees that are mor
than 50 m tall. Cotton towels are also made of cellulose; they absorb water because the tiny tube
|l i ke capillaries and fAwicko the water away
fabric, not just the layer in contact with your body.
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Polar substances are drawn up a glass capillary and generally have concave meniscuses and
nonpolar substances general avoid the capillary and exhibit convex meniscuses.

Viscosity
Vi s c o sidgthe yesistadck of a liquid to flow. Some liquids, such as gasoline, ethanol, and wate
flow very readily and hence havéaav viscosity Others, such as motor oil, molasses, and maple
syrup, flow very slowly and havehagh viscosity The two most commomethods for evaluating the
viscosity of a liquid are

to measure the time it takes for a quantity of liquid to flow through a narrow vertical tube and
to measure the time it takes steel balls to fall through a given volume of the liquid.

The higher the visasity, the slower the liquid flows through the tube and the steel balls fall. Viscosity

is expressed in units of the poise (mPaAs);
viscosities of some representative liquids are listed in Tehie110.1.1and show a correlation
between viscosity and intermolecular forces. Because a liquid can flow only if the molecules canfq
past one another with minimal resistance, strong intermolecular attractive forces make it more di
for molecules to moveith respect to one another. The addition of a second hydroxyl group to
ethanol, for example, which produces ethylene glycol (H&EHIOH), increases the viscosity-15
fold. This effect is due to the increased number of hydrogen bonds that cavetoreen hydroxyl
groups in adjacent molecules, resulting in dramatically stronger intermolecular attractive forces.

)

Ethylene glycol

Comparison of structures of ethanol (left) with ethylene glycol
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(right). (CC BY-SA-NC; anonymous by request)

There is also a correlatidoetween viscosity and molecular shape. Liquids consisting of long, flexible

molecules tend to have higher viscosities than those composed of more spherical ecisaiorter
mol ecul es. The |l onger the mol eculoeswi tthh eo neea
making it more difficult for them to move past one another. London dispersion forces also increas
with chain length. Due to a combination of these two effects;dbiagn hydrocarbons (such as motor
oils) are highly viscous.

Viscosityincreases as intermolecular interactions or molecular size increases.

Boiling Points

Thevapor pressureof a liquid is defined as the pressure exerted by a vapor in equilibrium with its
condensed phases (solid or liquid) at a given temperature in a sisgeth (discussed in more detail
in next Sections of Chapter). As the temperature of a liquid increases, the vapor pressure of the li
increases until it equals the external pressure, or the atmospheric pressure in the case of an oper
container. Bubblke of vapor begin to form throughout the liquid, and the liquid begins to boil. The
temperature at which a liquid boils at exactly 1 atm pressure istheal boiling poinbf the liquid.

For water, the normal boiling point is exactly 100°C. The normal boiling points of the other liquids
Figurel10.1.8.0.1.8are represented by the points at which the vapor pressure curves cross the line
corresponding to a pressure of 1 atm

Intermolecular forces ( Van der Waals Forces )
Van der Waals forces' is a general term used to define the attraction of intermolecular forces betw
molecules. There are two kinds of Van der Waals forces:

weak

and stronger

Introduction

The chance that an electron of an atom is in a certain area in the electron cloud at a specific time
called the "electron charge density." Since there is no way efikgaexactly where the electron is
located and since they do not all stay in the same area 100 percent of the time, if the electrons al
the same area at once, a dipole is formed momentarily. Even if a molecule is nonpolar, this
displacement of eleins causes a nonpolar molecule to become polar for a moment.

Since the molecule is polar, this means that all the electrons are concentrated at one end and the
molecule is partially negatively charged on that end. This negative end makes the surrounding
molecules have an instantaneous dipole also, attracting the surrounding molecules' positive ends
process is known as the frorce of attraction.
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The ability of a molecule to become polar and displace its electrons is known as the molecule's

" ." The more electrons a molecule contains, the higher its ability to become polar.
Polarizability increases in the periodic table from the top of a group to the bottom and from right tc
left within periods. This is because the higtitee molecular mass, the more electrons an atom has.
With more electrons, the outer electrons are easily displaced because the inner electrons shield t
nucleus' positive charge from the outer electrons which would normally keep them close to the
nucleus

When the molecules become polar, the melting and boiling points are raised because it takes mo
and energy to break these bonds. Therefore, the greater the mass, the more electrons present, a
more electrons present, the higher the meltingbanithg points of these substances.

e he
nd th

London dispersion forces are stronger in those molecules that are not compact, but long chains o
elements. This is because it is easier to displace the electrons because the forces of attraction be
the electronsrad protons in the nucleus are weaker. The more readily displacement of electrons m|
the molecule is also more fApolarizabl e. 0
Dipole-Dipole Forces

These forces are similar to London Dispersion forces, but they occur in molecules that are
permanently polaversus momentarily polar. In this type of intermolecular interaction, a polar
molecule such as water op®l attracts the positive end of another polar molecule with its negative €
of its dipole. The attraction between these two molecules diploée-dipole force.

Energetics Of Phase Changes :

To calculate the energy changes that accompany phase changes.

We take advantage of changes between the gas, liquid, and solid states to cool a drink with ice c{
(solid toliquid), cool our bodies by perspiration (liquid to gas), and cool food inside a refrigerator (
to liquid and vice versa). We use dry ice, which is soli¢,@® a refrigerant (solid to gas), and we
make artificial snow for skiing and snowboarding ansforming a liquid to a solid. In this section,
we examine what happens when any of the three forms of matter is converted to either of the oth
two. These changes of state are often calleke changes

3

N & oo @

Gas ) ’

Heat foYe’
Vaporization ) Condensation Deposition
AHyap > 0 H,O(D) AH = AH =

- ) AHyap < O AHsup <0
Liquid i .r,. o a = ..

"‘ @ . . (= L@ 4
Heat Heat - Q’ ‘ 4 '; . 7 Cool

- y o0
Sublimation Fusion . wa Freezing
AHeup > O AHgye > O H,O(s) AH =

—AHgys < O

>

Energy

Energy Changes That Accompany Phase Changes

Phase changes aadwaysaccompanied by a change in the energy of a system. For example,
converting a liquid, in which the molecules are close together, to a gas, in which the molecules ar
average, far apart, requires an input of energy (heat) tolggvmolecules enough kinetic energy to
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allow them to overcome the intermolecular attractive forces. The stronger the attractive forces, th¢

more energy is needed to overcome them. Solids, which are highly ordered, have the strongest
intermolecular interaadins, whereas gases, which are very

SOLIDS :

KMT and Solids

Now, let's check out some solids:

| KMTAND SOLIDS

® Study.com
= |

Pyrite crystals and phosphorus trioxide molecular
structure

One of these images is of pyrite crystals in their naturally occurring cubic form; the dtieer is
structure of phosphorus trioxide on the molecular scale. YWbaerties of solidsdo you notice?

Solid substances have definite shapes and volumes. Solid particles do move, but not very far! So
particles have relatively little kinetic energy antnrate in place. Because of this, they can't flow like
liquids. Most solids are arranged in a tightly packed crystalline structure. The crystalline structure
orderly, repeating arrangement of particles called a crystal lattice. The shape of theltoyssathe
arrangement of the particles in the solid.

Some solids aren't crystalltshaped. The ones that aren't are called amorphous gatidsphous
solidsdon't have orderly internal structures. Examples of amorphous solids include rubber, pdastic
glass. Wax is also an amorphous solid. It can be molded into any shape and remolded anytime it
warmed up a bit.

Intermolecular Forces

As previously noted, intermolecular forces are the attractive forces between particles. They are
distinctly differentfrom the bonds that occur within particles. The type of intermolecular forces
present depends on the type of particles present.

Hydrogen bondsoccur between polar molecules that contain an oxygen, nitrogen or fluorine atom
covalently bonded to a hydrogatom. The intermolecular attraction happens between the partially
negatively charged oxygen, fluorine or nitrogen and the partially positively charged hydrogen of a
neighboring molecule. Hydrogen bonds are relatively strong intermolecular forces.

Types ofSolids

d

is an

an

There are five main types of solids, each of which has its own properties and structures. Let's haye a

look.

lonic Solids

As we discussed at great lengtianic Compoundsionic solids consist of cations and anions held
together by the strength of their opposite charges. The force that holds oppositely charged particl
together is called an "electrostatic force."
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In lonic Compoundswe treated all ionic solids as if they consisted of crystals in which all the ions

had identical iges. As you can probably guess, ions come in a wide variety of sizes. For example,|i

sodium chloride, the negatively charged chloride ions are much larger than the positively charged
sodium ions. As a result, the structure of sodium chloride is aditterent than you may have been
led to expect. This is illustrated in the following figure:

The type of crystal structure of a particular ionic compound frequently depends on the ratio of the
sizes of the anion and cation.

Metallic Solids

It was explainedhat metals are good conductors of electricity and heat, have high malleability
(bendability), high ductility (can be made into wires), and are shiny. What we never explained wag
why metals exhibit these properties. As it turns out, the properties dsret from the nature of
metallic bonds.

One very simple model used to explain bonding in metals is referred to as the electron sea theory,.
the electron sea theory, the cations in a metallic solid remain in stationary crystalline positions whj

the \alence electrons from each metal are free to wander throughout the entire solid:

electronic -
structure —

#ot
atoms 2 a L 5 eeass many

Figure 12.1n the electron sea theory, the metal nuclei are locked in place and the electrons move
freely through the solid.

This theory does a good job of explaining theparties of metals. Because electrons are able to moy
freely throughout the entire solid, metals are excellent conductors of electricity. The high mobility

electrons also causes metals to conduct heat because they do a good job of dispersing eaesgy. Be

metal nuclei can move from place to place without causing bonds to be broken, metals are both
malleable and ductile.

Though the electron sea theory accurately describes the properties of metals, it glosses over how
electrons are able to wandeedty throughout the solid. After all, didn't we spend a great deal of tim
learning about how electrons exist within orbitals?

Think back to when we discussed hybrid orbit&lsr(ding and Structure in Covalent Compoynds
When an sorbital and threeqorbitals overlap, they form four sp3 orbitals. If aarbitaland two p
orbitals overlap, they form three sp2 orbitals.

In a metal, a similar thing happens. However, unlike covalent compounds, where only a few orbita
mix, all of the metal atoms mix their atomic orbitals (s, and dorbitals) together to form lauge
number of orbitals known as "molecular orbitals.” These molecular orbitals are similar in energy tq
one another and form something called a conduction band:
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As the number of metal atoms increases, the number of molecular orbitals increases. ydrdasal
orbitals become so close in energy that they form a conducting band in which electrons can easily
jump from one orbital to another.

Chemistrivia

The molecular orbital theory that explains electron motion in metals is also referred to as "band
theory."

Because there are more molecular orbitals in the conduction band than there are electrons, it dog
take much energy to raise an electron from a filled orbital to an empty one with higher energy. WH
these electrons jump to empty orbitals, theyatrle to move freely around the metal.

canaucling
p-band band, mada
—_— of svarlapping
%- and p- bands
s-band

In a metal, the difference in energy between filled orbitals and unfilled orbitals is very small. As a
result, it's easy for electrons to jump to empty orbitals where they are free to move around the sol
There ae typically several conducting bands in metals. One band (called-biaads) is caused by an
overlap between all of the@hbitals in the metal. The other bands are called tHeatm" and "eband"
because they result from the overlap o&pd dorbitds, respectively. Because these bands overlap ir
energy, they behave as one large, partially filled band:

When the sand pbands overlap in energy, they form a much larger band that makes it possible fof

metals to conduct electricity.

Other elements amometimes added to metals to give them desired properties such as hardness,
durability, or strength. The resulting material is referred to adlan

There are two types of alloys:

Substitutional alloys form when one of the atoms in a metal is repléted different element. For
example, in sterling silver, some of the silver atoms are replaced with copper.
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Interstitial alloys form when some of the spaces between the atoms in a metal are filled by smalle
atoms. One of the most important interstigitibys is carbon steel, in which carbon atoms are located
between iron atoms.

Molecular Meanings

An alloy is a metallic material in which several elements are present. The elements added to a pu
metal to form an alloy are selected to maximizisired property.

These two types of alloys are shown in the following figure.

The picture on the left represents a substitutional alloy; the picture on the right represents an
interstitial alloy.

Network Atomic Solids

Network atomic solids are formed @ many atoms are bonded together covalently to form one
gigantic molecule. Unlike regular covalent molecules that are generally small, network atomic soli
may grow quite large. One common example of a network atomic solid is a diamond:

P P P
g
s
metal
5 metalloid
nanmetal

The carbon atosin a diamond are all held together by covalent bonds. As a result, diamonds can
thought of as being very large covalent molecules.

Network atomic solids have a wide number of varying properties. They are usually hard, owing to
strong bonds betweareighboring atont for example, diamonds are (currently) the hardest known
material. They also tend to have high melting and boiling points due to the very strong covalent b
Network atomic solids are frequently brittle because a small movement f etdhe crystal tends to
disrupt the network of covalent bonding. Aside from diamonds, some common network atomic so
are quartz (SiO2), graphite, and silicon.

When elements form network atomic solids, their atomic orbitakn@ porbitals) overlago form
conducting bands in the same way that metals do. However, there is one major difference in the
structure of the bands between metals, nonmetals, and metalloids. Whereasithelbsnds overlap

in metals to form a giant conducting band, they tdoin'either nonmetals or metalloids, making it
difficult for either to conduct electricity:
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Left to right: the sand pbands for metals, nonmetals, and metalloids. Note the large energy gap
between the-aand pbands for nonmetals (causing them tarslators) and the small energy gap for
metalloids (making them semiconductors).

Because the-and pbands overlap in metals, they are good conductors of electricity. In nonmetals
there is a large energy gap between these bands (called, straightfpevenagh, the "band gap"),
making it difficult for electrons to travel from one to anothers a result, they are good insulators. In
metalloids, the band gap is small, which means that it is possible for electrons to jump from one band
to another, causintipem to conduct partially. This explains why metalloids are called
"semiconductors."

The Mole Says

A few network atomic solids, such as graphite, conduct electricity. However, these are much less
common than insulating network atomic solids.

Molecular Solds

So far, we've talked about solids that are held together by chemical bonds. However, what happens
when we make a solid from small covalent compounds, such as water, to form ice?

As it turns out, covalent molecules interact with one another througtsfefered to as
"intermolecular forces."” Though we will spend more time speaking about intermolecular forces

in Liquids and Intermolecular Forgegu can think of them as being Scotch tape in a world of Crazy
Glue covalent bonds and ionic attractions. Though intermolecular forces don't possess nearly the
strength of ionic attractions or covalent bonds, they are still strong enough to hold conadé&mitles
together in a solid. One example of a molecular solid is ice:

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Page57



https://www.infoplease.com/math-science/chemistry/chemistry-liquids-and-intermolecular-forces

The dotted lines in this structure correspond to the intermolecular forces holding the water molect
together in the crystal.

Intermolecular forces are weaker trdremical bonds, making molecular crystals less tightly held
together than other forms of crystals. As a result, molecular solids frequently have low melting po
and are easily broken apart. Molecular solids are also extremely poor conductors oiteléciae

from ice, other examples of molecular solids are sugar and dry ice.

Atomic Solids

Atomic solids are formed when the noble gases become cold enough to freeze. As with molecula
solids, there are very weak intermolecular forces known as "Londperdion forces" that hold these

es

nts

atoms together. Because their interactions are extremely weak, frozen noble gases tend to be soft anc

have very low melting points. (Séejuids and Intermolecular Forcésr more about London
dispersion forces.)
Amorphous Solids

Some solids don't have a particular structure. Instead of being arranged into a regular crystal latti¢

the atoms bond in irregular andnmepeating patterns. These materials are referred to as amorphou
solids.

As a result of this unusual bonding, amorphous solids have a very wide range of properties. Som
amorphous solids, such as window glass, are hard, brittle, and have a high meitingtple other
amorphous solids, such as rubber or plastic, are soft and have very low melting points

Crystal Lattice

Introduction

In a crystal lattice there is the parallelepiped constructed from vectors which correspond to
translational periods calladhit cells. These can be chosen in different ways. Commonly, unit cells &
chosen so that its vertex coincides with one of the atoms of the crystal. Then lattice sites are occy
by atoms, and of the atoms of the crystal. Thus, the lattice sites apgeatby atoms, and vectors that
connect the nearest equivalent atoms. The unit cell contains at least one atom of each of the type
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make up the crystal. Providing that the unit cell is made up of only one type of atom, it is called
monatomic, anymorthan that and it is polyatomic. Correspondingly a monatomic lattice is often
identified as a simple lattice and a polyatomic one, a composite lattice. One such example is tabld
NacCl

SEVEN CRYSTAL SYSTEMS

A crystal system is a group of crystal stiues that are organized according to their axial system us¢

to describe their lattice. The following types are pictured and described below.

CuBIC

This is the cubic crystal system. The cubic crystal system is also known as the isometric system.
chaacterized by its complete symmetry. This system contains three crystallographic axes, which
perpendicular to each other, as well as all equal in length. These axes are all at angles 90° to ong
another. The cubic system contains one lattice pointcht @ats four corners, and has six faces.
HEXAGONAL

The hexagonal crystal system contains four crystallographic axes. These consist of three equal
horizontal axes at120° of each other. It has one vertical axis which is perpendicular to the other th

which maybe shorter or longer than the other three, horizontal axes. It is composed of eight faces.

TETRAGONAL

A tetragonal crystal is a simple cubic shape that is extended along its vertical axis to create a
rectangular prism. It consists of a square laamktop, as well as three axes. These axes have one
perpendicular and two horizontal with angels of 90°. Like the cubic system it is composed of six fd
RHOMBOHEDRAL

The rhombohedral is a trigonal system, that has a-thireensional shape similar to a cube, but it has
been inclined to one side making it oblique. It consists of three axes, one vertical and two horizon
all laid perpendicular to one another. Thesesaate at angles of 90° to one another. The rhobohedra
is composed of six faces, although since the faces are not square ttmeyeacemmonly known as
rhombi.

ORTHORHOMBIC
Orthorhombic crystal systems consist of three axes. These axes are mutually perpendicular havin
different lengths. Yet, the axes angles are all equidistant laying at 90° to each other. The orthorhg
has six faces.

MONOCLINIC

A monoclinic system hathree unequal axes. The vertical and forward facing axes are inclined tow
each other at an oblique angle, and the horizontal axis is perpendicular to the other two axes, thig
known as the ortho axis. These angles are all arranged 90° to eack ottmgroclinic system is made
up of six faces.

TRICLINICA

triclinic system is made up of three unequal crystallographic axes. The axes intersect at oblique
angles. These angles are 90° to one another. The triclinic system has six faces.

GASES :
https://courses.lumenlearning.chntrochem/chapter/kinetimoleculartheoryandgas
laws/#:~:text=Kinetic%20Molecular%20Theory%20states%20that,proportional%20t0%20absolutg
Otemperature%20only.
https://ch301.cm.utexas.edu/section2.php?target=gasé¢seEavogadrdaw.htmi
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https://courses.lumenlearning.com/introchem/chapter/kinetic-molecular-theory-and-gas-laws/#:~:text=Kinetic%20Molecular%20Theory%20states%20that,proportional%20to%20absolute%20temperature%20only.
https://courses.lumenlearning.com/introchem/chapter/kinetic-molecular-theory-and-gas-laws/#:~:text=Kinetic%20Molecular%20Theory%20states%20that,proportional%20to%20absolute%20temperature%20only.
https://ch301.cm.utexas.edu/section2.php?target=gases/gas-laws/avogadro-law.html

https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry
The_Central_Science (Brown_et_al.)/10%3A_Gases/10.4%3A_The_ldeal _Gas_Equation
https://chem.libretexts.org/Bookshelves/Physical and Theoretical Chemistry Textbook Maps/S
emental_Modules_(Physical_and_Theoretical Chemistry)/Physical Properties_of Matter/States |
Matter/Properties_of Gases/Gas_Laws/Dalton's_Law_(Law_of Partisduresk
https://chem.libetexts.org/Bookshelves/Physical_and_Theoretical Chemistry Textbook Maps/Mg
3A_Physical_Chemistry for_the Biosciences (Chang)/02%3A _ Properties_of Gases/2.9%3A G
m's_Laws_of Diffusion_and_Effusion

https://science.jrank.org/pages/2928/Gases
Liquefaction.html#:~:text=Liguefaction%200f%20gases%20is%20the,gaseous%20t0%20the%20|
d%20state.
https://futurism.com/plasmtnefourth-stateof-matter2
LIQUIDS :
https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A Principles of Modern Ché
try (Oxtoby et B)/UNIT_3%3A THE STATES OF MATTER/10%3A Solids%2C_Liquids%2C
and_Phase Transitions/10.1%3A_Bulk Properties of Liguiddolecular Interpretation

SOLIDS :

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A_ Principles of MobemisC

try (Oxtoby et al.)/JUNIT _3%3A THE_STATES OF MATTER/10%3A Solids%2C_Liquids%2C|

and_Phase Transitions/10.1%3A_Bulk Properties of Liguid4olecular Interpretation
https://www.infoplease.com/mattience/chemistry/chemisttypesof-solids
https://chem.libretexts.org/Bookshelves/Physical and Theoretical Chemistry Textbook Maps/S
emental_Modules_(Physical_and_Theoretical Chemistry)/Physical Properties_of Matter/States |
Matter/Properties of Solids/Crystal Lattice

WORKSHEET :

Boyl ebs Law
An introduction to the relationship between pressure and volume, and an explanation of how to

solve gas problems with Boyle's Law
Example:

At 1.70 atm a sample of gas takes up 4.25L. If the pressure in the gas is increased to 2.40 atm, W
will the new volume be?

Understanding and applying Boyle's Law

Example:

A sample of Ne gas occupies 0.220L at 0.86 atm. What will be its volume at 29.4kPa?

Charl ebs Law

What is the relationship between volume and temperature of a gas and how to solve problems
using Charles' Law?

Example:

A balloon takes up 625L at 0°C. If it is heated to 80°C, what will its new volume be?
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https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Gases/Gas_Laws/Dalton's_Law_(Law_of_Partial_Pressures)
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Gases/Gas_Laws/Dalton's_Law_(Law_of_Partial_Pressures)
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Gases/Gas_Laws/Dalton's_Law_(Law_of_Partial_Pressures)
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Map%3A_Physical_Chemistry_for_the_Biosciences_(Chang)/02%3A_Properties_of_Gases/2.9%3A_Graham's_Laws_of_Diffusion_and_Effusion
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Map%3A_Physical_Chemistry_for_the_Biosciences_(Chang)/02%3A_Properties_of_Gases/2.9%3A_Graham's_Laws_of_Diffusion_and_Effusion
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Map%3A_Physical_Chemistry_for_the_Biosciences_(Chang)/02%3A_Properties_of_Gases/2.9%3A_Graham's_Laws_of_Diffusion_and_Effusion
https://science.jrank.org/pages/2928/Gases-Liquefaction.html#:~:text=Liquefaction%20of%20gases%20is%20the,gaseous%20to%20the%20liquid%20state.
https://science.jrank.org/pages/2928/Gases-Liquefaction.html#:~:text=Liquefaction%20of%20gases%20is%20the,gaseous%20to%20the%20liquid%20state.
https://science.jrank.org/pages/2928/Gases-Liquefaction.html#:~:text=Liquefaction%20of%20gases%20is%20the,gaseous%20to%20the%20liquid%20state.
https://futurism.com/plasma-the-fourth-state-of-matter-2
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Principles_of_Modern_Chemistry_(Oxtoby_et_al.)/UNIT_3%3A_THE_STATES_OF_MATTER/10%3A_Solids%2C_Liquids%2C_and_Phase_Transitions/10.1%3A_Bulk_Properties_of_Liquids_-_Molecular_Interpretation
https://www.infoplease.com/math-science/chemistry/chemistry-types-of-solids
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Solids/Crystal_Lattice
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Solids/Crystal_Lattice
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Solids/Crystal_Lattice

Understanding and applying Charles'Law

Example:

A gas at 40.0°C occupies a volume of 2.32L. If the temperature is raised to 75.0°C, what will the 1
volume be if the pressure is constant?

Ideal Gas Law :

Understanding and applying the ideal gas law
Example:

What is the pressure in atma0.108 mol sample of the gas at a temperature of 20.0°C if its volumg
is 0.505L7?

Sample problems for using the Ideal Gas Law, PV = nRT
Examples:

1) 2.3 moles of Helium gas are at a pressure of 1.70 atm, and the temperature is 41°C. What is th
volume ofthe gas?

2) At a certain temperature, 3.24 moles of.@@&s at 2.15 atm take up a colume of 35.28L. What is
this temperature (in Celsius)?

Grahamés Law Of Diffusion:
1)If carbon dioxide molecules effuse at an average rate of 5 mol/s, at what rate would diatomic
hydrogen molecules effuse in the exact same conditions?

2)Calculate the relative rates of diffusion of(¢) and Bs(g) at the same temperatures.

Dal t on 0 s rtidl Bressu@f P a

1)What is the relationship between volume and temperature of a gas and how to solve problems
Charles' Law? Example: A balloon takes up 625L at 0°C. If it is heated to 80°C, what will its new
volume be?

2)If I place 3 moles of N2 andmoles of 02 in a 35 L container at a temperature of 25° C, what will
the pressure (in atm) of the resulting mixture of gases be?

Practical # 02
91 Determine theate of diffusion by two different gas at constant volume
1 How to obtained serurinom bloodby centrifugingmethod
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CHAPTER 4

NTHEORI ES OF COVALENT BONDI NG & SHA
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linear linear
trigonal bent or
planar angular
tetrahedral rigona i
pyramidal trigonal octahedral
bipyramidal
INTRO DUCTION:
Major concepts:
1 Shape of the molecule
1 Types of chemical bond
1 Theories of covalertionding
1 Effects of bonding on physical and chemical properties
Conceptual linkage
This unit is built on,
1 Why do atoms form bond.
9 Intermolecular forces
1 Types of chemical bond
LEARNING OUTCOMES
Students will be able to Analyzing Applying | Understanding
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1 Use VSEPR and VBT theories to "H
describe the shapes of simple covalen .
molecules.

1 Descrbe the features of sigma and "H
pbonds. .

1 Describe the shapes of simple molecu "H
using orbital hybridization. .

1 Describe how knowledge of molecular "H
polarity can be used to explain some .
physical and chemical properties of
molecules.

1 Predict the molecular polarity from the "H
shapes of molecules. .

1 Define bond energies and explain how "H
they can be used to compare bond .
strength of different chemical bonds.

1 Determine the shapes of some molecules ”
from the number of bonded pairs and lone H
pairs of electrons around the central atom

1 Describe the difference among "H
molecular, network and metallic solids .

1 Explain what is meant by the term ioni "H
character of a covalent bond. .

SKILLS Analyzing| Applying | Understanding

1 Use balls and stick model to represent differ "H
molecular shapes .

1 Guess the physical state of molecule from itg "H
structure. .

SOCIETY TECHNOLOGY AND SCIENCE

Students will be able to
U Explain how hydrogen bond and covalent disulpltiddge are responsible for straight and curly hairs.

(Applying)

Related videos
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v ~ A pi bond is formed by sideways overlap of atomic
v l ' PES OF HYBRIDIZAT'ON v TYPES OF HYBRIDIZAT'ON orbitals. This results in electron density above and
~) 4 below the plane of the nuclei of the bonding atoms.

Types of hybridization part | and Il Sigma and Pi bond

VSEPR Theory
Predicting the Shapes of Molecules

VSEPR Theory - Assumption 4

e®

Water (H,0)

Polarity & ” »

Hydrogen Bonds ‘ -«

pujsionghan b e

Hydrogen bond Pdts & hydrogen bonds . VSIIEAPR”ThVeory ‘

Chapter overview
(THEORITICAL)

Chemical Bonding

Force of attraction between two or more than two atom in a molecule is known as chemical bondi
Chemical Bonding refers to the formation afteemical bond between two or more atoms, molecules, or ions to giv
rise to a chemical compounthese chemical bonds are what keep the atoms together in the resulting compound

Table of Content

Lewis Theory
Kossel 6s Theory

Typesof Chemical Bonds
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lonic Bond
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Lewis Structures

1
1 Bond Characteristics
1 Resonance in Chemical Bonding

M London Dispersion Forces

The attractive force which holds various constituents (atom, ions, etc.) together and sii&zes them by the
overall loss of energy is known as chemical bondingherefore, it can be understood thatmical compouncare
reliant on the strength of the chemical bonds between igit@nts; The stronger the bonding between the
constituents, the more stable the resulting compound would be.

Important Theories on Chemical Bonding

Albrecht Késsebnd Gilbert Lewis were the first to explain the formation of chemical bonds
successfully in the year 1916. They explained chemical bonding on the basis of the inertness of n
gases.

Lewis Theory of Chemical Bonding

T Anatom can be viewed asapositwel c har ged O Ker nel 6 detihrg n
and the outer shell.

The outer shell can accommodate a maximum of eight electrons only.

The eight electrons present in the outer shell ocdugygdrners of a cube which surround the
6Kernel 6.

1 The atoms having octet configuration, i.e. 8 electrons in the outermost shell, thus symboliz
stable configuration.

T Atoms can achieve this stable configuration by forming chemical bonds withabtimes. This
chemical bond can be formed either by gaining or losing an electron(s) (NaCl, MgClI2) or in
some cases due to the sharing of an electron (F2).

1 Only the electrons present in the outer shell, also known asithece electrorntake part in
the formation of chemical bonds. Gilbert Lewis used specific notations better known as Lev
symbols to represent these valence electrons.

1 Generally, the valency of an element is either equal tadh®er of dots in the corresponding
Lewis symbol or 8 minus the number of dots (or valence electrons).

Lewis symbols for lithium (1 electron), oxygen (6 electrons), neon (8 electrons) are given below:

Li= s O= tNe-=*
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Here, the number of dots that surround the respesyindol represents the number of valence
electrons in that atom.

Kossel 6s theory of Chemical Bonding

1 Noble gases separate the higalgctronegativbalogens and the highly electropositiveadilinetals.

1 Halogens can form negatively charged ions by gaining an electron. Whereas alkali metals can forn
positively charged ions by losing an electron.

1 These negatively charged ions and positively charged ions have a noble gas configuration that is 8
electrons in the outermost shell. The general electronic configuration of noble gases (except heliun
given by nénp®.

1 As unlike charges attract each other these unlike charged particles are held together by a strong fgrce o
electrostati@ttraction existing between them. For example, MgClI2, the magnesium ion, and chlorin
ions are held together by force of electrostatic attraction. This kind of chemical bonding existing
between two unlike charged particles is known as an electrovalent bond

N—r
(7).

13%

Explanation of Kossel Lewis Approach

In 1916 Kossel and Lewis succeeded in giving a successful explanation based upon the concept pf an
electronic configuration of noble gases about why atoms combine to form molecules. Atarh&of
gasedave little or no tendency to combine with each other or with atoms of other elements. This
means that these atoms must be having stable electronic configurations.

Due to the stable odiguration, the noble gas atoms neither have any tendency to gain or lose
electrons and, therefore, their combining capacity or valency isTdeeg.are so inert that they even
do notform diatomic molecules and exist as monoatogaiseous atoms.

Types & Chemical Bonds

When substances participate in chemical bonding and yield compounds, the stability of the resulting
compound can be gauged by the type of chemical bonds it contains.

The type of chemical bonds formed vary in strength and properties. diteeeprimary types of
chemical bonds which are formed by ms or moleculeto yield compounds. These types of chemica
bonds include:

T lonic Bonds
1 Covalent Bonds
1 Hydrogen Bonds
1 PolarBonds
These types of bonds in chemical bonding are formed from the loss, gain, or sharing of electrons

between two atoms/molecules.
lonic Bonding

lonic bonding is a type of chemical bonding which involves a transfer of electrons from one atom pr
molecule to another. Here, an atom loses an electron which is in turn gained by another atom. When
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such an electron transfer takes place, one of the atevesops a negative charge and is now called
the anion.

The other atom develops a positive charge and is called the cationntheondgains strength from
the difference in cirge between the two atoms, i.e. the greater the charge disparity between the ction
and the anion, the stronger the ionic bond.

NS

Types of Chemical Bondslonic bonding

Covalent Bonding

A covalent bondndicates the sharing of electrons between atoms. Compounds that contain carbon
(also called organic compounds) commonly exhibit this type of chemical bonding. The pair of
electrons which are shared by the two atoms now extend around the nuclei ofedding,to the

creation of a molecule.

@Electron from hydrogen
s Electron from carbon

Covalent Bonding

Polar Covalent Bonding

Covalent bonds can be either be Polar or-Rotar in nature. In Polar Covalent chemical bonding,
electrons are shared unequally since the more electronegative atom peléstioan pair closer to
itself and away from the less electronegative atom. Water is an example of such a polar molecule|

A difference in charge arises in different areas of the atom due to the uneven spacing of the electfons
between the atoms. One endiwé molecule tends to be partially positively charged and the other erd
tends to be partially negatively charged.

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Page68



https://byjus.com/chemistry/ionic-bond-or-electrovalent-bond/
https://byjus.com/jee/covalent-bond/

Hydrogen Bonding

Compared to ionic and covalent bonding, Hydrogen bonding is a weaker form of chemical bondinf. It
is a type of polacovalent bonding between oxygen and hydrogen wherein the hydrogen develops a
partial positive charge. This implies that the electrons are pulled closer to the more electronegative
oxygen atom.

This creates a tendency for the hydrogen to be attracted Wardegative charges of any
neighbouring atom. This type of chemical bonding is calleddaogen bon@nd is responsible for
many of the properties exhibited by water.

Ha+ ™

\O”'”'"'H—O/,,
5+ 0~

/ 5~

Hydrogen Bonding

What is lonic Bond?

The bond formed as a result of strong electrostatic forces of attraction between a positively and
negatively charged species is callecc&tirovalent or ionic bondhe positively and negatively

charged ions are aggregated in an ordered arrangement called the crystal lattice which is stabiliz¢d by
the energy callethe Lattice enthalpy.

Conditions for the formation of an lonic Bond

1 The low ionization energy of the atom forming the cation.
1 High electron gain enthalpy of the atom forming the anion.
1 High negative lattice enthalpy of the crystal formed.
Generally, theanic bond is formed between a metal cation andmetal anion.

Writing Lewis Structures

The following steps are adopted for writing thewis dot structureer Lewis structures:

Step 1:Calculate the number of electrons required for drawing the structure by adding the valencg
electrons of the combining atom=or Example, in methane, CkEmolecule, there are 8 valence
electrons (in which 4 belongs to carbon while other 4 to H atoms).

Step 2:Each negative charge i.e. for anions, we add an electron to the valence electrons and for ¢ach
positive charge i.e. for cations we subtrace electron from the valence electrons.
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Step 3:Using the chemical symbols of the combining atoms and constructing a skeletal structure
the compound, divide the total number of electrons as bonding shared pairs between the atoms if
proportion to thedtal bonds.

Step 4:The central position in the molecule is occupied by the feastronegative atonHydrogen
and fluorinegenerally occupy the terminal positions.

Step 5 After distributingthe shared pairs of electrons for single bonds, the remaining electron pair
are used for multiple bonds or they constitute lone pairs.

The basic requirement is that each bonded atom getstanof electrons

Example 1:Lewis formula for carbon monoxide, CO

Step 1:Counting the total number of valence electrons of carbon and oxygen atom&2|€) RO
(282p") 4 + 6 = 10 that is, 4(C) + 6(0) = 10

Step 2:The skeletastructure of carbon monoxide is written as CO

Step 3:Drawing a single bond between C and O and completing octet on O, the remaining two
electrons are lone pair on C.

:E!—C:.':::

Step 4:This does not complete the octet of carbon, and hence we have a triple bond.

2 @

:C=0:
Example 2:Lewis Structure of nitrite, N

Step 1:Counting the total number of valence electrons of one nitrogen atom, two oxygen atoms a
the additional one negative charge (equal to one electron). Total Number of valence electrons is:
(252p%) + 20(25°2p%) + 1 (negative charge) => 5+ 2(6) +1=18e

Step 2:The skeletal structure of nitrite ion is written ad\Na&D
Step 3:Drawing a single bond between nitrogen and each oxygen atdrmi 10O

Step 4:Complete the octets of atoms.

[-<5=~3==0 |

This structure doeson complete octet on N if the remaining two electrons constitute of a lone pair @
it. Therefore, we have a double bond between one N and one of the two O atoms. The Lewis stru
is
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Problems:

1. Write the Lewis structure for the following.
2. COs* b) CN ¢) SG*

Bond Characteristics

Bond Length

During chemical bonding, when the atoms come closer to each other, the attraction takes place
between them and the potential energy of the system keeps on decreasing till a particular distanc
which thepotential energy is minimum. If the atoms come more closer, repulsion starts and again
potential energy of the system begins to increase.

At equilibrium distance, the atoms keep on vibrating about their mean position. The equilibrium
distance betweemé centres of the nuclei of the two bonded atoms is call&brid length.

It is expressed in terms of an angstrorf) @ picometer (pm). It is determined experimentally by x
ray diffraction or electron diffraction method or spectroscopic method. Thelbogth in chemical
bonding is the sum of their ionic radii, in an ionic compound.dnwlent compourndt is the sum of
their covalent radii. For a covalent molecule AB, the bond length is giver by+ 1,

Factors Affecting the Bond length

T Size of the atomsThe bond length increases with increase in the size of the atom. HI > HB
HCI > HF

T The multiplicity of Bond: The bond length decreases with an increase in bond order.

1 Type ofhybridization: A6s & or bit al i's smaller in siz
bond length.

Bond Enthalpy

e at
the

D

When atoms come close together the energy is released due to the chemical bonding between them.

The amount of energy required to bresde mole of bonds of a type so as to separate the molecule
into individual gaseous atoms is calleohd dissociation enthalpy or Bond enthalpyBond enthalpy
is usually expressed in KJ mbol

Greater is the bond dissociation enthalpy, greater is the b@mdjth. Fordiatomic moleculefike Ho,
Clz, O, N2, HCI, HBr, HI the bond enthalpies are equal to their dissociation enthalpy.
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In the case of polyatomic molecules, bond enthalpre usually the average values, because the
dissociation energy varies with each type of bond.

In H20, first O-H bond enthalpy = 502 KJ/mol; Second bond enthalpy = 427 KJ/mol Average bond
enthalpy = (502 + 427) / 2 = 464.5 KJ/mol

Factors Affecting Bond Enthalpy in Chemical Bonding

Size of the Atom

Greater the size of the atom, greater is the bond length and lessdsitheissociation enthalpe.
less is the bond strengdluring chemical bonding.

Multiplicity of Bonds
Greater is the multiplicity of the bond, greater is the bond dissociation enthalpy.
Number of Lone Pair of Electrons Present

More the number of lone pair of electrons present on the bonded atoms, greateepsikion
between the atoms and thus less is the bond dissociation enthalpy of the chemical bond.

Bond Angle

A bond is formed by the overlap of atomic orbitals. The direction of overlap gives the direction of the

bond. The angle between the lines repndeg the direction of the bond i.e. the orbitals containing th¢
bonding electrons is called thend angle.

H F

H 109°28" 120°
H/C\;u AN Al /'Iﬂ\

H 104.5°
H H H F F

Factors Affecting Bond Enthalpy in Chemical Bonding
Bond Order

In Lewis representation, the number of bonds present between two atmatiedshebond order.
Greater the bond order, greater is the stability of the bond during chemical bonding i.e. greater is
bond enthalpy. Greater the bond order, shorter is the bond length.

Resonance in Chemical Bonding

There are molecules and ioms fvhich drawing a single Lewis structure is not possibde.example,
we can write two structures okO
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In (A) the oxygeroxygen bond on the left is a double bond and the oxpgggen bond on the right
is a single bond. In B the situation is jtis¢ opposite. The experiment shows, however, that the two
bonds are identical.

Therefore neither structure A nor B can be correct. One of the bonding pairs in ozone is spread o
the region of all three atoms rather than localized on a particular exyggen bond. This

delocalized bonding is a type of chemical bonding in which bonding pair of electrons are spread g
number of atoms rather than localized between two.

O
-'-""’:’- =S
Jo =5 o

- - -~

(D

Structures (A) and (B) are calledsonating or canonical structuard (C) is the resonance hybrid.
This phenomenon is called resonance, a situation in which more than one canonical structure car
written for a species. The chemical activity of an atom is determindtelhyumber of electrons in its
valence shell. With the help of the concept of chemical bonding, one can define the structure of a
compound and is used in many industries for manufacturing produwetsdh the true structure

cannot be written at all.

Someother examples:

T COZ ion

s
| — L —
o o7 Ny 0

0

1 Carbonoxygen bond lengths in carboxylate ion are equal due to resonance.

R G e

17 Benzene
1 Vinyl Chloride

H=0C —j,_ e msor H2C—.\\\ )

iz

= -
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The difference in the energies of the canonical forms and resonance hybrid is called resonance
stabilization energy.

London Dispersion Forces

Another form of chemical bonding is caused by London dispersion forces. These forces are weak
magnitude.

n

LONDON DISPERSION FORCES

0-QQ

Uneven distribution of Instantaneous Induced dipole
electrons in He dipole On neighboring He

Chemical Bonding London Dispersion Forces
These forces occur due to a temporary charge imbalance arising in an atom. This imbalance in the
charge of the atom can induce dipoles on neighbouring atoms. For example, the temporary positijye
charge on one area of an atom can attract the neighbouriatveecharge.

FAQs on Chemical Bonding and Molecular Structure

Why atoms react and how?

Atoms having eight electrons in their last orbit are stable and have no tendency to react. Atoms having
less than eight electrons, then react with other atomstteight electrons in their outermost orbit, and
become stable. Atoms having slightly excess than eight electrons may lose them, to atoms, who, jare
short of eight. Atoms that cannot either loss or gain, may share to get octet configuration. Molecules
shot of octet configuration even after the reaction, may accept lone pair of electrons present in other
atoms or molecules.

Name the forces that keep reacting atoms together?

In metals, outer orbitals of atoms overlap and so the electrons present in thenbelmmng to any

particular atom but flows over to all atoms as well and binds them all together (metallic bonding).
Atoms that have to lose and gain electrons, becomes ions and are held together by the electrostatic
forces of attraction (lonic Bond). Whatoms equally give and share electrons, the shared electrons
becomes the unifying force between them (covalent bond). Eled#fizient and free lone pair
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containing molecules may again and satisfy the octet thirst of the eleetficient atom. The sihed
electron bridges the electroith atom with electromleficient atom (coordinate bond).

What are the hybridized orbitals? What are the uses of it?

Relatively similar energy sdbrbitals, may merge and form a new set of the same number of orbital
having the property of all the contributing orbitals in proportion to their numbers. These orbitals
arehybridized orbitalsThey are useful in explaining the similarity in bond length, bond angles,
structue, shape and Magnetic properties of molecules.

Sp’ and dspare four hybridized orbital. But one is the tetrahedral shape and other square planar.
Why?

Sp’ orbitals are formed from the-subshell with uniform electron distribution around the nucleus ang

of p-subshell with distribution in the three vertical axis. Hybridized orbitals, hence have their electron

distribution in three dimensions, as tetrahednactions.

In ds# all the orbitals involved | hybridization have their electron distribution around the same plar
Hence the hybridized orbitals also are in the same plane giving rise to square planar geometry.
The oxygen molecule is paramagnetic. Is #re an explanation?

Oxygen atom shares two electrons, each with another oxygen atom to form the oxygen molecule|
Oxygen molecule exhibits paramagnetic nature indicating unpaired electronsgeular orbital

theoryhas been proposed to explain this. According to this theory, atoms lose their orbitals and rather

form an equal number of orbital covering the entire molecule and hence the name molecular orbit
Filling up of, these orbitals in areasing energy order leaves unpaired electron explaining the
paramagnetic behaviour of oxygen molecule.

Reference page/site.
https://byjus.com/jee/fajansrule/

1 VSEPR THEORY

VSEPR Theory is used to predict the shape of the molecules from the electron pairs that surroung
central atoms of the molecule. The theory was first presented by Sidgwick and Powell in 1940.
VSEPR theory is based on the assumption that the moleculakdlbtshape such that electronic
repulsion in the valence shell of that atom is minimized.

Table of Content

Postulates

Limitations

Shapes of Molecules

What is VSEP Number?

VSEPR Theory and Shapes of Molecules
Frequently Asked Questions
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What is VSEPR Theory?

The Valene Shell Electron Pair Repulsion Theory abbreviated as VSEPR theory is based on the pr
that there is a repulsion between the pairgaténce electronis all atoms, and the atoms will always
tend to arrange themselves in a manner in which this electron pair repulsion is minimalized.
arrangement of the atom determinesghemetry of the resulting molecule.

The different geometries that molecules can assume keeping with VSEPR theory can be seen
illustration provided below.

Number of Electron- ) Molecular Geometry
Electron Pair No Lone
Dense Areas | Geometry Pairs
2 Linear *—o—
g - 4 Linear
3 o
|}
Trgonal l'
S planar
- = Trigonal
planar
r 9
i N Tetrahedral .,/Q\.. °
A Tetrahedral | Trigonal
pyramidal Bent
5 = ® 9
|} r ° 9
~s.ec | Trigonal e e e
~ bipyramidal Bl i °
| Trigonal Sawhorse | T-shaped
bapyramadal
6 >
_ > 5030 o
T Octahedral ®
! Octahedral Square Square
pyramidal planar

VSEPR Theoryi Different Geometries that Molecules can Assume

The two primary founders of théSEPR theory are Ronald Nyholm and Ronald Gillespie. This theofy

is also known as the Gillespiyholm theory to honour these chemists.
Also Read

Chemical Bonding
Covalent Bond
Hydrogen Bonding
Hybridization

1 Molecular Orbital Theory

According to the VSEPR theory, the repulsion between two electrons is causedaylirexclusion

principlethat has greater importance thelectrostatic repulsion in the determination of moleculay
geometry.

=A =4 -4 =4
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Postulates of VSEPR Theory:
The postulates of the VSEPR theory are listed below

il

Limitations of VSEPR Theory:

Some significant limitations of the VSEPR theory include:

il

Predicting the Shapes of Molecules:

Thefollowing steps must be followed in order to decide the shape of a molecule.
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In polyatomic molecules (i.e. molecules made up of three or more atoms), one of the consti
atoms is ieéntified as the central atom to which all othewsms belonging to the molecdes
linked.

The total number of valence shell electron pairs decides the shape of the molecule.

tuent

The electron pes have a tendency to orient themselves in a way that minimizes the election

electron repulsion between them and maximizes the distance between them.

The valence shell can be thought of as a sphere wherein the electron pairs are localized
surface m such a way that the distance between them is maximized.

Should the central atom of the molecule be surrounded by bond pairs of electrons, ther
asymmetrically shaped molecule can be expected.

Should the central atom be surrounded by both lone padsband pairs of electrons, the
molecule would tend to have a distorted shape.

The VSEPR theory can be applied to esxtonance structuof a molecule.
The strength of the repulsion is@tgest in two lone pairs and weakest in two bond pairs.

If electron pairs around the central atom are closer to each other, they will repel each other
results in an increase in the energy of the molecules.

If the electron pairs lie far from eadther, the repulsions between them will be less an
eventually, theenergy of the moleculwill be low.

This thewoy fails to explain isoelectronic species (i.e. elements having the same numbe
electrons). The species may vary in shapes despite having the same number of electrons.

The VSEPR theory does not shed any light on the compounidsieftion metalsThe structure
of several such compounds cannot be correctly described by this theory. This is becaus

bn th

the

This

d
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VSEPR theory does not take into account the associated sizes of the substituent grthas gnd

lone pairs that are inactive.

Another limitation of VSEPR theory is that it predicts that halides of group 2 elements will h
a linear structure, whereas their actual structure is a bent one.
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1 The leastlectronegativatom must be selected as the central atom (since this atom hasj|the
highest ability to sharits electrons with the other atoms belonging to the molecule).

1 The total number of electrons belonging to the outermost shell of the central atom mugt be
counted.
T The total number of electrons belonging to other atoms and used in bonds with the wantral ja
must be counted.

1 These two values must be added in order to obtain the valence shell electron pair number jor th
VSEP number.

What is VSEP Number?

The VSEP number describes the shape of the molecule, as described in the table provided below.

VSEP Number Shape of the Molecule
2 Linear

3 Trigonal Planar

4 Tetrahedral

5 Trigonal Bipyramidal

6 Octahedral

7 Pentagonal Bipyramidal

Each of these corresponding shapes can also be found in the illustration provided earlier. Howevgr, th
VSEPR theory cannot be used to obtain the exactl anglebetween the atoms in a molecule.

Now, we will discuss each shape in detail:
Linear Shape of Molecule:

In this type ofmolecule, we find two places in the valence shell of the central atom.

They should be arranged in such a manner such that repulsion can be minimized (pointing
the opposite direction).

1 Example: BeR

in
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Trigonal PlanaShape of Molecule:

In this type ofmolecule, we find three molecules attached teratral atom.

They are arranged in such a manner such that repulsion between the electrons can be
minimized (toward the corners of anuilateratriangle).

T Example: BFs

TetrahedraBhape of Molecule:

1 In two-dimensional molecules, atoms lie in the same plane and if we place these conditions
onmethanewe will get a square planar geometry in @ththebondangle between HC-H is

90’

1 Now, if we consider all these conditions for a thdemensional molecule, we will get a
tetrahedral molecule in which the bond angle betwe&itis 1092 8(fbward the corners of
an equilateral triangle) CH

Trigonal BipyramidShape of Molecule:

T Letds t ake a.Here reulsignican beonfinimiz&d by even distribution of
electrons towards the corner offmonal pyramid In trigonal bipyramid, threpositions lie
along the equator of the molecule. The two positions lie along an axis perpendicular to the
equatorial plane.

How can the VSEPR Theory be used to Predict the Shapes of Molecules?

The strength of the repulsion between a lone pair and a lzondflectrons lies in between the
repulsion between two lone pairs and between two bond pairs. The order of repulsion between el
pairs as follows:

Lone Pair lone pair >Lone Pair bond pair > Bond Paibond pair.

1. Totalnumber of electron paiaround the central atom = % (number of valence electrons of centr
atom + number of atoms linked to central atom by single bonds)

1 For negative ions, add the number of electrons equal tniteof negative charge on the ions
to the valence electrons of the central atom.

1 For positive ions, subtract the number of electrons equal to the upitsiof'e chargenthe
ion from the valence electrons of the central atom.

2. The number of Bond pair Fotal number of atoms linked to central atom by single bonds.

3. Number of lone pairs = Total number of electioNo of shared pair

The electron pairs around the cenatdm repel each another and move so far apart from each anot
that there are no greater repulsions between them. This results in the molecule having minimum
energy and maximum stability.
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The shape of a molecule with only two atoms is always linear.

For molecules with three or more atoms, one of the atoms is called the central atom and other
atoms are attached to the central atom.

1 If the central atom is linked to similar atoms and is surrounded by bond pairs of electrons gnly,
the repulsions between thare similar as a result the shape of the molecule is symmetrical
and the molecule is said to have regular geometry.

T If the central atom is linked to different atoms or is surrounded by bond pair as well as a lofne
pair of electrons, the repulsion betweearthis similar. As a result, the shape of the molecule
has an irregular or distorted geometry.

1 The exact shape of the molecule depends upon the total number of electron pairs present
around the central atom.

Reference page/site
https://byjus.com/jee/vseprtheory/

Molecular Orbital Theory
Themolecular orbital theory states that each atom tends to combine together and form molecular
orbitals. As a result of such arrangement, electrons are found in various atomic orbitals and they @re
usually associated with different nuclei. In shart,eleaton in a molecule can be present anywhere in
the molecule.

Eneroy
[

S UL B
Aborrde Oibbital o Atorrde COrlsital
'\..L. 'f' | I; o
!

IMoleciuilar Cxizdtal

Features of Molecular Orbital Theory

1 The atomic orbitals overlap to form new orbitals caliedlecular orbitals. When two atomic orbitals
overlap they lose their identity and form nevbitals callednolecular orbitals.

1 The in the molecules are filled in the new energy states called the Molecular orbitals similar
to the electrons in an atom being filled in an enestgye called atomic orbitals.

1 The probability of finding the electronic distribution in a molecule around its group of nuclei is given
by the molecular orbital.

1 The two combining atomic orbitals should possess energies of comparable value and similar

oriertation. For example, 1s can combine with 1s and not with 2s.

The number of molecular orbitals formed is equal to the number of atomic orbitals combining.

The shape of molecular orbitals formed depends upon the shape of the combining atomic orbitals.

= =
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Reference page/site
https://byjus.com/jee/moleculaforbital-theory/

Hybridization

Hybridization is defined as the concept of mixing two atomic orbitals with the same energy levels
give a degearated new type of orbitals. This intermixing is based on quantum mechanics. The ato|
orbitals of the same energy level can only take part in hybridization and both full filled adfitlechlf
orbitals can also take part in this process provided they &égual energy.

During the process of hybridization, the atomic orbitals of similar energy are mixed together such
the mixing of two 6s6é orbitals or two O60p6 o
orbital with a 6doé orbital

Table of Content

Types

sp Hybridization
sp Hybridization
sp’ Hybridization

= =4 =4 =

What is Hybridization?

Redistribution of the energy of orbitals of individual atoms to grtals of equivalent
energyhappens when two atomic orbitals combine together to form hybrid orbital in a molecule. T
process is calleblybridization . The new orbitals thus formed are knoashybrid orbitals.

Types of Hybridization

Based on théypes of orbitalsnvolved in mixing, the hybridization can be classified as sp3, sp2, sp,
sp3d, sp3d2, sp3d3. Let us now discuss the various types of hybridization along with their examp

sp Hybridization

sp hybridization is observed when one s and one p orbital sathe main shell of an atom mix to
form two new equivalent orbitals. The new orbitals formed are cafidd/bridized orbitals. It forms
linear molecules with an angle of 180°

T This type of hybridization 1 nv o lbiako$equah e
energy to give a new hybrid orbital known as an sp hybridized orbital.

sp hybridization is also called diagonal hybridization.

Each sp hybridized orbital has an equal amount of s and p character, i.e., 50% s and p
character.
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Examples of splybridization:

1 All compounds of berylliurtike BeFR,, BeH,, BeCh
T All compounds of carberontainingtriple Bondlike CoHo.

sp’ Hybridization

sp? hybridisation is observed when one s and two p orbitals of the same shell of an atom mix to fg
3 equivalent orbitalThe new obitals formed are callesk? hybrid orbitals.

sp’ hybridization is also called trigonal hybridization.

't involves mixing of one 06s6 orbital an
orbital known as sp

A mixture of s and prbital formed in trigonal symmetry and is maintained af120

All the three hybrid orbitals remain in one plane and make an angle of 120° with one anoth
Each of the hybrid orbitals formed has 33.33% s character and 66.6% c har act g

1 Themoleculedn which the central atom is linked to 3 atoms and is sp2 hybridized have a
triangular planar shape.

Examples of spHybridization

T All the compounds of Boron i.e. BFBH3
1 All the compounds of carboeontaining a carbeoarbon double bond, Ethylenet@)

sp® Hybridization

When one 6s06 orbital and 3 6pb6 orbitals bel
four new equivalent orbital, the type of hybridization is calléet@hedral hybridization or sp?3.
The new orbitals formed are callsgf hybrid orbitals.
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1 These are directed towards the four corners of a reguifahedrorand make an angle of
109A286 with one another.

The angle between the sp3 hybrid orbitals is 1(9.28
Each sphybrid orbital has 25% s character and 75% p character.
Example of sphybridization:ethangCzHs), methane.

Key Features of Hybridization

Atomic orbitals with equal energies undergo hybridization.
The number of hybrid orbitals formed is equatite number of atomic orbitals mixing.

It is not necessary that all the kélfed orbitals must participate in hybridization. Even
completely filled orbitals with slightly different energies can also participate.

Hybridization happens only during thend formation and not in an isolated gaseous atom.
The shape of the molecule can be predicted if hybridization of the molecule is known.

The bigger lobe of the hybrid orbital always has a positive sign while the smaller lobe on the

opposite side has a radtye sign.

Reference page/site.
https://byjus.com/jee/hybridization/

What is Valance Bond (VB) Theory

Many approaches have been put forth to explain the nature of bonding in coordination compound
Oneof them is the Valence Bond (VB) Theoiiyhe Valence Bond Theory was developed in order to
explain chemical bonding using the method of quantum mechanics. This theory primarily focuses
the formation of individual bonds from tl¢omic orbital<of the participating atoms during the
formation of a molecule.

What is Valance Bond (VB) Theory?
According to the valence bond theory,

Electrons in a molecule occupy atomic orbitals rather thalecular orbitals. The atomic orbitals
overlap on the bond formation and the larger the overlap the stronger the bond.

The metal bonding is essentially covalent in origin and metallic structure involves resonance of
electronpair bonds between each atondats neighbors.
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Postulates of Valence Bond Theory

The important postulates of the valence bond theory are listed below.

1. Covalent bonds are formed when two valence orbitals-{iie) belonging to two different
atoms overlap on each other. The electtensity in the area between the two bonding atoms
increases as a result of this overlapping, thereby increasing the stability of the resulting
molecule.

2. The presence of many unpaired electrons in the valence shell of an atom enables it to for r
multiple bads with other atoms. The paired electrons present in the valence shell do not tgke
participate in the formation of chemical bonds as per the valence bond theory.

3. Covalent chemical bonds are directional and are also parallel to the cegiesponding to the
atomic orbitals that are overlapping.

4. Sigma bonds and pi bonds differ in the pattern that the atomic orbitals overlapdn, i.e.
bondsare formed from sidewise overlapping wherdeesoverlapping along the axis containing
the nuclei of the two atoms leads to the formation of sigma bonds.

The formation ofigma and pi bonds illustrated below.

Sigma bond pi bond
(1 pair of electron) (1 pair of electron)

ev:\:

Formation of Sigma anlli Bondsi Valence Bond Theory (VBT)

Applications ofValence Bond Theory

1 The maximum overlap condition which is described by the valence bond theory can explaif the
formation of covalent bonds in several molecules.

1 This is one of its mosmportant applications. For example, the difference in the length and
strength of the chemical bonds in &1d E molecules can be explained by the difference in thp
overlapping orbitals in these molecules.

1 The covalent bond in an HF molecule is formedfribie overlap of the 1s orbital of the
hydrogen atom and a 2p orbital belonging to the fluorine atom, which is explained by the
valence bond theory.

Limitations of Valence Bond Theory
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The shortcomings of the valence bond theory include

Failure to explain the tetravalency exhibited by carbon
No insight offered on the energies of the electrons.
The theory assumes that electrons are localized in specific areas.

It does not give a quantitative interpretation of the thermodynamic or Kitegititees of
coordination compounds.

T No distinction between weak and strong ligands.
T No explanation for the colour exhibited by coordination compounds.

Reference page/site.
https://byjus.com/chemistry/valencéond-theory/

1
f
f
f

Sigma and Pi bonds

Sigma and pi bnds are types of covalent bonds that differ in the overlapping of atomic orbitals. Covglent
bonds are formed by the overlapping of atomic orbitals. Sigma bonds are a result of the Hesal
overlapping of atomic orbitals whereas pi bonds are formekebateral overlap of two atomic orbitals.

2 orbital 2 orbital

pi bond

sigma
bond

Sigma and Pi Bonds

The Sigmg 0Bpnd

This type of covalent bond is formed by headpositive (same phase) overlap of atomic orbitals alorng

the internuclear axis. Sigma bonds are the strongest covalent bonds, owing to the direct overlapging ¢
the participating orbitals. Theectronpar ti ci pating in a @ bond| a
electrons.

Generally, all single bonds are sigma bonds. They can be formed via the following combinatioms of
atomic orbitals.

S-S Overlapping

I n this kind of overlapping, one 0s énaverl@ppinga 1
along the internuclear axis. An s orbital must be-fikdfd before it overlaps with another.
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s orbital s orbital s-s everlap

s-s Overlap in Sigma Bonds
The overlapping of two erbitals resulting in a sigma bond is illustrated above. This type of overl
occurs in H molecules, where each hydrogen atom has afiialf s orbital.

S-P Overlapping

Here, one half filed s orbital overlaps with one Hdléd p orbital along the imrnuclear axis, forming
a covalent bond. This condition is illustrated below.

!
s orbital p orbital s-p overlap

Q 0 - G

s-p Overlap in Sigma Bonds
This type of overlapping can be observedimmonia An NHz molecule features 3 sigma bondsnfied
by the overlap of the 2p2p,, and 2p orbitals belonging to the nitrogen atom and the 1s dshafathe
three hydrogen atoms

P-P overlapping

In this condition, one hafiilled p orbital from each participating atom undergoes hmadverlapping
alorg the internuclear axis. This type of overlapping is illustrated below.

; orbital
p orbital P a pp overlep

L — T

p-p Overlap in Sigma Bonds
A Cl> molecule features ap overlap of the 3porbitals of two chlorine atoms. It is important to note
that the heado-head overlapping of two p orbigagives a sigma bond whereas the lateral overlap
these orbitals leads to the formation of pi bonds.

TheP i (") Bond
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Pi bonds are formed by the sidewise positive (same phase) overlap of atomic orbitals along a dirgctio
perpendicular to the internuclear axi s. Durli n
are parallel to each other whereas the ovenapjs perpendicular to the internuclear axis. This type qf
covalent bonding is illustrated below.

@ represents the nucleus

—

LD, LD
N N

—

p atomic orbital p atomic orbital Pi-bonding
molecular orbital

w

Pi Bonds
Pi Bonds are generally weaker than sigma bonds, owing to the significantly lower degree of overlagping
Generally, double bonds consist of one sagand one pi bond, whereas a typical triple bond is made {ip
of two °~ bonds and one G bond. It is importgnt
stronger than a single sigma bond.

Difference Between Sigma and Pi Bonds

The key differenes between sigma and pi bonds are tabulated below.

Sigma Bond Pi Bond

The overlapping orbitals must be

The overlapping orbitals can be pure or hybi unhybridized

These bonds are strong and have high bor

) These bonds are relatively weak.
energies.

Can exist independently Must exist along with a sigma bond.

Has no role in determining the shape of

Has an impact on the shape of molecules
molecules

Reference page/site.
https://byjus.com/chemistry/sigmaand-pi-bond/

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Page87



https://byjus.com/chemistry/sigma-and-pi-bond/

Hydrogen Bonding

Hydrogen bond or hydrogen bonding is a type of weak force that results in the formation of dipole
dipole interaction between a hydyen atom and an electronegative atom that is strongly bonded to
another electronegative atom. The bond or bonds are mostly strong in comparison to normal dipo
dipole and dispersion forces. However, they are weak compared to true covalent or ionic bonds.

Table of Content

Conditions
Effects

Examples
Strength of Hydrogen Bond

Properties
Types of HBond
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What are the Conditions for Hydrogen Bonding?

In a molecule, when a hydrogen atom is linked to a highly electronegative atom, it attracts the sha
pair of electrons more and #as end of the molecules becomes slightly negative while the other en

red
d

becomes slightly positiveThe negative end of one molecule attracts the positive end of the other gnd

as a result, a weak bond is formed between them. This bond istballeairogen bond.

As a result of hydrogen bonding, a hydrogen atom links thestawironegative atonsimultaneously,
one by a covalent bond and the other by a hydrogen bond. The conditions for hyxinodieigy are:

1. The molecule must contain a highly electronegative atom linked to the hydrogen atom. The
higher the electronegativity more is the polarization of the molecule.

2. The size of the electronegative atom should be small. The smaller the sizeatiee igrthe
electrostatic attraction.

Effects of Hydrogen Bonding on Elements

Association

The molecules of carboxylic acids exist as dimer because of the hydrogen bondingpld@hear

masse®f such compounds are found to be double than those calculated from their simple formulg.

Dissociation

In aqueous solution, HF dissociates and gives the difluaridestead of fluoride ion. This is due to
hydrogen bonding in HF. The molecules of HCI, HBr, HI do not form a hydrogen bond. This expla
the nonexistence of compounds like KHCKHBr2, KHIo>.
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Why do compounds having hydrogen bonding have high meltiddailing points?

The compounds having hydrogen bonding show abnormallyrhigiing and boiling pointsThe high
melting and boiling point of the compound containing hydrdgamds is due to the fact that some
extra energy is needed to break these bonds.

T The unusually high boiling point of hydrogen fluoride among the halogen acid is due to the
existence of hydrogen bonding.

1 H20 is a liquid whereas 13, HSe and HTe are all gass at ordinary temperature. In water,
hydrogen bonding causes linkages in the water molecules which result in the boiling point
of water is more than that of the other compounds.

1 Ammonia has a higher boiling point than f##é¢cause there is hydrogen bondimdNHz but

not in PH.
1 Ethanol has a higher boiling point tharthy| ethebecause there is hydrogen bonding in the
ethanol.

Examples of Hydrogen Bonding

Hydrogen Bonding in Hydrogeffuoride

Fluorine having the highest value of electronegativity forms the strongest hydrogen bond.

. F\H - FE_\
o+ 5:+ - o+ Mo+

Hydrogen Bonding iWater

A water molecule contains a highly electronegative oxygen atom linked o dhegen atomOxygen
atom attracts the shared pair of electrons more and this end of the molecule becomes negative w
the hydrogen atoms become positive.

"S._
o
O+ // \ &~ -
H H_ %
":—,,0 o /
N S e Begth D
H [ -

Hydrogen Bonding immonia

It contains highly electronegative atom nitrogen linked to hyeincatoms.

T 0 0
- | & -
&t e L e e e
| I I
H i i
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Hydrogen Bonding irAlcohols and Carboxylic acid

Alcohol is a type of an organic molecule which containsGid group. Normally, if any molecule
which contains the hydrogen atom is connected to either oxygen or nitrogen directly, then hydrog
bonding is easily formed.

R g R W
W N - — T — D-H-““b-H""
Hydrogen Bonding i\lcohols

”O-——H—C\

R—C C—R

\ 7

O—H---0
Hydrogen Bonding in Carboxylic acid

Hydrogen Bonding in Polymers

Hydrogen bonding is an important factor in determining the 3D structures and properties that are
acquired by synthetic anthtural proteins Hydrogen bonds also play an important role in defining th
structure of cellulose as well as derived polymers such as cotton or flax.

Strength of the Hydrogen bond

The hydrogen bond is a weak bond. The strength of hydrogen bordeasvieen the wealkan der
Waals forceand the strong covalent bonds.

The dissociation energy of the hydrogen bond depends upon the attraction of the shared pair of
electrons and hence on thedtonegativity of the atom.

Properties of Hydrogen Bonding

T Solubility: Lower alcohols are soluble in water because of the hydrogen bonding which car
take place between water and alcohol molecule.

T Volatility: As the compounds involving hydrogbonding between different molecules have a
higher boiling point, so they are less volatile.

T Viscosity and surface tensionThe substances which contain hydrogen bonding exists as af
associated molecule. So their flow becomes comparatively difficult. Ténesy ligher viscosity
and high surface tension.

1 The lower density of ice than waterin the case of solid ice, the hydrogen bonding gives risq
to a cagdike structure of water molecules. As a matter of fact, each water molecule is linke
tetrahedral to fouwater molecules. The molecules are natlasely packe@s they are in a
liquid state. When ice melts, this case like structure collapses and the molecules come clo
each ¢her. Thus for the same mass of water, the volume decreases and density increases
Therefore, ice has a lower density than water at 273 K. That is why ice floats
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Types of Hydrogen Bonding

There are two types of H bonds, and it is classified as the foldpwi

T Intermolecular Hydrogen Bonding
T Intramolecular Hydrogen Bonding

Intermolecular Hydrogen Bonding

When hydrogen bonding takes place between different molecules of the same or different compo
it is calledintermolecular hydrogen bonding.

Forexamplei hydrogen bonding in water, alcohalnmonizetc.

Intramolecular Hydrogen Bonding

The hydrogen bonding which takes place within a molecule itself is ¢attadnolecular hydrogen
bonding.

It takes place in compounds containing two groups such that one group contains hydrogen atom
to an electronegative atom and the other group contains a highly electronegative atom linked to
lesser electronegative atom of the other group.

The bond is formed between the hydrogen atoms of one group with thelexdrenegative atoof
the other group

Problem: Indicate which of the following molecules could form Hydrogen Bonds etter like
molecules.

H F
] -
H——C——C——F H——N——C——F o
| ] \
H H F
: H o] H
= e H—C—N—C—H \\c .
S 77 =
O—C——C——0 c H H ’
| | | H/ | \I'l This one is
H H H H tricky!!!

Symmetric Hydrogen Bond

This is a special type of hydrogen bond wherepttadon is usually placed in the middle between two

unds

rnke(

identical atoms. The strength of the bond between each atom is equal. The symmetric hydrogen lhond

is a type of a threecentre fourelectron bond. This bond is also much stronger compared to the
Anor mal 06 hydrogen bond and its strength 1is
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What is Metallic Bonding?

Metals are characterised by bright, lustre, hetgctrical andhermal conductivitymalleability,
ductility and high tensile strength. A metallic crystal consists of a very large number of atoms arrangec
in a regular pattern.

Different nodel have been proposed to explain the nature of metallic bonding two most important

modules are as follows
m = = Tl v

_ === FNerviale=

> W 3O

T — FwWicaEsile
(= < ==

VR
VR

Reference page/site
https://byjus.com/jee/hydrogerbonding/

Student 6s assessment
A What is the premise of the VSEPR Theory?
What would be the shape of the molecule if the VSEP number is 5?
What are the advantages of the VSEPR theory?
Explain sp3 Hybridization in Methane?
Amide molecule looks sp3 hybridized but it is sp2, why?
What results in sp, sp2 and sp3 hybridization?
Explain the difference between molecular and hybrid orbitals?
Draw theLewis Structure of:

Carbon Tetrachloride (CCl4)

Ammonia (NH)
Explain sp3 Hybridizabn in Methane?
Amide molecule looks sp3 hybridized but it is sp2, why?
What results in sp, sp2 and sp3 hybridization?
Explain the difference between molecular and hybrid orbitals?

I I D D> >

> I > D

(Related videos

Chemical bonding
https://youtu.be/grtE6MN -wrE
https://youtu.be/AHRKZHNXLoM
https://youtu.be/4tvkUjce WBY
https://youtu.be/OTgpN620u24
https://youtu.be/DinMgWWwMUE
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https://youtu.be/4tvkUjceWBY
https://youtu.be/OTgpN62ou24
https://youtu.be/DinMgWWwMUE

Hybridization
https://youtu.be/ gRWI5zUpHM

https://youtu.be/jUhCHKVDjgc
https://youtu.be/eGnbLEV9Be4

Sigma and pibond
https://youtu.be/ qzdRPv4Ns4
https://youtu.be/[PUbSAHWK -s

Hydrogen bonding

https://youtu.be/RSRiywp9vOw
https://youtu.be/m-v5G8C70pc
https://youtu.be/aZ8IXFWR nY

VSEPR THEORY
https://youtu.be/e99iaUKsucc
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CHAPTER 5
ACHEMI CAL EQULI BERI UMbO

Chemical
Equilibrium
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A
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Introduction
Major concept
U Reversible reaction & dynamic equilibrium
Factors effecting on equilibrium (kehat el i er 6s principl e)
Industrial application of Lehatlier principle (Haber & Contact process)
Solubility product and precipitation reaction.
Common ion effect.
Law of mass action

[ - enHEN antEN et enH
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chapter

skills

understanding

Chemical Equilibrium.
Topics according to national
curriculum

I Reversible Reactions an|

Dynamic Equilibrium

1 Factors Affecting

Equilibrium (Le
Chatelier's Principle).

9 Industrial Application of
Le-Chatelier's Principle
(Haber's Process)
Solubility Product and
Precipitation Reactions
Common lon Effect

Equilibrium Constant and
its Derivation

Law of Mass Action

A =_ 4=

Equilibrium Calculations

Students will be able to:

9 Calculate the equilibrium
constant for a reaction
given the equilibrium
concentrations of reactan
and products. (Applying)

9 Calculate the
concentration specified,
given the equilibrium
constant and appropriate
information about the
equilibrium
concentrations.
(Applying)

Students Wl be able to:

9 Describe simple propertie
of solids e.g., diffusion,
compression, expansion,
motion of molecules,
spaces between them,
intermolecular tomes and
kinetic energy based on
kinetic molecular theory.
(Understanding)

1 Differentiate between
amorpftous and crystalline
solids. (Understanding)
Describe properties of
crystalline solids like
geometrical shape, meltin
point, cleavage planes,
habit of a crystal, crystal
growth, anisotropy,
symmetry, isomorphism,
polymorphism, allotropy
and transition tengrature.
(Understanding)

1 Use oxygen and sulphur t
define allotropes.
(Understanding)

1 Explain the significance o
the unit cell to the shape (
the crystal using NaCl as
an example. (Applying)

1 Name three types of
packing arrangements an
draw or constrat models
of them. (Applying)

1 Name three factors that
affect the shape of an ion
crystal. (Understanding)

1 Define lattice energy.
(Remembering)
Differentiate between
ionic, covalent, molecular
and metallic crystalline
solids. (Applying)

1 Explain the lowdensity
and high heat of fusion of
ice. (Understanding)
Define and ex lain
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molecular and metallic
solids. Understanding.

Related videos
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Chapter overview

Reversible Reactions

Up until thispoint, we have written the equations for chemical reactions in a way that would seem to indica
that all reactions proceed completely until all the reactants have been converted into products. In reality, a
many chemical reactions do not proceedrelytto completion. Areversible reaction is a reaction in which the
conversion of reactants to products and the conversion of products to reactants occur simultaneously. Ong
example of a reversible reaction is the reaction of hydrogen gasdine vapor to from hydrogen iodide. The
forward and reverse reactions can be written as follows.

Forward reaction :  Hal(g) + [2(g) — 2HI(g)

Reverse reaction:  2HI(g) — Ha(g) + I2(g)

In the forward reaction, hydrogen and iodine combine to form hydrogen iodide. In the reverse reaction,
hydrogen iodide decomposes back into hydrogen atideaoThe two reactions can be combined into one
equation by the use of a double arrow.

Hy(g) +12(g) = 2HI(g)

The double arrow is the indication that the reaction is reversible.

Dynamic Equilibrium
At dynamic equilibrium, reactants are converted to products and productnaested to reactants at an equal
and constant rate. Reactions do not neces8aaihd most often do ndtend up with equal concentrations.
Equilibrium is the state of equal, opposite rates, not equal concentrations.

LE CHATELIER'S PRINCIPLE
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https://www.youtube.com/watch?v=ty9TczsW5ew
https://www.youtube.com/watch?v=XmgRRmxS3is
https://www.youtube.com/watch?v=NWhZ77Qm5y4
https://www.youtube.com/watch?v=qawipem0LwA
https://www.youtube.com/watch?v=xfGlEXWDRZE
https://www.youtube.com/watch?v=DP-vWN1yXrY

This page looks at Le Chatelier's Principle and explains how to apply it to reactions in a state of dynamic
equilibrium. It covers changes to the position of equilibrium if you change concentration, pressure or
temperature. It also explains very briefly ywatalysts have no effect on the position of equilibrium.

Important: If you aren't sure about the wordgnamic equilibriuror position of equilibriurmyou should read
theintroductory pag®efore you go on

It is important in understanding everything on this page to realise that Le Chatelier's Principle is no more
useful guideo help you work out what happens when you change the conditions in a reaction in dynamic
equilibrium.It doesn't explain anythindjll keep coming back to that point!

Using Le Chatelier's Principle

A statement of Le Chatelier's Principle

If a dynamic quilibrium is disturbed by changing the conditions, the position of equilibrium moves to
counteract the change.

Using Le Chatelier's Principle with a change of concentration
Suppose you have an equilibrium established between four substances A, B,.C and D

A + 2B —_—— C + D

Note: In case you wonder, the reason for choosing this equation rather than having just A + B on the
hand side is because further down this page | need an equation which has different numbers of mole:
each side. | am going to ug&t same equation throughout this page.

What would happen if you changed the conditions by increasing the concentration of A?

According to Le Chatelier, the position of equilibrium will move in such a way as to counteract the chang
means thate position of equilibrium will move so that the concentration of A decreases-dgairacting it
with B and turning it into C + D. The position of equilibrium moves to the right.

A + 2B ——— ©C + D

-
The positon of equilibium moves o the
right if you increase the concentration of A.

This is a useful way of converting the maximum possible amount obECisind D. You might use it if, for
example, B was a relatively expensive material whereas A was cheap and plentiful.

What would happen if you changed the conditions by decreasing the concentration of A?

According to Le Chatelier, the position eduilibrium will move so that the concentration of A increases age
That means that more C and D will react to replace the A that has been removed. The position of equilik

moves to the left.

A + 2B —_— C + D

ik
The positon of equilioium moves o the
leftif you decrease the concentraton of A.

This is esssentially what happens if you remove oneeoptbducts of the reaction as soon as it is formed. If
example, you removed C as soon as it was formed, the position of equilibrium would move to the right tc
replace it. If you kept on removing it, the equilibrium position would keep on moving dgtiéwturning this
into a oneway reaction.

Important
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This isn't in any way aaxplanationof why the position of equilibrium moves in the ways described. All Le
Chatelier's Principle gives you is a quick way of working out what happens.

Note: If you know about equilibrium constants, you will findhare detailed explanatiaf the effect of a
change of concentration by following this link. If you don't know amgtdbout equilibrium constants, you
should ignore this link.

If you choose to follow it, return to this page via the BACK button on your browser or via the equilibriu
menu.

Using Le Chatelier's Principle with a change of pressure
This only applies toeactions involving gases:

Algy + 2Bgy ————— C + D
What would happen if you changed the conditions by increasing the pressure?
According to Le Chatelier, the position of equilibrium will move in such a way as to counteract the chanc
means that the position of equilibmuwill move so that the pressure is reduced again.
Pressure is caused by gas molecules hitting the sides of their container. The more molecules you have
container, the higher the pressure will be. The system can reduce the pressure by reactirg\ivaglas to
produce fewer molecules.
In this case, there are 3 molecules on thehaftd side of the equation, but only 2 on the right. By forming n
C and D, the system causes the pressure to reduce.
Increasing the pressure on a gas reaction sh#étposition of equilibrium towards the side with fewer
molecules.

Ay + 2Bg —/——— = Cg + D

-
The positon of equilibrium moves to the right
if you increase the pressure on the reaction.

What would happen if you changed the conditions by decreasing the pressure?

The equilibrium will move in such a way that the pressure increases again. It can do that by producing n
molecules. In this case, the position of equilibrium will move towards thédeft side of the reaction.

A + 2Bg =———— Cw@ + Dg

-

i
The positon of equiliorium moves o the left
if you clecrease the pressure on the reacton.

What happens if there are the same number of molecules on both sides of the equilibrium reaction?

In this case, increasing the pressure has no effeatsoever on the position of the equilibrium. Because yoL
have the same numbers of molecules on both sides, the equilibrium can't move in any way that will redu
pressure again.

Important
Again, this isn't amxplanationof why the position oéquilibrium moves in the ways described. You will find
rather mathematical treatment of the explanation by following the link below.

Note: You will find a detailedexplanatiorby following this link. If you don't know anything about
equilibrium constants (particularly,K you should ignore this link. The same thing applies if you don't lik
things to be too mathematical! If you are a UK A' level student, you weat this explanation.

If you choose to follow the link, return to this page via the BACK button on your browser or via the
equilibrium menu.

Using Le Chatelier's Principle with a change of temperature
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For this, you need to know whether heat is givenar absorbed during the reaction. Assume that our forwa
reaction is exothermic (heat is evolved):

A+ 2B ———= C + D AH = -250kJmoli
This shows that 250 kJ is evolved (hence the negative sign) when 1 mole of A reacts completely with 2 |
B. For reversible reactions, the valgeaiways given as if the reaction was-ovagy in the forward direction.

The back reaction (the conversion of C and D into A and B) would be endothermic by exactly the same |
250 kJ iz ewolved when A and B react

completely to give Cand D.

-
A + 2B = C + D AH = - 250 kJ mol-1

-

~u

2580 kJ iz absorbed when C and D react
completely to give Aand B.

What would happen if you changed the conditions by increasing the sarp€r

According to Le Chatelier, the position of equilibrium will move in such a way as to counteract the chang
means that the position of equilibrium will move so that the temperature is reduced again.

Suppose the system isequilibrium at 300°C, and you increase the temperature to 500°C. How can the re
counteract the change you have made? How can it cool itself down again?

To cool down, it needs to absorb the extra heat that you have just put in. In the case wéngratiabieback
reactionabsorbs heat. The position of equilibrium therefore moves to the left. The new equilibrium mixtu

contains more A and B, and less C and D.
A + 2B _— C + D AH = - 2580 kJ mol-1

-

4
The position of equilibrium moves o the
leftif you increase the temperature.
If you were aiming to make as much C and D as possible, increasing the temperatigecositzle reaction
where the forward reaction is exothermic isn't a good idea!
What would happen if you changed the conditions by decreasing the temperature?
The equilibrium will move in such a way that the temperature increases again.
Suppose the systeimin equilibrium at 500°C and you reduce the temperature to 400°C. The reaction will
to heat itself up again to return to the original temperature. It can do that by favouring the exothermic re:
The position of equilibrium will move to the rigiMore A and B are converted into C and D at the lower

temperature.
A + 2B ——= C + D AH = -250kJmol1

-

-

The position of equilibrium moves o the

right if you decrease the termperature.
Summary
Increasing the temperature of a system in dynamic equilibrium favours the endothermic reaction. The sy
counteracts the change you have made by absorbing the extra heat.
Decreasing the temperature of a system in dynamic equilibrium favours the exothermic reaction. The sy:
counteracts the change you have made by producing more heat.

Important
Again, this isn't in any way agxplanationof why the position of equilibrium mes in the ways described. It i:
only a way of helping you to work out what happens.
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Note: | am not going to attempt an explanation of this anywhere on the site. To do it properly is far toc
difficult for this level. It is possible to come up with axpination of sorts by looking at how the rate
constants for the forward and back reactions change relative to each other by using the Arrhenius eq;
but this isn't a standard way of doing it, and is liable to confuse those of you going on to aaistrghe
degree. If you aren't going to do a Chemistry degree, you won't need to know about this anyway!

Le Chatelier's Principle and catalysts
Catalysts have sneaked onto this page under false pretences, lagichingea catalyst makesbsolutely no
difference to the position of equilibriumnd Le Chatelier's Principle doesn't apply to them.

This is because a catalyst speeds up the forward and back reaction to the same extent. Because adding
doesn't affect the relative ratelsthe two reactions, it can't affect the position of equilibrium. So why use a
catalyst?
For a dynamic equilibrium to be set up, the rates of the forward reaction and the back reaction have to b
equal. This doesn't happen instantly. For a very séaation, it could take years! A catalyst speeds up the r:
at which a reaction reaches dynamic equilibrium.

Le Chatelier's principle

Le Chatelier's principleghemical principle that states that if a system in equilibrium is disturbed by changes

detegmining factors, such as temperature, pressure, and concentration of components,

A brief summary of the Haber Process

The Haber Process combines nitrogen from the air with hydrogen derived mainly from natural gas (methar

into ammonia. The reaction isversible and the production of ammonia is exothermic.
Mag) + 3Hzg  —————= 2NHj3g AH = -82kJmol!

_

A flow scheme for the Haber Process looks like this:

nitrogen
from the air
400 - 450°C
. nitrogen and hydrogen _200 atm
1:3 by volume T * iron catalyst
unreacted
aAsSEes
hydrogen rgr:yr:led ¥
from natural gas pp———
|— gnd ammoania tums
1o liguicl

'

liquid ammonia
Some notes on the conditions
The catalyst
The catalyst is actually slightly more complicated than pure iron. It has potasginoxide added to it as a
promoter- a substance that increases its efficiency.
The pressure
The pressure varies from one manufacturing plant to another, but is always high. You can't go far wrong in
exam quoting 200 atmospheres.
Recycling
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At eachpass of the gases through the reactor, only about 15% of the nitrogen and hydrogen converts to
ammonia. (This figure also varies from plant to plant.) By continual recycling of the unreacted nitrogen and
hydrogen, the overall conversion is about 98%.

Explaining the conditions

The proportions of nitrogen and hydrogen

The mixture of nitrogen and hydrogen going into the reactor is in the ratio of 1 volume of nitrogen to 3 volu
of hydrogen.

Avogadro's Law says that equal volumes of gases at the same temgparal pressure contain equal numbers
of molecules. That means that the gases are going into the reactor in the ratio of 1 molecule of nitrogen to
hydrogen.

That is the proportion demanded by the equation.

In some reactions you might choose to usexcess of one of the reactants. You would do this if it is
particularly important to use up as much as possible of the other redttémt example, it was much more
expensive. That doesn't apply in this case.

There is always a dowside to using arthing other than the equation proportions. If you have an excess of o
reactant there will be molecules passing through the reactor which can't possibly react because there isn't
anything for them to react with. This wastes reactor sppaeticularly spce on the surface of the catalyst.

The temperature
Equilibrium considerations

mes

3 of

You need to shift the position of the equilibrium as far as possible to the right in order to produce the maxitnum

possible amount of ammonia in the equilibrium mixture.

The foward reaction (the production of ammonia) is exothermic.
Nag) + 3Hzgg ——=———= 2NHzg AH = -G2kJmal!

—
According to Le Chatelier's Principle, this will be favoured if you lower the temperature. The system will
respond by moving the position of equilibrium to counteract-tither words by pragting more heat.
In order to get as much ammonia as possible in the equilibrium mixture, you need as low a temperature ag
possible. However, 400450°C isn't a low temperature!
The pressure
Equilibrium considerations

Mapgr + 3Hzig) 2MH3g) AH = - 92 kJ mal!
Notice that there are 4 moleculasthe lefthand side of the equation, but only 2 on the right.
According to Le Chatelier's Principle, if you increase the pressure the system will respond by favouring the
reaction which produces fewer molecules. That will cause the pressure to fall again.
In order to get as much ammonia as possible in the equilibrium mixture, you need as high a pressure as p
200 atmospheres is a high pressure, but not amazingly high.
The catalyst

In the absence of a catalyst the reaction is so slow that virn@mtgaction happens in any sensible time. The
catalyst ensures that the reaction is fast enough for a dynamic equilibrium to be set up within the very sho
that the gases are actually in the reactor.

Precipitation and the Solubility Product

Learning Objectives

DefineKsp, the solubility product.

Explain solid/solution equilibria usingspKsp andQsp.

Calculate molarity of saturated solution frdfg,.

CalculateKspKsp from molarity of saturated solution.

Precipitation reactions occur wheations and anions in aqueous solution combine to form an insoluble ionic
solid called grecipitate. Whether or not such a reaction occurs can be determined by ussajuibidity

rules for common ionic solids. Because not all aqueous reactions fornpipaezs, one must consult the
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solubility rules before determining the state of the products and writileg ianic equation.The ability to
predict these reactions allows scientists to determine which ions are present in a solution, and allows indugtries
to form chemicals by extracting components from these reactions.

Properties of Precipitates
Precipitates are insoluble ionic solid products of a reaction, formed when certain cations and anions combjne in
an aqueous solution. The determining factorhiefformation of a precipitate can vary. Some reactions depen(l
on temperature, such as solutions used for buffers, whereas others are dependent only on solution concerjtratic
The solids produced in precipitate reactions are crystalline solids, and aspbaded throughout the liquid or
fall to the bottom of the solution. The remaining fluid is callegernatant liquid (or just the supernate). The
two components of the mixture (precipitate and supinate) can be separated by various methods, such as
filtration, centrifuging, or decanting.

Solution Supernate

Suspension Precipitate

The use of solubility rules require an understanding of the way that ions react. Most precipitation reactions|are
single replacement reactions or double replacement reactions. A double replacement reaction occucs whep tw
ionic reactants dissociate and bond with the respective anion or cation from the other reactant. The ions rgplace
each other based on their charges as either a cation or an anion. This can be thought of as a double displﬁcemw
reaction where the partreetswitching; that is, the two reactants each "lose" their partner and form a bond with

a different partner:

AB + CD— AD + CB

A double replacement reaction

A double replacement reaction is specifically classified @r®eipitation reaction when the chemical equation
in question occurs in agueous solution and one of the of the products formed is insoluble. An example of g
precipitation reaction is given below:
CdSOHag+K2S(ag) YCdSs)+K2SO4(ag)(16.3.1f 1 6. 3. 1) CdS0O4(aq) +K2S(aq) Y[Cd
Both reactants are aqueous and one product is solid. Because the reactants are ionic and aqueous, they
dissociate and are theref@@luble However, there are six solubility guidelines used to predict which
moleales are insoluble in water. These molecules form a solid precipitate in solution.

'd aY

Common lon Effect

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel02




Skills to Develop

Recognize common ions from various salts, acids, and bases.

Calculate concentrations involving common ions.

Calculate ion concentratisrinvolving chemical equilibrium.

The commoron effect is used to describe the effect on an equilibrium involving a substance that adds an i
that is a part of the equilibrium.

Introduction

The solubility product&sps are equilibrium constants in hetergeneous equilibria (i.e., between two different
phases). If several salts are present in a system, they all ionize in the solution. If the salts contain a comm
cation or anion, these salts contribute to the concentrafithe common ion. Contributions from all salts must
be included in the calculation of concentration of the common ion. For example, a solution containing sodi
chloride and potassium chloride will have the following relationship:

[Nat]+[K+]=[CITJ(1)(A)] Na+] +[ K+] =[ CI 7]

Consideration otharge balance®r mass balancer both leads to the same conclusion.

Common lons

WhenNaCINaClandKCIKCI are dissolved in the same solution, @ieC | ibns arecommorto both salts. In
a system containinjaCINaClandKCIKCI, theCIi C | ions are common ions.

NaCk Na++CliNaCENa + + C| 1

KClz K++CITKCIzK+ + C| 1

CaCbkz Ca2++2CliCaClzCa 2 ++2Cl 1

AICI3z AI3++3CITAICI3z Al 3++3CIl 1

AgClz Ag++Cli AgClzAg ++ C1 1

For example, wheAgCIAgCl is dissolved into a solution already

containingNaCINaCl (actuallyNat+Na+andClIi C | ions), theCli C | ibns come from the ionization of
both AgCIAgCl andNaCINaCl. Thus,[CIi ][ C | diffdrs from[Ag+][Ag+]. The following examples show how
the concentration of the common iorcaculated.

What is the Law of Mass Action?

The law of mass action states that the rate of a reaction is proportional to the product of the concentration
each reactant.

This law can be used to explain the behavior exhibited by solutiaghgamic equilibriaThe law of mass

action also suggests that the ratio of the reactant concentration and the product concentration is constant
state of chemical equilibrium.

EQUILIBRIUM CONSTANTS: K ¢

introducing equilibrium constants expressed in terms of concentratiaris agksumes that you are familiar with
concept of a dynamic equilibrium, and know what is meant by the terms "homogeneous" and "heterogené
applied to chemical reactions.

We need to look at two different types of equilibria (homogeneous and heterogeneous) separately, becay
equilibrium constants are defined differently.

A homogeneous equilibriumas everything present in the same phase. The usual examehide reactions whe
everything is a gas, or everything is present in the same solution.

of

the
ous

set

re

A heterogeneous equilibriulhras things present in more than one phase. The usual examples include reactjons

involving solids and gases, or solids and liquids.

Kc in homogeneous equilibria
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This is the more straightforward case. It applies where everything in the equilibrium mixture is present as|a g¢
everything is present in the same solution.
A good example of a gaseous homogeneous equilibrium is the camvefsiulphur dioxide to sulphur trioxide ft th
heart of the Contact Process:

2502y + Oy ———= 2501y

A commonly used liquid example is the esterification reaction between an organic acid and anr &dcaxample:
CH3;COOH; + CH3CH20H)y —————= CH3;COOCH2CHz; + H20p

Writing an expression for K
We are going to look atgeneral case with the equation:
aA + bB cC + dD

No state symbols have been given, but they will be all (g), or all (I), or all (aq) if the reaction was between|sub
in solution in water.
If you allow this reaction to reach equilibrium and then measureghiibrium concentrations of everything, you ci
combine these concentrations into an expression knownexguditorium constant
The equilibrium constant always has the same value (provided you don't change the temperature), irrespctiv
amountf A, B, C and D you started with. It is also unaffected by a change in pressure or whether or not|you
using a catalyst.

The sguare brackets show
concentations in mal dm-3,

equilibrium constant /
\ K [C] °D]¢ Right-hand sidle of the
H

- equafion on top; left-hand
sige on the bottom.

/ LREH

“c" shows that it

is in terms of

concentaton. The indlices are the nurmbers
in front of each substance in
the chermical equation.

Compare this with the chemical equation for the equilibrium. The convention is that the substances orhidugdrig
side of theequation are written at the top of thed«pression, and those on the-edind side at the bottom.
The indices (the powers that you have to raise the concentratiofts ®xample, squared or cubed or whateveir) a
just the numbers that appear in tlp@ation.

https://courses.lumenlearning.com/cheminter/chapter/reversiaétion/
https://chem.libretexts.org/Bookshelves/Physical_and_ Theoretical Chemistry Textbook Maps/Supplemeital
Modules (Physical and Theoretical Chemistry)/Equilibria/Chemical Equilibria/Principléshemical Equi
libria/Dynamic_equilibrium

https://www.chemguide.co.uk/physical/equilibria/lechatelier.html
https://www.infoplease.com/encyclopedia/science/chemistry/concephstteliers
principle#:~:text=Le%20Ch%C3%A2telier's%20miple%20can%20be,one%20that%20gives%200ff%20heqt

WORKSHEET: CHEMICAL EQUILIBRIUM Name
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https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Equilibria/Chemical_Equilibria/Principles_of_Chemical_Equilibria/Dynamic_equilibrium
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Equilibria/Chemical_Equilibria/Principles_of_Chemical_Equilibria/Dynamic_equilibrium
https://www.chemguide.co.uk/physical/equilibria/lechatelier.html
https://www.infoplease.com/encyclopedia/science/chemistry/concepts/le-chateliers-principle#:~:text=Le%20Ch%C3%A2telier's%20principle%20can%20be,one%20that%20gives%20off%20heat.
https://www.infoplease.com/encyclopedia/science/chemistry/concepts/le-chateliers-principle#:~:text=Le%20Ch%C3%A2telier's%20principle%20can%20be,one%20that%20gives%20off%20heat.
https://www.infoplease.com/encyclopedia/science/chemistry/concepts/le-chateliers-principle#:~:text=Le%20Ch%C3%A2telier's%20principle%20can%20be,one%20that%20gives%20off%20heat.

FOR ALL EQUILIBRIUM PROBLEMS,
YOU MUST:
1) Write all equilibrium equations
2) Write all equilibrium concentrations
3) Write all equilibrium expressions

1) a) What is the equilibrium constant expression for the reaction:
3Fe(s)+4H20(g)——— Fe304 (s) + 4 H2 () Ans:
[H2] 4/[H20] 4
b) The equilibrium constant, Kc, for the reaction:

2 NOCI (g) > 2 NO (g) + CI2 (g) is 2.4% 10

Wha is the equilibrium constant, Kc, for the reaction:

1/3CI2 (g) + 2/3 NO (}——» 2/3 NOCI (g)
Ans: 1.6 x 10 2

c¢) Given the following equilibrium equations and their corresponding equilibrium constants:

2 CO2 (g) + H20 (g)——» 202 (g) + CH2CO (9)
Kc=6.1x108

CH4(9)+202(9) ——» CO2 (g) + 2 H20 (g) Kc
=1.2x1014

Find Kc for the reaction:

CH4 (g) +CO2(g) —— CH2CO (g) + H20 (g) Setup:

Ans: 7.3 x 1022 2.

2) A mixture of 9.22 moles of A, 10.11 moles of B, and 27.83 moles of C is placed irliebnentainer at a
certain temperature. The reactisrallowed to reach equilibrium. At equilibrium the number of moles of B is
18.32. Calculate the equilibrium constant for the reaction: A(g) + 2B (g) 3C (g

Practical #03
U To determine the equilibrium state between ferrous nitrate & sodium thiocyan

 C— Xmmmme-X

CHAPTER 6
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ATHERMOCHEMI STRYO

HERMO-CHEMISTRY

INTRO DUCTION:

Major concepts:

Energy in chemical reaction
Thermodynamic

Internal energy

Laws of thermodynamics

Standard state & standard enthalpy changes
Heat capacity

Hessbés | aw

BornHaber cycle

Calorimetry

= =4 4 -8_8_9_9_°_-2°

Conceptual linkage
This unit is built on,
I Exothermic & Endothermic reaction

LEARNING OUTCOMES
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Students will be able to Remembering

Applying

Understanding

1 Define thermodynamics.

"H

L

1 Explain reaction pathway diagram in term|
of enthalpy changes(Born Haber's Cycle)

"

L

M Describe how heat of combustion can be
used to estimate the energy available fron
foods.

"

1 Apply Hess's Law to construct simple
energy cycles.

"

1 Specify conditions for the standard heat o
reaction.

"

1 Use the experimental data to calculate the
heat of reaction using a calorimeter.

114

I |

1 Define bond dissociation energy.

"

1 Relate change in internal energy of a syst
with thermal energy at constant temperaty
and constant pressure.

"

I Name and define the units of thermal ene

"

1 Define the terms system, surrounding,
boundary, stateuhction, heat, heat
capacitywork done and enthalpy of a
substance.

114

I |

1 Classify reactions as exothermic or
endothermic.

"

SKILLS

Analyzing

Applying

Understanding

1 Usestandarcheat of formation to calculate the
enthalpy change of reaction.

"H

1 Determine the heat of a reaction which is
experimentally inaccessible from the heats of a
of reaction which are experimentally measurablg

”

1 Perform calculations involvingnergy cycles
related to Hessods | aw

H
"H

1 Calculate latte energy &enthalpy of formation of

NaCl & MgO from given set of appropriate data.,
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Students will be able to
U Use of hot & cold pouches for coolingl&ating.
U Understand that transformation of matter is accompanied with changes in energy.

Related videos

Thermodynamics First law of thermodynamics Properties of matter

HESS’ LAW

Of Heat Summation

Hessd Law Born Haber Cycle

(THEORITICAL)
THERMOCHEMISTRY
Thermochemistry is the study of the heat energy which is associated with chemical reactions andjor
physical transformations. A reaction may releasabsorb energy,

Introduction:
In Physics, thermodynamics deals with temperature, heat and their relation to energy, radiation, work,
and properties of matter. The energy can be of any forms such as electrical, mechanical, or chemjical
energy. William Thomso coined the term thermodynamics in 1749. It is derived from two Greek
words fAthermeso meaning heat, and Adynami kofso

When we say the word dynamic we think of motion or movement and energy. Thus, the term
thermodynamics means heat movenwerieat flow.

Table of Contents

What is Thermodynamics?
Thermodynamics Timeline

Zeroth Law of Thermodynamics
First Law of Thermodynamics
Second Law of Thermodynamics
Third Law of Thermodynamics
Thermodynamic Properties

What is EnthalpyW/hat is Entropy?

= =a-_a_-9_9_9_°_-212
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M Solved Problem on ThermodynanfiesnmarfFAQs

What is Thermodynamics?

Thermodynamics is the branch of Physics which is concerned with the relationship between othel
forms of energy and heat. We can define thermodynamics as:

The branclof Physics that deals with heat and temperature, and their relation to energy, work,
radiation, and properties of matter.

To be specific, it explains hotiiermal energys converted to or from othésrms of energy and how
matter is affected by this process. Thermal energy is the energy that comes from heat. This heat
generated by the movement of tiny particles within an object. The faster these particles move, the
more heat is generated.

HOT SOURCE (T,)

COLD SINK (T)

What isthermodynami@rocess?

A thermodynamic process is a passage of a thermodynamic system from an initial to a final state
thermodynamic equilibrium.

Thermodynamics Timeline

Thermodynamics has many sections under it and is considered as aubjeatl because it deals with
topics that exist all around us and thus classification becomes necessary.
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Clausius formulated the

Newcomen invented an Carnot published “Reflections Second law of
improved steam engine on the Motive Power of Fire” Thermodynamics
1712 1824 1850
1798 1840
Count Rumford began canonboring Mayer (1842), Joule (1847) and
experiments (dealing with the Helmholtz (1847) independently
conversation of work into heat) arrived at the conservation of

eneargy principle

Classical Thermodynamics:

In this section, the behaviour of matter is analyzed with a macroscopic approach. Units such as
temperature and pressure éaken into consideration which helps the individuals to calculate other
properties and to predict the characteristics of the matter that is undergoing the process.

Statistical Thermodynamics:

In this section, every molecule is under the spotlight ieeptiperties of each and every molecule ang
ways in which they interact are taken into consideration to characterize the behaviour of a group ¢f
molecules.

Pure Component Thermodynamics:

As the name itself states, this section tries to describe the behal/m system that has an
unadulterated or pure constituent.

Solution Thermodynamics:

This section attempts to describe the behaviour of a system that contains more than one chemicg| in
the mixture

Laws of Thermodynamics

|5

The laws of thermodynamics defithe fundamental physical quantities like energy, temperature an
entropy that characterise thermodynamic systems at thermal equilibrium. The laws represent how
these quantities behave under various circumstances.

How many laws othermodynamics are there?

There are four laws of thermodynamics and are given below:

1 Zeroth law of thermodynamics
1 First law of thermodynamics
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T Second law of thermodynamics
T Third law of thermodynamics

Zeroth Law of Thermodynamics

The Zeroth Law is thbasis for the measurement of temperature. It states that:

Two bodies which are in thermal equilibrium with a third body are in thermal equilibrium with each
other.

Zeroth Law Of Thermodynamics Examples:

consider two cupé andB with boiling water.

When athermometer is placed in cdyp it gets warmed up by the water until it reads 100°C.
When it read 100°C, we say that the thermometer is in equilibrium witA.cup

Now when we move the thermometer to &1o read the temperature, it continues to read
100°C

The thermometer is also in equilibrium with cup B.

From keeping in mind the zeroth law of thermodynamics, we can conclude thatadp
cupB are in equilibrium with each other.

The zeroth law of thermodynamics enables us to use thermometers to ctiragansperature of any
two objects that we like.

1
f
f
f

First Law of Thermodynamics

The first law of thermodynamics which is also known as the conservation of energy principle statgs
that:

Energy can neither be created nor destroyed, but it can be chémgedne form to another.

This law may seem abstract but if we look at a few examples of the first law of thermodynamics, We
will get a clearer idea.

First Law Of Thermodynamics Examples:

Fans convert electrical energy to mechanical energy.

Plantsconvert the radiant energy of sunlighttteemical energthrough photosynthesis. We
eat plants and convert the chemical energy into kinetic energy while we swim, walk, breathe
and when we scrothrough this page.

Further on First Law of Thermodynamics
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Heat Transfer

W

Work

E = Internal energy
E.-E.=Q-W

A thermodynamic system in an equilibrium state possesses a state variable known as the interna
energy(E). Between two systems the change in the internal energy is equalitieteece of the heat
transfer into the system and the work done by the system.

The first law of thermodynamics states that the energy of the universe remains the same. Though
may be exchanged between t he sy dordestroged. dhetlaive
basically relates to the changes in energy states due to work and heat transfer. It redefines the
conservation of energy concept.

First Law of Thermodynamics

The First Law of Thermodynamics states that heat is a foenerfyy, and thermodynamic
processes are therefore subject to the principle of conservation of energy. This means that
energy cannot be created or destroyed. It can, however, be transferred from one location t
another and converted to and from otlenfs of energy.

First Law of Thermodynamics Equation

The equation for the first law of thermodynamics is given as;

U = qg + W
Where,
T U = change in internal energy of the sy

1 q = algebraic sum of heat transfer between systens@mnoaundings.
1 W = work interaction of the system with its surroundings.
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AU =-Q-W + Food energy AU = Stored food energy

(a)

Points to Remember

For an isolated system, energy (E) always remains constant.

Internal Energy is a point function and property of the system. Internal energgxteasive
property (masslependent) while specific energy is an intensive property (independent of
mass).

T For an ideal gas, the internal energy is a function of temperature only.

First Law of Thermodynamics Limitations

The first law of thermodynamics statthat whenever a system undergoes any thermodynamic proc
it always holds certain energy balance. However, the first law fails to give the feasibility of the pro
or change of state that the system undergoes.

For instance,the first law fails to ex@in why heat flows from hot end to cold end when a metallic
rod is heated at one end and not on other anéwarsa. The first law only quantifies the energy
transfer that takes place during this process. It is the second law of thermodynamics whitgs provi

eSS
CesS

the criterion for the feasibility of the various processes. We will take an example and understand the

concept further.

First law of Thermodynamics for a Closed System

Work done for a closed system is the product of pressure applied and the chasigeethat occurs
due to applied pressure :

w = 1 P oV
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whereP is the constant external pressure on the systengpafisl the change in volume of the system.
This is specifiwvoalunyeoc awodrekd. Apressur e

The internal energy of a system increases or decreases depending on work interaction that takes
across its boundaries. The internal energy would increase if work is done on the system and decr|
if work is done by the system. Any heat interactioat takes place in the system with its surrounding
also changes its internal energy. But since energy remains constant ( from the first law of
thermodynamics ), the total change in internal energy is always zero. If energy is lost by the systg
then itis absorbed by the surroundings. If energy is absorbed into a system, then it implies that th
energy was released by the surroundings:

pUsystem = T @Usurroundings

wher gsenfipd t he change i n the t ot alumodhdids the chaade ine
the total energy of the surrounding.

Also Read: Third Law of Thermodynamics

Carefully study the table given below:

Process Sign Convention for heat(q)  SignConvention for work(w)
Work done by the system N/A |

Work done on the system N/A +

Heat extracted from the system 1 N/A

Heat added to the system + N/A

Second Law of Thermodynamics

The second law of thermodynamics states that:

Energy in the form dfeat only flows from regions of higher temperature to that of lower temperatuie.

Many individuals take this statement lightly and for granted, but it has an extensive impact and
consequence. This is why it costs money to run an air conditioner. The hadyaoleys the second
law of thermodynamics too.

Second Law Of Thermodynamics Examples

One of the examples of the second law of thermodynamics can be sweating in a crowded room.
Assume yourself to be in a small room full of people. You are very likelyetowfarm and start
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sweating. Sweating is a mechanism the human body uses to cool itself. Here, the heat from your
is transferred to sweat. As the sweat absorbs more and more heat from the body it evaporates ari
transfers heat to the surrounding aigrdby, heating up the temperature of the room.
Different Statements of The Law
There are two statements on the second law of thermodynamics which are;

1. Kelvin- Plank Statement

2. Clausius Statement

Kelvin-Planck Statement

It is impossible for a heangine to produce a network in a complete cycle if it exchanges heat only
with bodies at a single fixed temperature.

Exceptions:

If Q2=0 (i.e., Whet = Qu, or efficiency=1.00)the heat engine produces work in a complete cycle by
exchanging heat with onlgne reservoir, thus violating the Kelvitlanck statement.

Cl ausiusds Statement

It is impossible to construct a device operating in a cycle that can transfer heat from a colder body
warmer without consuming any work.

In other words, unlesstlleo mpr essor i s driven by an extern
operate.

Heat pump and Refrigerator works on Clausiu

T il T

d Kelvindés statements are
statement and vice versa

Both Cl ausi usos
alsovi ol ate Kel vin

an
0s
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Combine

Heat Refrigerator
E—P g in a single

engin device

T
L TL TL
Assume that Kelvin-planck Attach heat engine to Wiolation of
statement is violated refrigerator Clausias statement

In addition to these statemendsi-rench physicist namétcolas Léonard Sadi Carnot also known

asofather of thermodynamics, 06 basically int
per his statemenhe emphasized the use of caloric theory for the description of the law. Caloric (s€
repellent fluid) relates to heat and Carnot observed that some caloric was lost in the motion cycle

Third Law of Thermodynamics
The Third Law states that:

Theentropy of a perfect crystal is zero when the temperature of the crystal is equal to absolute ze
K)

Entropy i s s wasteénergge s . ®al,|l e chei energy that 1is
is noheat energwhatsoever at absolute zero, there can be no waste energy.

Third Law Of Thermodynamics Examples:
Let us consider steam as an example to illustrate the third law of thermodynamics step by step:
We know that steam is a gaseous sbat@ater at higher temperatures. In this state:

1. The molecules within it move freely and have high entropy.

2. If one decreases the temperature below 100°C, the steam gets converted to water, where
movement of molecules is restricted, decreasing the gntfopater.
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3. When water is further cooled below 0°C, it gets converted to solid ice. In this state, the
movement of molecules is further restricted and the entropy of the system reduces more.

4. As the temperature of the ice further reduces, the movemerd ofdlecules in them are
restricted further and the entropy of the substance goes on decreasing.

5. When the ice is cooled to absolute zero, ideally the entropy should be zero. But in reality, i
impossible to cool any substance to zero.

Thermodynamic Properties:

Thermodynamic properties may egtensiveor intensive.

T Intensive properties are properties that do not depend on the quantity of matter.
For example,pressure and temperature are intensive properties.

T In the case oéxtensive properties, their value depends on the mass of the system.
For example volume, energy, and enthalpy are extensive properties.

What is Enthalpy?

Enthalpy is the measurement of energy in a thermodynamic system. The quantity
ofenthalppe qual s t he tot al content of heat of
energy plus the product of volume and pressure.

Mathematically, the enthalp¥l, equals the sum of theternal energyE, and the product of the
pressureP, and volumey, of the system.

H=E+PV

What is Entropy?

Theentropyis a thermodynamic quantity whose vatlepends on the physical state or
condition of a system. In other words, it is a thermodynamic function used to measure the
randomness or disorder of a system.

For example the entropy of a solid, where the particles are not free to move, is less thatrdpg e
of a gas, where the patrticles will fill the container.

Reference page/site
https://byjus.com/physics/thermodynamics/
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Born Haber Cycle.

Born Haber cycle is a cycle of enthalpy changprotess that leads to the formation of a solid
crystalline ionic compound from the elemental atoms in their standard state and of the enthalpy o
formation of the solid compound such that the net enthalpy becomes zero.

Born Haber Cycle Examples

Example 1:Born Haber cycle of sodium chloride NaCl, (or any ABtype Mono-valent ionic
solid).

The heat of for mat i%fromthé sodiumdetal and chlbrineogas canebe ( o
experimentally measured.

Na (s) Hfrac{1}{2} 21Cl2( g) Y N a°GH4L1&JymolgpH

The formation of ionic solid sodium chloride form solid sodium metal and gaseous chlorine is not

il

single step process but goes through several processes. Heat changes of all the processes except the

lattice energy can be experimentally measured

The processes or steps in the formation of sodium chloride are

1.Solid sodium atom sublimes to gw®seous atom
Na (s) Y Na (g),

Subl i mat i oum=+eld7&dmgply oH

2. Gaseous sodium atom absorbs the ionization enenggldase one electron and forms gaseous
sodium ion.

Na(g) "+ Ma
l oni zat i ogr +80Bkd/may y eaH

3. Diatomic gaseous chlorine breaks into two individual atoms by absorbing bond energy, such th
each chlorine atom absorbs half of the borergy of chlorine molecule.

Cl( g) Y \Pagi{e}¢)
Bond dissociation energy of chlorinéfrac{1}2} 21 & Hiss= \frac{1}{2} 21242 = +121kJ/mol

4. Chlorine atom accepts an electron to form chloride ion and releases energy equivalent to electr
affinity.

Cl(g) + 1é Y CI' (g)
El ectron aE355klimbly = @aH

5. Gaseous sodium ion and gaseous chloride ion combine to form solid sodium chloride molecule
releases energy equivalent to lattice energy.

Na'(g)+Cf( g) *YCI'(8)a
Latticee ner g ye=H="2H
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Summation of enthalpy of all the processes from step 1 to step 5) give the net enthalpy of formati
solid crystalline sodium chloride from sodium and chlorine in their standard conditions of solid anc
gas respectively. This shoub@ equal to the experimentally measured enthalpy of formation of solid
sodium chloride.

The enthalpies are represented as a cycle in the figure.

Born Haber Cycle for Sodium Chloride

]

AH{
Na(s) +1/2 Cla(g) —eip  NaCl(s)
A
AHsub AHgiss
Y \J
cl
Nale) e Lattice Energy (U)
lonisation Energy (IE) Electron
Affinity (EA)
\ \
Na®@ + d

So, PxpHe+ aMfrac{l{2} 2leHis+ eH U i ( gpt+ aH\frac{1}{2} 21
e His + @ Ha+ U)=0

411 + 107 + 502 +128355+U =0

Here, except lattice energy, all other enthalpies can be experimentally measured.
Lattice energy of the % 0ddtutmaedhl aseHdad sol id
=-411-107-502-121 +355

=T 786kJ/md

Example 2: Lattice energy of magnesium oxide (or any ABype Divalent ionic solid).

The heat of for mat i @rronotie magnegsione reetaland oxygen ghs carf bep
experimentally measured.

Mg (s) +\frac{1}{2} 210.( g) Y Mg O( s)

o HP = -602kJ/mol

The processes or steps in the formation of magnesium oxide are

1.Solid magnesium atom sublimes tosgfyaseous a
Mg (s) Y Mg (g), Sorhkil3bkdimali on energy oH

2. Gaseous magnesium atom releases twaireles in two steps with corresponding ionization
energies.

Mg(g) "(§)+Mdy, | oni zat eo n738kInelr gy aH
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Mg*'( g) ¥(QMdé, | oni zat Aesnldsdkd/eol gy aH
So energy of g=3788ni1450 2188kJ/mel eH

3. Diatomic oxygerbreaks into two individual atoms by absorbing bond energy, such that each
chlorine atom absorbs half of the bond energy of the chlorine molecule.

O g) Y \frad1${2} 1 Bond dissociation energy of oxygekfrac{1}{2} 21
& Hiss \frac{1}{2} 21498 =+249kJ/mol

4. Oxygen atom accepts two electrons to form oxide ion and releases energy equivalent to two
electron affinities.

O(g+1éY O(g) El ectr dm=-a42K/mali ty = @&H
O(g)+1éY O*(g) El ectr Fm=49kdimoli t y = aH
Totalener gy rel eased as el ectroepn=+856K)moli ty by t

5. Gaseous magnesium ion and gaseous oxide ion combine to form solid magnesium oxide mole
and releases energy equivalent to lattice energy.

Mg? (@) +F(g) ¥YO*NsylLatti ce ewmp=el=®y = a&H

Summation of enthalpy of all the processes from the starting step to the final step gives the net
enthalpy of formation of solid crystalline magnesium oxide from magnesium and oxygen in their
standard conditions of solid andsgaspectively. This should be equal to the experimentally measur
enthalpy of formation of solid magnesium oxide.

The enthalpies are represented as a cycle in the figure.

Born Haber Cycle for Magnesium Oxide

-"\H |'ﬁ
Mg(s) +1/2 O2(g) ——— MgO(s)
A
AHsup AHyiss
Y \J
U * -
Mele) (e) Lattice Energy (U)
Ionisation Energy (IE) Electron
Affinity (EA)

v Y

Mgt + o

AH = AHgy + IE +AHg, + EA +U

So, P=pHai+ a@M\frac{1}{2} 21eHis+ a&H U i ( qpti+ aM\frac{1}{2} 21
&His+ a&aHU)=0

602 + 136 + 2188 + 249 +656 + U =0

Here, except lattice energy, all other enthalpies can be experimentally measured.
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Lattice energy of the Ma(gmie+s iamMifracdl}2}dleeHso | i d
%hiA).

=-6027 1367 2188i 249-656 =-3831kJ/mol

Reference page/site
https://byjus.com/jee/bornthabercycle/

Hessds Law

Hes saw al so known as Hesso6s | aw of constant
energy changes (enthabppHr ec) accompanying a chemical r
irrespective of the way the reactants react

Hess law s based on the state function character of enthalpy and the first law of thermodynamics.
Energy (enthalpy) of a system (molecule) is a state function. So, enthalpy of reactant and product
molecules is a constant and does not change with origin and gatimation.

Importance of Hess Law

Every substance (atom/ molecules) possess energy within. The internal energy depends on the n
of force existing in the substance and the temperature. When the substance undergoes chemical
reactions, some of the boncklsnnecting some atoms are broken and some bonds are made new. T
breaking and making of bonds involve energy.

So, in reactions, product substances may have either less or the same or more energy than the r¢
substances. Reactions accordingly mayasdeheat to become exothermic or absorb heat and
endothermic. Reactants may further react to give the product;

1. In singlestep or
2. In multi-steps or
3. Along with other products.

Knowledge of the energy changes in any reaction is essential foathipulation of the reactants and
products in a chemical process to our requirement.

Heat energy changes of reactions measured a
and energy measured at constant pressure is ealied/py changegpH .

The experimental measurements give only the net value of all reactions or products formed. It is 1
possible to measure experimentally the enthalpy change of an intermediary reaction step or any
intermediary product.

For example, carbon reacts with oxygen to form carbon dioxide in excess oxygen. Carbon and oX
combine to form carbon dioxide directly or in two steipgially form carbon monoxide and then go
to carbon dioxide. Measurement will’g the energy changes for the formation of carbon dioxide onl
and not for carbon monoxide.
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Similarly, measuring the enthalpy of formation of benzene, from carbon and hydrogen is not poss
because carbon and hydrogen may combine to form not onlyrie=hméalso other types of
hydrocarbons in the given conditions.

Hessodos | aw is useful and i-seasutalde eotmalpyychanwges/in o f
physical and chemical changes.

Forms of Hess Law

Hess law is stated in many different ways.

For multi-step reactions:

ble,

If reactants react to form products not in a single step but in a number of consecutive steps involving

many intermediary products, the sum of all the reactants, products and the corresponding energy
changes will give the reactantpoplucts and heat energy changes of the overall reaction. So, like
molecules, heat energy changes also can be subjected to mathematical operations.

For multidifferent reactions:

If the reactants and products of a required chemical reaction can be obtathedsummation of
many other chemical reactions, the enthalpy of the required reaction of reactants to the products
can be obtained by the sum of the enthalpy changes of all those chemical reactions.

a) Hess law and multistep reaction:

A AH, . B
initial final
reactants products

mtermedlates
{c) Doc
> E Brown

mterme dlates AH 5 intermediates

Reactant can form product B by following three different steps. C, D and E are intermediates in the

other stepwise reactions. Hess | aw states t
irrespective of the path.

So, the enthalpy of diresinglestep reaction and other paths giving intermediates C, D and E shou
be the same. oH1 = @H2+ ®@H3 = @H4 +@pHS5+ PHG6.

Example: Carbon reacts with oxygen to form carbon dioxide releasing 94.3kcals of heat in a sing|
step. Carbon can also react in a4stp process of forming an intermediate carbon nmxide,
whi ch again is converitHeaireleasedcar bon di oxi de.
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C+QY CO + 26.0 kcals

CO+QY (0O 68.3kcals

On adding the two reactions, C +® C,@ 94.3kcals

As per Hess H agpH-26.0H683 = @d3Kcals

Net reaction enthalpy of both reactions is the same as that of-stegléormation. So, enthalpy of
reaction does not change on the path followed by the reactants.

b) Hess law and multidifferent reactions:

Combustion of carbon, sulphur and carbon disulphide are exothermic with an enthalpy of
393.5kJ,-296.8kJ and-1075kJ.

Reactions are

C)+0(g) ¥(g©QO + 393.5 kJ éé.. (1)
S(s)+Q(g) Mg90 + 296.8 kI .éé. (2)
CS()+30%( g) ¥g) €230Q(g) +1075.0kIJé é . ( 3)

These reactions and enthalpy changes can be treated as algebraic equations to get the heat of fgrmat
of carbon disulphide even without doing experiments.

Equation 1: C(s)+ & g )  ¥(g) € 893.5kJ

2x equation 2:2S(s) + 20 g ) Y (gR+$®B.6 kJ

Reverse of equation3: G@) + 2SQ( g ) M) +36x(g) -1075.0 kJ
Adding the three rea@®#7okis: C (s) + 2S (s) [y

Formation of carbon disulphide is an endothermic reaction.

Application of Hess law of Heat Summation

Hess law oheat summation is an efficient way to estimate heat changes that cannot be measured
experimentally.

1. Enthalpy change in a physical change

Carbon and diamond are allotropes of carbon. But measuring the energy change in the conversion of
graphite to diamash cannot be determined, as the process cannot be carried out. Still, the heat chgnges
for this hypothetical physical change can be calculated using Hess law.

Graphite and diamond combine with oxygen with the heat of reaction a893.4kJ andi 395.4kJ
respectively.

C (graphite) + @Y C.@H g r-393:4kJ
C (diamond) + @Y Co@H d i-395%4kJ

Reversing the combustion reaction of diamond as
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Co:Y C (di ampHthdi) = 40 395. 4kJ

Adding,
C (graphite) + @Y CAQpHg ri 393.4kJ
C (graphite) Y C (diamond) o@Htr = +2.k1J

Enthapy change in the allotrope transition of graphite to diamond is endothermic of 2KJ.

2. Enthalpy change of chemical reaction

The bond energy of hydrogen, iodine and hydrogen iodide are 218, 107kJ and 299kivebspec
Estimate the enthalpy of hydrogen iodide formation. Is the reaction endothermic or exothermic?
Formation of hydrogen iodide from hydrogen and iodine follows the reaction

\frac{1}{2} 21H.(g) +\frac{1}{2} 21( g) Y HI ( g)

Enthalpy offormation of hydrogen iodide is the heat changes occurring when one atom of hydroge
and one atom of iodine react to form one mole of hydrogen iodide in standard conditions (as gas)
get one atom of hydrogen or iodine the molecular bond has to be broken

Heat of formation = Bond energy of HIBond dissociation of ki Bond dissociation energy of. |
= 2997 (218 + 107) = 29825 =26kJ

As the heat of formation is negative, the reaction is exothermic.

3. Enthalpy of formation

When carbon combines with tigogen, many hydrocarbons can be formed. Hence the heat of
formation of benzene cannot be determined experimentally. The heat change can be calculated
Hess law.

6C+30Y @EspH Hz="7

Heat of formation of carbon dioxide and water are-393.5kJand-285.8KJ respectively. Heat of
combustion of benzene is3301kJ.

C+QY C@H1-393.5kJé. .1

Ho+ QY #0 pH2 85 . 8k Jéé?2

CeHe+90,Y 6 ¢#BH,O @H3 3V 1kJ éé. 3

6 x Reaction 1: 6C +6Y 6 @OpH 12 3F61kJé. . 1

3 x Reaction2: 3b#+ 3Q,Y 38 3 pHR5 %. 4k Jéé2

Reverse of reaction 3: 6G® 3H,0 Y eHEG 9O-pH3 = +3301kJ éé. 3
Adding the three reactionC + 3BY @&lsqpH= +82. 6 k J

Heat of formation of benzene is 82.6kJ
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Reference page/site.
https://byjus.com/jee/hesslaw-of-constantheatsummation/

Exothermic Reaction.

An exothermic reaction is a reaction in which energy is released in the form of light ofthesain an
exothermic reaction, energy is transferred into the surroundings rather than taking energy from the
surroundings as in amdothermic reactiorin an exothermic reaction, changeient hal py C
negative.

Endothermic Reaction.

Endothermic reactions are chemical reactions in which the reactants absorb heat energy from th
surroundings to form products. These reactions lower the temperature of their surrounding area, therek
creating a cooling effect. Physical processes can be endothermic adceeatubes absorb heat energy|
from their surroundings and melt to form liquid water (no chemical bonds are broken or formed).

Heat energy

P
4
Wy

Reactants =y Products

How are Endothermic and Exothermic Reactions Diffeéten

The terms OEndod and O0Exod have Greek roots
suggest, the primary difference between endothermic and exothermic reactions is that the former ansorI
heat from the surroundings whereas the latterli@goa release of heat.
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Exothermic Vs. Endothermic

ﬁ ﬁ

Heat Heat

QSM

£a 2 L%y

Some other differences between these types of chemical reactions are tabulated below.

Hotter than éHeat Heat 9

Surroundings

Endothermic Reaction Exothermic Reaction

The system absorbs heat from the surroundin¢ The system releases heat into sheroundings

Iof)‘e entropy of the su ;.4 entropy of the su

Ent hal py change ( gpH) H i s negative

Energy Level Diagram of an Endothermic Reaction

The simple energy level diagram ehdothermic and exothermic reactions are illustrated beloyv.
Theactivation energys the energy that must be provided to the reactants so that they can overcome the

energy barrier and react.

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel26



https://byjus.com/chemistry/activation-energy/

activation -
activation

ener
S 9y energy
= 2
o U
- o W ol
W |reactants I s products
S 2
- / o S R 2 AN
E ene"gy producfs g recactants eﬂel‘gy
released absorbed
» . >
Reaction Progress Reaction Progress
Exothermic Endothermic
reaction reaction

Reference page/site.
https://byjus.com/chemistry/endothermiexothermicreactionsdifference/

S| Unit of Heat

Generally, in the SI system, all forms of energy are measured in terms of joules. Notably, heat is
form of energy and therefore the si unit of heat is also joules (J) which is defined as the amount o
energy needed to raise the temperature of a gives bhyasne degree. Usually, 4.184 joules of heat
energy is necessary to increase the temperature of a unit weight (say 1 g) of water from 0 degree
degree Celsius.

Other Heat Units

In the CGS system, heat is expressed in the unit of calories wiilgthisr said to be the heat energy
needed to increase the temperature of 1 gm of clean water by one degree Celsius. Sometimes
kilocalorie (kcal) is also referred to as a unit of heat where 1 kcal = 1000 cal.

Additionally, the British thermal unit (BTU) wbh is part of the imperial system is also used to
measure or calculate heat.

Units of Heat
Calorie 1 cal 4184 J

Joules 1J 0.000239006 kcal / 0.000947817Btu
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BTU 1 Btu 1055.06 J

Reference page/site
https://byjus.com/physics/untof-heat/

(NUMERICALYS)
ATHERMODYNAMICS 0
1.3000J of heatis addedto a systemand 2500J of work is done by the system.What is the
changein internal energy of the system?
Data:
Heat(Q) = +3000Joule
Work (W) = +2500Joule
Wanted:the changen internalenergyof the system
Solution :
The equation of the first law of thermodynamics
pU=Q-W
Thesignconventions
Qs positiveif theheataddedo thesystem
W is positiveif work is doneby the system
Qis negativef heatleavesthe system
W is negativeif work is doneonthe system
Thechangan internalenergyof the system:
o U= 30002500
o U= 500Joule
Internalenergyincreasedy 500Joule.

2.2000J of heatleavesthe systemand 2500J of work is doneon the system.What is the change
in internal energyof the system?

Known:

Heat(Q) =-2000Joule

Work (W) =-3000Joule

Wanted:The changdn internalenergyof the system

Solution:

P U=Q-W

g U=-2000(-3000)

o U= -2000+3000

o U=1000Joule
Internalenergyincreasesy 4500Joule.

Reference page/site
https://physics.qurumuda.net/thiest-law-of-thermodynamic®problemsandsolutions.htm
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AiHe s s 60s | aw
Example#1:Cal cul at e t he folowingeeactoh: qHA f or t he
P4O10(s) + 6PCd(g) ---> 10CBPO(g)

using the following four equations:

a) P(s) + 6Ck(g) > 4PCh(g) HA = 11
b) Py(s) + 5Q(g) ---> P4O14(S) PHA = 12
c) PCk(g) + Ck(g) —>PCh(g) HA = 18
d) PCH(g) + 180x(g) -~-> CkPO(g) (P HA = T 2

Solution:

1) We know that FO10 MUST be on the lefthand side in the answer, so let's reverse (b):
b) PO1o(s) > Py(s) + 5Q(g) pHA = +2

2) We know that PGIMUST be on the lethand side in thanswer, so let's reverse (c) and multiply it
by 6:

c) 6PCH(g) ---> 6PCh(g) + 6Ch(g) pHA = +!
3) We know that GPOMUST have a 10 in front of it:
d) 10PC}(g) + 5Q(g) ---> 10CkPO(g) pHA = 1

4) Now, write all four equations, birtcorporate the revisions:

a) Ri(s) + 6Ck(g) —-> 4PCH(9) @HA = 711
b) P4O10(S) ---> P4(s) + 5Q(q) @HA = +2
c) 6PCK(g) -—-> 6PCh(g) + 6Ch(g) @HA = +5
d) 10PCl(g) + 50(g) ---> 10CkPO(g) PHA = T 2
5)Now,wewiladd all four equations as well as the
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a) R(s) cancels out (see equations a and b)
b) Ck cancels out (see equations a and c)

c) O cancels out (see equations b and d)

d) PCk cancels out (see equations a+c and d)

6 ) THY ealuep added together:
i1225.6 kJ + (+2967.3 kJ) + (+505.2 kJ) +
7) The answer:

P4O10(s) + 6PC4(g) ---> 10CEPO(Q) oHA = 1

Reference page/site
https://www.chemteam.info/Thermochem/HessLawlIntrolb.hti

STUDENTO0OS ASSESMENT
(Theory base)
What are the three laws of thermodynamics?
What is the importance ahermodynamics?
How is thermodynamics used in everyday life?
Who is regarded as the Father of Thermodynamics?
What is an example of negative work?
Can energy be destroyed or lost?
Fans convert electrical energy into mechanical enertjys is explained bwhich law?
What is the significance of internal energy?
What factors affect internal energy?
Is internal energy a state function?
Why is entropy constant at the triple point of water?
Does freezing increase entropy?
Can entropy ever decrease?
Can entropyoe infinite?
Can entropy be negative?
What causes entropy?

Tou T 3o 3o D I o I I D D D B B I D

(Numerical base)
1. Calculate the reaction enthalpy for the formation of anhydrous aluminum chloride:
2AI(s) + 3Ch(g) ---> 2AICly(s)

from the following data:

2Al(s) + 6HCI(aqg)--> 2AICIs(aq) + 3H(g) ®HA = 1
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HCI(g) ---> HCl(aq) pHA T

H2(g) + Ck(g) ---> 2HCI(g) pHA = 1

AICl 5(s) ---> AICls(aq) pHA = 1
2. The heat of combustion for the gases hydj
1T1559. 9 kJ/ ma298Kr Galsutate ¢at thesame yemperature) the heat of reaction

for the following reaction:

2CHs(g) ---> CzHe(g) + Hz(Q)

The data given are these three reactions:

Hz + 180, ---> H0 oH = 12
CHi+ 20 -->CO;+2HO H = 1 8
CoHe + @02 --->2CQ:+ 3HOpH = 1 1

3. 125 kJ of energy is added to a system while 104 kJ of work is done by the system. Calculate
the change in internal energy (in kJ).

4. You add coal to an old steam engine on a train. The coal adds 150kJ of enetigy entgine.
The engine then does 120kJ of work. What is the change in internal energy of the engine?

Practical # 04
M Determine the heat of Neutralization of HCL & NaOH.
91 Determine the enthalpy change of §ti & CaClk.

Reference page/site
https://ffiles.transtutors.com/cdn/uploadassignments/thermohw4 635730065490227326.pdf

https://www.chemteam.info/Thermochem/Hes8egprob1-10.html

RelatedVideos
https://youtu.be/oXxX1INmE7Ho
https://youtu.be/dWwZIOSi Vw
https://youtu.be/TYylc61lgdnl
https://youtu.be/BbTZoJ K 14
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CHAPTER 7

ACHEMI CAL KI NETI CSOo

Chemiical

~

INTRO DUCTION:

Major concepts:
1 Chemical Kinetics
1 Rates of Reactions
1 Collision Theory, Transition State and Activation
1 Catalysis
V Characteristics of Catalysts
V Homogeneous Catalysis
V Heterogeneous Catalysis
V Enzyme Catalysis

Conceptual linkage

This unit is built on,

Rate law or Rate Expssion

Elementary and overall Rate Constant and Units
Order of Reaction and its Determination

Factors Affecting Rate of Reaction

= =4 =4 -9
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LEARNING OUTCOMES

Students will be able to

Analyzing

Applying

Understanding

Explain that a catalyst provides a reaction
pathway that has low activation energy.

"H

L

Explain why powdered zinc reacts faster.

"

L

Describe enzymes as biological catalysts.

1 1 4

Define terms catalyst, catalysis,
homogeneous catalysis and heterogeneoi
catalysis.

11 4

I |- L

Describe that increase in collision energy
increasing the temperature can improve tl
collision frequency.

"

Describe the role of the rate constant in th
theoretical determination of reaction rate.

"

Explain the significance of the rate
determining step on the overall rate of a
multi-step reaction.

"

Explain effects of concentration,
temperature and surface area on reaction
rates.

"

Given a potential energy diagram for a
reaction, discuss the reaction mechanism
the reaction.

"

Use the collision theory to explain how the
rate of a chemical reaction is influenced b
the temperature, concentration, size of
molecules and.

"

Rdate the ideas of activation energy and {
activated complex to the rate of a reactior

"

Explain what is meant by the terms
activation energy and activated complex.

"

Given the order with respect to each
reactant, write the rate law for the reactior

"

Explain qualitatively factors affecting rate
reaction.

114

I |

Explain and use the terms rate of reaction
rate equation, order of reaction, rate cons;
and rate dtermining step.

"

Define chemical kinetics.

"
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SKILLS Analyzing| Applying | Understanding

1 Show energy diagram that represent the
activation energy and show the effects of
catalyst.

"H

i Calculate initial rate by using concentration
data.

of initial rates.

91 Deduce the order of reaction using the meth "H

SOCIETY, TECHNOLOGY AND SCIENCE
Students will be able to

U Describe how enzymes can be effective in removing stains from fabrics. (Applying)
U Understand that chemistry deals with the tramsftion of matter.

l

Related videos

CHEMICAL KINETICS

INTRODUCTION

RF\T €S of

RencTion

Rate of reaction

Collision Theory

Molecularity vs order Collision Theory

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui

Concentration and pressure:

Factor effecting the rate of reactior
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https://www.youtube.com/watch?v=DbEecMtO6aY
https://www.youtube.com/watch?v=SPXanyy3-hU
https://www.youtube.com/watch?v=jd6U5nQcqKc
https://www.youtube.com/watch?v=wbGgIfHsx-I
https://www.youtube.com/watch?v=qpoAb8rhUr0

(THEORITICAL)
Chapter overview

Chemical Kinetics

Chemical kinetics tell us the speed at which chemical species transform into new substances by breaking pnd
reforming their molecular bonds. In other words, it studies the rates and processes of chetioiosl rea

&

The kinetics determines how and how fast you get there, while thermodynamics determines the direction yjou al
going and where you eventually end up.

Reference page/site
https://www.ansys.com/blog/chemicakineticsbasics

RATE OF A CHEMICAL REACTION
"It is defined as the quantity of a reactant consumed or the

guantity of a product formed in unit time."
In other words:

The conversion of the number of moles of reactants into products in unit time. The rate of reactiol
constant throughout the activity but decreases with time due to decrease in the concentration of r
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RATE OF REACTION

CONCENTRATION r+++»

TIME -

© Byjus.com

MATHEMATICALLY:

Decrease in concentration of reactants
RATE OF REACTION =

Time in which the change takes place

In other words,

Increase in concentration of products
RATE OF REACTION =

Time in which the change takes place
UMNIT: mole fdm?. Sec

VELOCITY OF
REACTION
Since the rate of reaction is not constant throughout the reaction, therefore, we cannot determine the uniform rate
precisely.
Thus velocity of reaction may be defined as the rate of reactionpatrticular given moment i.e. at a specific time.
If we consider a very small interval of tirdein which the change in concentratialx is taken to be nearly constant, the
reaction is given by:

dx
VYELOCITY OF REACTION = ac

Velocity of reaction is actually theinstantaneous rate of reaction.

RATE EXPRESSION & RATE CONSTANT
Consider a general reaction:
Reactants —— Productks
According to the law of mass action, rate of reaction is directly proportional to active mass, hence for the above
reaction:

Rate of reaction @ [Reactants]

Rate of reaction = K[Reactants]-——-——-—(i}
This expression is called rate expression and K is called rate constant or velocity constant.
CHARACTERISTICS OF
RATE CONSTANT
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For example:
2NO+Q —> 2NO;

the reaction is of third orderas 2+ 1 =3

M It has a fixed value at a particular temperature.
(i) Value of K varies with temperature.
(iii) Value of K remains unaltered with the change in concentration of reactants.

ORDER OF REACTION

"The order of reaction is defined as the sum of all the exponents
of the reactants involved in the rate equation.”

It should be noted down that all the molecules shown in a cheegjuation do not determine the value of
reaction but only those molecules whose concentrations are changed are included in the dete
order of a reaction.

In other words:
"The number of reacting molecules whose concentration alters as
result of chemical reaction is termed as the order of reaction."

dx/dt = kINOJ2[02]

For a reaction maximum order is three and the minimum is zero.

FIRST ORDER REACTIONS

The reaction in which only onaolecule undergoes a chemical change is called first order reactions. E
N2 Os 2N + 12 O
SECOND ORDER REACHONS

The reaction in which two molecules undergo a chemical change is called secondanti@ns. Example:
2CH3CHO ——> 2CHs+2CO
THIRD ORDER REACTIONS

The reaction in which only three molecules undergo a chemical change is called third order reactions:

2NO + & 2NO,
—

SPECIFIC RATE CONSTANT
Rate constant determined when the concentration of each reactant is unity i.e. onehtivdedns
called specific rate constant.
In other words:
Specific rate constant at a given temperature malebeed as the rate of reaction when the molar
concentration of each reactant is unity.

MOLECULARITY OF REACTION
The total number of molecules taking part in the rate determining step of a chemical reaction is c4
"molecularity” of the reaction.
A reection is unimolecular if only one molecule is involved in its 1@é&¢ermining step.
A reaction is bimolecular if two molecules take part in its-gEgermining step.
For exampleC>HsOH O 0C2H4 + HO Is a unimolecular reaction because only one molasule
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involved.
REMEMBER : The molecularity of a reaction can not always be predicted by the chemical equatign
alone, that every reaction must follow the rules of chemical kinetics.

ENERGY OF ACTIVATION
For a collision to be effective, the sum of enerfgalliding molecules must equals or exceeds some
minimum value called the activation energy of the reaction. It is the minimum energy needed to
convert reactants into products.
It is denoted by Hheactivation depends upon the nature of the chemical bonds undergoing rupture.
Another definition of activation energy is that:
"The minimum energy which the reacting species must posses in order to be able to form an
activated complex or transition state lefore proceeding to the products".

Reactions having higher activation energy are slow while those having high energy of activation
proceed with slow speed.

EXPLANATION
A reaction takes place when molecules of reacting substances collide togethertigutallision are
not effective i.e. do not lead to the formation of product. It has been found that only those collisior|s
are effective in which the colliding molecule possess a minimum amount of energy known as
threshold energy. Before collision the nmiées of reactants in their normal state do possess their
respective internal energy, but their average internal energy is less than threshold energy. Now the
molecules must acquire the difference of energy, to have effective collision. The excessratehgy t
reactant molecules, having average energy less than the threshold energy,must acquire in order {o re:
and change into products is called activation energy. The speed of a reaction depends upon the
activation energy of molecules.

T hreshold Encroy

Activation
enerzy

‘1
\‘\

A¢tivation
of
Enery

-

AAvcragoe
Intcrnal i
Encrow f'

Reactants

Activation energy = Threshold energyi Average internal energy

ACTIVATION ENERGY AND RATE OF REACTION
The reactions having low activation energies take place with high speed.
The reactions having high activation energies take place with slow speed.
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Energy ""}7’*\"; """ Activation Energy
: without catalyst

e T 4--- Activation Energy
mﬁl, with catalyst
|

Fraoducts

Frogress of reaction

ACTIVATION ENERGY AND TEMPERATURE
Reactions having low activation energies take place at low temperature
Reactions having high activation energies take place at high temperature

ACTIVATION ENERGY AND CATALYST
The presence of positive catalyst increases the ratesacion by decreasing the energy of activation

Reference page/site
Notes of city colligiate

Factors Affecting the Rate of Reaction

The various factions that can affect the rate of a chemical reaction are listed in this subsection.

Nature of thereaction

1 The rate of reaction highly depends on the type and nature of the reaction. As mentioned
earlier, few reactions are naturally faster than others while some reactions are very slow.

1 The physical state of reactants, number of reactants, compléxésation and other factors
highly influence the reaction rate as well.

1 The rate of reaction is generally slower in liquids when compared to gases and slower in s
when compared to liquids. Size of the reactant also matters a lot. The smaller tie size
reactant, the faster the reaction.

Effect of concentration on reaction rate

1 According to thecollision theory the rate of reaction increases with the increase in the
concentration of the reactants.

1 As per the law of mass action, the chemical reaction rate is directly proportional to the
concentration of reactants.
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T This implies that the chemical reaction rate increases with the increase in concentration an
decreases \th the decrease in the concentration of reactants.

1 Time plays a major role in changing the concentration of reactants and products. Therefore
even time is a vital factor affecting the reaction rate.

Pressure factor

d

1 Pressure increases the concentratiogaskes which in turn results in the increase of the rate C]E
eqases

reaction. The reaction rate increases in the direction of less gaseous molecules and decr
the reverse direction.

1 Thus, it can be understood that pressure and concentration are intesink#vht they both
affect the rate of reaction.

How does temperature affect the reaction rate?

T According to collision theory, a chemical reaction that takes place at a higher temperature
generates more energy than a reaction at a lower temperature.

T This isbecause colliding particles will have the required activation energy at high temperatyre

and more successful collisions will take place.

1 There are some reactions that are independent of temperature. Reactions without an activ
barrier are examples ahemical reactions that are independent of temperature.

Reference page/site
https://byjus.com/chemistry/rateof-reaction/

Collision Theory

According to the collision theoryi t malecules of reactants are assumed to be hard spheres and
the reactions are assumed to occur only .8be
it was important to quantify the number of collisions occurring in order to form products seethat
can have a clear picture of the reaction, and hence came the term collision frequency.

Collision Frequencycan be understood as the number of collisions per second per unit volume of
reacting mixture. It is generally denoted by Z.

Let 6 s c dallawinglbémoleculdr elementary reaction:
P + Q Y Product
Now as per the collision theory, the rate of the above reaction can be given by:
Rate=Z2 PQeT E&REécéecéeée. (1)
Where:

T Zpo= collision frequency of reactants P and Q
1 Ea= Activation Energy
1 R =Universal Gas Constant
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T T = Temperature in absolute scale

A+BX —— B+ AX

@A)~ < -
Ineffective Collision
% Effective
" @ Collision * °°

Reference page/site
https://byjus.com/chemistry/thecollisiontheory-of-chemicaireactions/

Catalyst

In Chemistry, catalysts are defined as those substances which altgethereactioy changing the

path of reaction. Most of the time a catalyst is used to speed up or increase the rate of the reaction.

However, if we go into a more deeper level, catalysts sed to break or rebuild the chemical bonds
between the atoms which are present in the molecules of different elements or compounds. In es
catalysts encourage molecules to react and make the whole reaction process easier and efficient

Some of the imprtant characteristic features of catalysts are,

A catalyst does not initiate a chemical reaction.
A catalyst does not be consumed in the reaction.

Catalysts tend to react with reactants to form intermediates and at the same time facilitate
productionof the final reaction product. After the whole process, a catalyst can regenerate.

A catalyst can be either solid, liquid or gaseous catalysts. Some of the solid catalysts include met
their oxides, including sulfides, and halides. Semeitallic elemats such as boron, aluminium, and

silicon are also used as catalysts. Likewise, liquid and gaseous elements which are in pure form 4
used as catalysts. Sometimes, these elements are also used along with suitable solvents or carrig

The reaction whichnivolves a catalyst in their system are known as catalytic reactions.

Types of Catalystswith Examples

There are several types of catalysts that can be used depending on the need or requirement of the

chemical reaction. They are as follows;

Positive Catalyds

5ENC

the

als o

\re
eI'S.

Catalysts which increase the rate of a chemical reaction are positive catalysts. It increases the raie of

reaction by lowering the activation energy barriers such that a large number of reaction moleculeg
converted into products, thereby the peragatof yield of products increases.
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Example: In the preparation of NHyH a b e r 6 slromoxidecaetssas a positive catalyst and
increases the yield of ammonia in spite of less reaction adgwtr.

Negative Catalysts

Catalysts which decrease the rate of reaction and negative catalyst. It decreases the rate of react]
increasing the activation energy barrier which decreases the number of reactant molecules to trar
into products and herdhe rate of reaction decreases.

Example: Decomposition of Hydrogen peroxide into water and oxygen is retarded by using
Acetanilide, this acts as a negative catalyst to decrease the rate of decomposition of hydrogen
peroxide.

Promoter or Accelerators

A substance which increases the catalyst activity are known as Promoters or accelerators.
Exampl e: I n Haberdéds process molybdenum or a
Promoters.

Catalyst Poisons or Inhibitors

Substances which decrease the catalyst activity are known as catalyst poisons or inhibitors.

Example: In the hydrogenation of alkyne to an alkene, catalyst palladium is poisoned with barium
sulphate in quinolone solution and the reaction is stopped atedlieel. The catalyst is known as
Lindlerds catalyst.

Catalysis

When a catalyst is used to increasertiteof achemical reaction this phenomenon is known as
catalysis.

Types of Catalysis

On the basis of nature and the physical state of substanceyechpidhe chemical reaction, catalysis
is of three types;

T Homogeneous catalysis
1 Heterogeneous catalysis
1 Autocatalysis

Types of Catalysis?

On the basis of nature and the physical state of substance employed in the chemical reaction, cat
is of three types;
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T Homogeneous catalysis
1 Heterogeneous catalysis
T Autocatalysis

Homogeneous Catalysis
The catalysis in which the catalyst employed in the reaction and the reactants are in the same stgte of
matter, that process is referred to as homogeneoussiataly
Autocatalysis

In the autocatalytic reaction, there is no specific catalyst that is added. Instead, one of the produc|s ac
as a catalyst and increases the rate of formation of products.

Reference page/site
https://byjus.com/jee/catalyst/

NUMERICALS

Rate of reaction.
Q)For decomposition of ethyl chlorocarbonate (CIC£bis)
CICOOCHCHs —-m-m-memee CO; + CICH.CHs
K = 1.3 x 10°st at 200C. What isthe initial rate when the initial concentration of CICOQCH; is
0.25M?

Data

Rate constant(K) =1.3x1Cs?

[CICOOCH:CHj] =0.25M
Rate =7

Solution:

CICOOCHCH; ---mmmmee- CO; + CICHCHs
Rate = K [CICOOCHCH;]
Rate = (1.3 x 18) (0.25)
Rate = 3.25 x 16 Ms*

Order of Reaction:

Q) Following is given a data for the reaction; A + B------- C, Find order of reaction.
S. No. [A] [B] Rate
1. 0.1M 0.1M 8 x 10*M.s?
2. 0.2M 0.1M 16 x 10* M.s?
3. 0.1M 0.2M 16 x 10* M.s?
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Solution:

N = J— C
Rate = K [AF [B]Y --—---- (1)
Put the value in above equation
(i) 8x16'=K (0.»)(0.1y
(i) 16x10*=K (0.2)(0.1y
(iii) 16x10* = K (0.1)(0.2y
Divide equation (i) by (i)

16x10* = K (0.2) (0.1Y
8x10% =K (0.1) (0.1Y

2 =2

X=1

Divide equation (iii) by (i)
16x10* = K (0.1 (0.2Y
8x10%= K (0.1) (0.1Y

2 =2

Y=1

(@)

Put the value of 0x
Rate = K [AF [B]!
Order of reation =x +y

and 6y6 into equation (1)

=1+1
Order of reaction =2

Activation Energy.
For a chemical reaction; A———= B, the threshold energy of reactior8isKJ/mol. The averageternal
ener gy 12KJmol.ACélculiats the activation energy.

Data
Threshold energy = 31KJ/mol
Internalenergy = 12KJ/mol

Required
Activation energy = (Threshold energy(nternal energy of the reactants)
AE=TH IE

Activation energy = 31 12 = 19KJ/mol

Reference page
Personal notes
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STUDENTOS ASSESMENT

=A =4 =8 =8 =9

1.

2.

Experimentally this reaction is'%order. The rate at a certain temperature is 0.18 mékdmhen
[CH3CHO] = 0.01 mol/dri

(0]
(0]
(0]

3.

Practical # 05

T
T
\l

Related Videos
https://youtu.be/DbEecMtO6aY

Theoretical
How can a positiveatalyst alter the reaction?
What is the role of catalyst poison in Rosenmund reaction?
What are the key factors in heterogeneous catalysis?
What is the role of promoters in Haberds prgd
What is the significance of autocatalysis?

Numerical
For achemical reaction; A—> B, the thresholdrmergy of reaction is 4Q)/mol. The average
ener gy oKJmd. A&Lélculatsthela&ivation energy.
Consider the following reaction:
CH:CHO A CHs+ CO

Write rate expression for this reaction.
Determine the rate constant
Calculate the rate of reaction when [{CHHO] = 0.02 mol/drm

Write the rate expression, findetlvalue of rate constant and determine the order of reaction
using the following data:

S. No. [NO] [O2] Rate

1. 0.1M 0.1M 2x10°M.s?
2. 0.2M 0.1M 8 x 103 M.s?
3. 0.1M 0.2M 4 x 10°M.s*?

Show that the addition afatalyst effect the rate of reaction.
Explore the effect of temperature and concentration on the rate of fading of methylene blug
Determine the rate of reaction and determination of density of blood sample

https://youtu.be/SPXanyy3hU

https://youtu.be/jd6U5n0QcgKc

https://youtu.be/gapoAb8rhUr0

https://youtu.be/nCvv9x3CJ7s

https://youtu.be/YacslU970Fc

https://youtu.be/wbGglfHsx-I
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ACIDS , BASES & SALTS

Acidic Basic & Amphoteric
substance.
Bronstedlowery definitions
of acids & bases.

Proton donors & Acceptor.
Relative strength of acid
and base.

Conjugate acidhase pair.
Expressing the strength of
acid base & salt.
lonization equation of
water.

pH , pOH & pKy

Acid ionization constant K
& pKa.

Base ionization constant,K
& pr

Leveling effect
Relationship K& Ky,

Lewis definition of acid anc
base.

Buffer solutions and their
application.

Salt hydrolysis.

Define Bronsteand
Lowery concepts for
acids and bases
Define salts,
conjugate acids and
conjugate bases.
Identify conjugate
acid-base pairs of
BronstedLowery
acid and base
Explain ionization
constant of water
and calculate pH an
pOH in agqueous
medium using given
Kw values.

Use the extent of
ionization and the
acid dissociation
constant, Ka, to
distinguish between
strong and weak
acids.

Calculate the fourth
parameter when given
three of four parameteads
molarity of base, volume
of base, molality of acid,
volume of acidd used in
a titration experiment,
assuming a strong acid af
strong base reaction.
Calculate the [H301, give
the Ka and molar
concentration of weak
acid.

Calculate concentrations
of ions of sightly soluble
salts.

Calculate Ka for the
system, given the
equilibrium concentrations
of a weak acid and the
[H301 in the solution.
Perform aciebase
titrations to calculate
molality and strength of
given sample solutions.
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1 Use the extent of
ionization and the
base dissociation
constant, Kb, to
distinguishbetween
strong and weak
bases.

9 Define a bufferand
show with equations
how a buffer system
works.

1 Make a buffered
solution and explain
how such a solution
maintains a constan
pH, even with the
addition of small
amounts of strong
acid or strong base.

1 Use the concept of
hydrolysis to explain
why agleous
solutions of some
salts are acidic or
basic.

1 Use concept of
hydrolysis to explain
why the solution of &
salt is not
necessarily neutral.

1 Define and explain
leveling effect.

Related videos

pH OF
SUBSTANCES (PART 1)

5. P

Preparation of acid and alkali ~ properties of matter pH of substancés
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https://www.youtube.com/watch?v=1eePYyq2a6U
https://www.youtube.com/watch?v=dWwZIOSi_Vw
https://www.youtube.com/watch?v=Ne8xQ4LGLf0

pH OF = pH IN
SUBSTANCES (PART 2) EVERYDAY LIFE

ol a

PH of substances? pH in everyday life Buffer Solution

:f LEWIS ACID-BASE THEORY

Chapter overview.
ATheoryo
Acid
Acid, any substance that watersolutiontastes sour, changes the colour of certain indicators (e.g.,

reddens bluétmus paper), reacts with sormeetals(e.g.,iron) to liberatehydrogen reacts
with basedo formsalts and promotes certaghemical reactionfacid catalysis).

Reference page/site
https://www.britannica.com/science/base

Base

Base in chemistry any substance that watersolution is slippery to the touch, tastes bitter, changes
the colour of indicatorse(g.,turns reditmus paper blue), reacts widftidsto form salts, and promotes
certain chemical reactions (base catalysis)
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https://www.britannica.com/science/water
https://www.britannica.com/science/solution-chemistry
https://www.britannica.com/science/litmus
https://www.britannica.com/science/metal-chemistry
https://www.britannica.com/science/iron-chemical-element
https://www.britannica.com/science/hydrogen
https://www.britannica.com/science/base-chemical-compound
https://www.britannica.com/science/salt-acid-base-reactions
https://www.britannica.com/science/chemical-reaction
https://www.britannica.com/science/base
https://www.britannica.com/science/chemistry
https://www.britannica.com/science/water
https://www.britannica.com/science/acid
https://www.youtube.com/watch?v=r3hirzlWILM
https://www.youtube.com/watch?v=8U5tP6GL9wM
https://www.youtube.com/watch?v=mkAnvRIeATE
https://www.youtube.com/watch?v=1AtNSTooA3A

18 loieyipul-Hd  wy
€000°92S60°L ’
-

Reference page/site
https://www.britannica.com/science/acid

Amphoteric
An amphoteric compound is one that can react with botiisandbases

Reference page/site
https://www.chemicool.com/definition/amphoteric.html

Bronsted-Lowry Theory of Acid and Base

According to Bronsted.owry theory, acid is a substance which donates-danrHor a proton and forms
its conjugate base and the base is a substance which accepismmoith proton and forms its
conjugate acid.

BronstedLowry Acid
The BronstedLowry acid is a substance which donates a proton*domito the other compound.
Acidz Proton+ Conjugate base

A conjugate base can accept a proton and acid reforms.
HA@g) 2 Ai(ag+ H+(aq

BronstedLowry Base
The Bronsted_owry base is @ubstance which accepts a proton or H+ ion from other compounds.
Base+ Protonz Conjugate acid
A conjugated acid can donate a proton and base reforms.
B(ag) + H202 HB* (ag) + OH" (ag)

The BronstedLowry theory of an acidbase reaction involves thensfer of protons or Hons
between the acid and base.

Note:
1 Strong Bronsted.owry acids are those which have a strong tendency to give a proton and
their corresponding conjugate base is weak.
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1 Weak Bronstedlowry acids will have a little tendency to dae a proton and their
corresponding conjugated base is strong.

Reference page/site
https://byjus.com/jee/bronstedlowry-theory/

conjugate acidbase pair.

Whenever amcid donates @roton, theacid changes into hase and whenever baseaccepts a
proton, aracid is formed. Anacid and abasewhich differ only by the presence or absence of a protgn
are called @onjugate acidbase pair.

Expressingthe strength of acid andbase.

For Acid.

The relative strengths of acids may be determined by measuring their equilibrium constants in agjeou

solutions. In solutions of the same concentration, stronger acids ionize to a greater extent, and sq yiel

higher concentrations of hydromm ions than do weaker acids. The equilibrium constant for an acid |s

called theacid-ionization constan&a. For the reaction of an acid HA:
HA(aq) + H20(l) 2 H3O*(aq) + A(aq)

we write the equation for the ionization constant as:

_ [H;07][A]
Ka=—mmr—

Another measure of the strength of an acid is its percent ionizatiopeftent ionization of a weak
acid is the ratio of the concentration of the ionized acid to the initiacacicentration, times 100:
[HJOI]W

[HAJq 100

U% ionization =

Because the ratio includes the initial concentration, the percent ionization for a solution of a given
weak acid varies depending on the original concentration of the acid, and actually decreases with
increasing acid concentrati.

For Base
we can measure the relative strengths of bases by measuringageonization constant Kb) in
agueous solutions. In solutions of the same concentration, stronger bases ionize to a greater extgnt, a
so yield higher hydroxide ioconcentrations than do weaker bases. A stronger base has a larger
ionization constant than does a weaker base. For the reaction of a base, B:

B(aq) + H20() 2 HB*(aq) + OH" (aq)

we write the equation for the ionization constant as:
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"1[OH
R —

Relative acid strength

Stronger
acids

"
H,CO;  CH,COOH  NH,

1.0 1072 107 1076 1078 10710 10712 10744

Relative conjugate base strength

OH- Stronger

HCO,~  CH,COO0 NH, o

K, 1074 10712 10710 1078 107 1074 1072 1.0
This diagram shows the relative strengths of conjugate acibdase pairs, as indicated by their

ionization constants in agueous solution.

Acid Base

perchloric acid HCIO, ClO, perchlorate ion

sulfuric acid H,SO, Undergo Do not HSO,~ hydrogen sulfate ion

hydrogen iodide Hi complete undergo iodide ion

hydrogen bromide HBr ;cr:?zation :aoansizeation Br— bromide ion

hydrogen chloride HCI in water in water (] chloride ion

nitric acid HNO4 NO; nitrate ion

hydronium ion HLO™ H,O water

hydrogen sulfate ion HSO, SO~ sulfate ion
%-, phosphoric acid H;PO, H,PO, dihydrogen phosphate ion 3
é hydrogen fluoride HF F fluoride ion §
g nitrous acid HNO, NOS~ nitrite ion =]
é acetic acid CHL;COH CH3;CO,  acetate ion %
% carbonic acid H,CO, HCO; hydrogen carbonate ion (%
g hydrogen sulfide H,S HS™ hydrogen sulfide ion é
= ammonium ion NH," HN5 ammonia =

hydrogen cyanide HCN CN™ cyanide ion

hydrogen carbonate ion HCO; 0032‘ carbonate ion

water H,O OH hydroxide ion

hydrogen sulfide ion HS™ S sulfide ion

ethanol C,H;0OH E):dr:e?gt;o g:::;gge C,HgO™ ethoxide ion

ammonia NH3 acid base NH;" amide ion

hydrogen Ho :gr:’:lz;g?n :z’vv‘:‘a:g?n H™ hydride ion

methane CH, CH5 methide ion

The chart shows the relative strengths of conjugate acidase pairs.

Reference page/site
https://opentextbc.ca/chemistry/chapter/143-relative-strengthsof-acidsand-bases/

The lon-Product Constant of Pure Water
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Because water is amphiprotic, one water molecule can react with another to fOihian and
anH3O" ion in an auto ionization process:

2H,0(1) = H,0"(aq) + OH (aq)

In pure water, a very small fraction of water molecules donate protons to other water molecules to
hydronium ions and hydroxide ions:

H H H *

I I I o -
:tO—H + :0—H — H—O—H + I::O—H:I

H,O  + H,O - H;O" + OH~

Acid Base Acid Base

This type of reaction, in which a substance ionizes whemmabecule of the substance reacts with
another molecule of the same substance, is referrecait@sonization. The equilibrium
constanK for this reaction can be written as follows:

[H,0"][OH ]
~ [H,0P

When pure liquid water is in equilibrium with hydronium and hydrexmhs at 25°C, the
concentrations of the hydronium ion and the hydroxide ion are equal:

[H,0"]=[OH | =1.003 x 10 " M

Thus the number of dissociated water molecules is very small indeed, approximately 2 ppb. We ¢
calculatef H20] at 25°C from the density of water at thesnperature (0.997 g/mL):

1 mol 1000 gd,
18.02 ¢ L

[H,0) = mol/L = (0.997 g /mL) — 553 M

form

an

With so few water molecules dissociated the equilibrium of the auto ionization reaction lies far to the

left. Consequently concentration of water essentially unchanged by the auto ionization reaction &
be treated as a constalncorporating this constant into the equilibrium expression allows us to
arrange the equation to define a new equilibrium congtanbnproduct constant of liquid water

(Kw).
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J— Kw
~ [H,0P

K, = [H,0")[OH | = [H,0"][OH |

K

Substituting the values for [H;O"| and [OH ~| at 25°C into this expression

K, = (1.003 x 10 7)(1.003 x 10 ") = 1.006 x 10 *

Reference page/site
https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A GEn€hemistry (Petrucci_et_al.)/
16%3A_Acids_and_Bases/16.3%3A-IBalzation_of Water and the pH Scale

pH

pH is defined as the negative logarithm ofibin concentration. Hence the meaning of the name pH
justified as the power of hydrogen.

pH Chemistry

A pH scale is a tool for measuring acids and bases. The scale rangeslfomitthus paper is an
indicator used to tell if a substance is an acid or a base. The color of the paper matches up with t
numbers on the pH scale to indicate whatkof substance is being tested. For example, Vinegar is
acid and measures 2.4 on the pH scale.

PH OF ACIDS AND BASES

pH of Acids and Bases i Red Litmus Test

pH of Acids and Bases
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The pH of a solution varies from 0 to 14.

1 Solutions having a value of pH ranging 0 to 7 onsgHle are termed asidic and for the value
of pH ranging 7 to 14 on pH scale are knowtasicsolutions.

T Solutions having the value of pH equal to 7pdhscaleare known as neutral solutions.

Solutions having the value of pH equal to 0 are known tstioagly acidic solutionsFurther, the
acidity decreases asetivalue of pH increases from 0 to 7 whereas, solutions with the value of pH e(
to 14 are termed atrongly basic solutions

The basicity decreases as the value of pH decreases from 14 to 7. The stremgils efd
basedepends on the number of Bind OH ions produced. Acids furnishing more number 6fibhs
are known to be strong acids and vice versa.

The degree of ionisation of acids and bases differ for different acids and basess linhéie
determination of the strength of acids and bases. The strength of an acid depends on the conce
of hydronium ion (HO") too. With the help of the comparison between the concentration of hydroni
ion and the hydroxyl ion, we can distinguisttween acids and bases.

1 For acidic solution: [H3O"] > [OH']
1 For neutral solution: [HzO"] = [OH']
1 For basic solution: [H:0*] < [OH']

Limitations of pH Scale

pH value of a solution does not instantaneously give us an idea of the relative strength of the solu

1 pH is zero for 1N solution of strong acid.
1 pH is negative for concentrations 2N, 3N, ION of strong acids.
1 At higher concentrations, in place of pH Hanthaeidity functions are used.

pH Scale

VERY ACIDIC «——— SLIGHTLY ACIDIC SLIGHTLY ALKALINE ———» VERY ALKALINE

NEUTRAL

pH Scale
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The concentration of hydronium ion is conveniently expressed on a logarithmic scale. This SCj
known aspH scale pH of acids and basésdefined as the negative logarithm (with base 10) of activi
of hydrogen ion (H).

Recommended Meos

1,40,950

How to Calculate pH?
The activity has no units and is defined in terms dfdd concentration,

ak+ = [H*)/mol L*
Hence, the pH of a compound is given as,

pH =-log aH+

Example

Thus, the pH of an acidic solution of HN(L0'® M) = 3, abasic solution of KOH having [Of=10
“M and [H0'] =10'1°M will have a pH = 10. pH of acids is generally less than 7 whereas for baseg
is greater than 7. At 298 K, ionic product of watey,dan be given as:

Kw = [H30"] [OH'] =10

Taking the negate logarithm of RHS and LHS, we deduce
ilog Kw =17 log ([HsO"] [OH'])= T log 1014

=>pKw=1 log [H30"] 7 log [OH'] = 14

=>pKw = pH + pOH = 14

The value of pk controls the relative concentrations of hydrogen and hydroxyl ions as their produ
always constant. pH of acids and bases can be roughly calculated with the help of pH scale wh
accurate values we use pH meters.
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Sulfuric Acid (Battery Acid) (H2504)

Stomach Acid

200

# 2 Lemon Juice
Ingéie(;aiimg Carbonated Beverages
~. Y 3 Vinegar
A . . Orange Juice
~ 4 Tomatoes Acid Rain
R Beer
A 5 Coffee
~ Pure Rain Egg Yolks
A 6
> i . Milk
Neutral 7 Freshly Distilled Water, Saliva
v Blood, Tears
< 8 Seawater g5king Soda (NaHCO3)
v
A
v
z Milk of Magnesia (Mg(OH)2)
Increasing Household Ammonia (NH3)
alkalinity
: Household Bleach (NaClO)
~ Lye (NaOH)
A
A

pH Example Chart

pH Value and Nature of a Solution

T If [H+] > 10-7, pH is less than 7 and the solution is acidic.
T If [H+] = 10-7, pH is 7 and the solution is neutral.
T If [H+] <10-7, pH is more than 7 and the solution is basic.

Importance of pH

1 Only a narrow range of pH chamgan be sustained by a living organism, any further change
pH can make the living difficult. For example: in the casea(d rain the pH of water is less
than 7. As it flows into a river, it lows the pH of river water which makes the survival of aquati
life difficult.

T We know that our stomach contains hydrochloric acid which helps in the digestion of food. When
the stomach produces too much of hydrochloric acid during indigestion, we feef pdat and
irritation. Hence, we generally use antacids or a mild base which increases the pH of the gcidic
stomach and thus decreases the pain.

1 Bacteria present in our mouth sometimes lower the pH of our mouth by producing acids thrpugh
degradation offte food particle. Hence, we are instructed to clean our mouths with toothpaste
(which are generally basic) to prevent their decay by maintaining the pH.

n

)

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel57



https://byjus.com/chemistry/acid-rain/

T We experience a lot of pain in case ofdséiag as the bee injects the methanoic acid through i
sting. Hence, we are generally advised to afyelying soda@r other mild bases on the surface
as it helps in maintaining the pH of the surface.

Points toRemember on pH Scale

pH of strong acid or base does not depend upon temperature.
pH of weak acid decreases with increase in temperature due to increase in ionization.

pH of weak base increases with increase in temperature due to incriggseaition or [OH]
ion concentration

Reference page/site
https://byjus.com/chemistry/phof-acidsand-bases/

The pOH Concept

As with the hydrogetion concentration, the concentration o thydroxide ion can be expressed
logarithmically by the pOH. ThpOH of a solution is the negative logarithm of the hydroximte
concentration.

POH = -log[OH ']

The pH of a solution can be related to the pOH. Consider a solution with a pH = 4[B. Thef the
solution would be 1.8 10* M. Dividing Ky by this yields a [OH ] of 1.0x 10-°M. Finally the
pOH of the solution equaldog (1.0x 101°) = 10. This example illustrates the following
relationship.

pH + pOH =14
The pOH scale isimilar to the pH scale in that a pOH of 7 is indicative of a neutral solution. A basi

solution has a pOH of less than 7, while an acidic solution has a pOH of greater than 7. The pOH
convenient to use when finding the hydroxide ion concentrationdreaiution with a known pH.

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel58

[s



https://byjus.com/chemistry/preparation-properties-and-uses-baking-soda/
https://byjus.com/chemistry/ph-of-acids-and-bases/

-14
[OH] = 110

[H™]

H™ ~ OH
E o1 54 |3
R T2
x I P 11
- - — L —
— S

\ 2 pOH=14-pH v2
pH =~ pOH

pPH=14 - pOH

Reference page/site
https://courses.lumenlearning.com/cheminter/chapter/thpoh-concept/

Relationship between K & K p

As we known that Ka is directly proportional to thedeéncentration and §is directly proportional to
the OH concentration. As we know that H+ and OH agkated to each other too, so there must be
some relation between Ka and.K

To find out their relation we have to study a reaction in which we can get both Ka,aswtkat we
can compare them with each other. And such a reaction can be providdshsieBracid base pair, so
|l etds take an example of Br°nsted acid base

NHj(yq) + HyO = NHy (o) + OH (4

InthisreactonNHlact s as base and J4.1f @econsidenforwar aeaceon,ave i
can get the equation for,K

NHE":EHJ} T HlO{H — NH41[aq] +OH (aq)  —mmmmmmmmmmmme- (1}
Ky = [NH,'] [OH)/ [NH;]

If we write a reaction for dissociation a€id NH;" , we can get the following equation for Ka :
NH4‘¢aq} - H:O“}—} Hjolm,q]._" NHE[aq] --------------- (2)

K. =[H;O] [NHs]/ [NH,']
If we add equation 1 and 2, we will get a new equation:

QHEO[]] — Hjolmq} - OH- {m_-l:l

This is the dissociation reaction of water we have studied before and we know that:
K, =[H;0'][OH]

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel59



https://courses.lumenlearning.com/cheminter/chapter/the-poh-concept/

Now you can see that 1f we multiply K;and K;, we will get K,
K, x K, = {[H;0'] [NH;}/ [NH, ']} {[NH,'] [OH}/ [NH;]}
K.* K, = [H;0'] [NH;] [NH,"] [OH)/[NH, ][NH;]

K,x K,=K,

If we take (—log) of both sides, we will get:

pK, + pK,=pK,=14

PK, ¥ pK,, = pK,,=14
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A very important conclusion can be drawn from the above equation. If pK, of an acid 1s
lower then its conjugate base must have higher pK, and vise versa, which means strong

acid has a weak conjugate base.

We know that smaller the pK,, the stronger the acid. Very strong acids have pK, less
than 1, moderately strong acids have pK,in between 1 to 5 and weak acids have pK,in

between 5 to 14.

Always remember that there is an important difference between pH and pK,, we use
pH scale to measure the acidity and pK, value indicates the strength of an acid. The pH
1s the characteristic of a solution, 1t means we can get solutions of different pH by
dissolving the same acid in different quantities, like 1x10~ M solution of HCI has pH 2
and 1x10™ M solution of HCI has pH 4(HCl is a strong acid which dissociates
completely 1.e. its @ i1s 1). On the other hand, pK, is the characteristic of the particular
compound, for example, pK, of HCl is -7, HF is 3.5x10” and pK,of HCN is 4.9x10™".
It tells us how readily the compound gives up a proton H'. By pK, value you can also

calculate the K,

NH;(,q) + H;Op = NH, ;) + OH"

Base Acid Conjugate Conjugate
Acid

Reactant Product
acid acid

(Productacid)
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NHaq) + HyO = NH, "(ag) + OH (3
K. = [INH, 7 OH)/[NH,J[H,0] - (2)

If we write equation for reactant acid H,O:

HQD(‘D —* H+I:Elq} +0OH (aq)
Ka Reactant acid) = [HIIOH /[ H,0]  ———— (1)

It we write equation for product acid EH4+

EH4+(aq:| + HEDI:]_] — H+{aq:| + ma{aq}
K (Product acidy = [H™] [NH,1/ [EH4+] ___________ (5)

When we compare equation 3, 4 and 5, we can infer that:
K¢ = K3 (Reactant acid) / Ka (Product acid)

Now you are able to measure steength of an acid, but what are the factors which make an acid
strong or weak? Is it something which is hidden in its structure? In the next post we will try to reveal
its secret.

Reference page/site.
https://www.chemistrynotmystery.com/2015/02/relatiotbetweenka-and-kb.html

Leveling effect

Leveling effector solventleveling refers to theeffect of solvent on the properties of acids and bases.
Thestrength of a strong acid is limitedgVeled’) by the basicity of the solvent. Similarly the strength
of a strong base Isveledby the acidity of the solvent.

* Acids stronger than H;0* cannot be used in water. For example,
water would react with sulfuric acid producing H;0*. Virtually
no sulfuric acid will remain if we wanted it to be available to
react with another reagent

(0] (0] H
II 4 /\'b.‘ 5 | | o |

HoO—$—CtH  + - 5
(0] (0]

pPK, = -9 pK, = -1.7

Sir Rao Muzammil Ali & Ms Naheed Muneer Siddiqui Pagel62



https://www.chemistrynotmystery.com/2015/02/relation-between-ka-and-kb.html

Lewis Acid

Lewis Acids are the chemical species which have empty orbitals and aie atxtept electron pairs from Lewis bases.
This term was classically used to describe chemical species with a trigonal planar structure and aorbitgdtym
example of such a Lewis acid would be;BiRhere R can be a halide or an organic substituent)

Water and some other compounds are considered as both Lewis acids and bases since they can accept ar|d do!
electron pairs based on the reaction.

Examples of Lewis Acids

Some common examples of Lewis acids which can accept electron pairs include:

1 H+ions (orprotond can be considered as Lewis acids along with onium ions liRe H

1 The cations of d block elements which display high oxidation states can act as electron pair accepto(s. Ar
example ofuch a cation is Fe

1 Cations of metals such as Mgnd Li can form coordination compounds with water acting as the ligangl.
These aquo complexes can accept electron pairs and behave as Lewis acids.

1 Carbocations given by 8+ and other trigonal planar epies tend to accept electron pairs.

1 The Pent halidesof the following group 15 elements can act as Lewis atidsitimony, Arsenic, and
Phosphorus.

Apart from these chemical compounds listed above, any eledteori i ci ent ~ syst enelectrann |ac
pairsi exons for example.

Lewis Base

Atomic or molecular chemical species having a highly localized HOMO (Highest Occupied Molecular Orbital) aft as
Lewis bases. These chemical species have the ability to donate an electron pair to a given Lewis acid in order [o fori
an adduct, as discusseatleer.

[
w

The most common Lewis bases aremonia alkyl amines, and other conventional amines. Commonly, Lewis bas
are anionic in nature and their base strength generally depends on dfi¢hgl€orresponding parent acilince Lewis
bases are electraich species that have the ability to donate elegbairs, they can be classified as nucleophiles
Similarly, Lewis acids can be classified as electrophiles (since they behave as-gplaictemeptors).

Examples of Lewis Bases

Examples of Lewis bases which have an ability to donate an electron pair are listed below.

1 Pyridine and the derivatives of pyridine have the ability to act as electron pair ddmessthese compounds
can be classified dewis bases.

1 The compounds in which Oxygen, Sulfur, Selenium, and Tellurium (which belong to group 16 of the Peripdic
Table) exhibit an oxidation state <& are generally Lewis bases. Examples of such compounds include water
and ketones.

1 The simple anios which have an electron pair can also act as Lewis bases by donating these elecjrons.
Examples of such anions includeahd F. Even some complex anions, such as the sulfate aniop) (&0
donate pairs of electrons.

1 T h esystems which are rich in ekeons (such as benzene, ethyne, and ethene) exhibit great electron pair
donating capabilities.
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Weak Lewis acids have strong conjugate Lewis bases. Apart from this, many chemical species having a lone
electrons such as GHand OH are identified a Lewis bases due to their electron pair donating capabilities.

Chemical Reactions Between Lewis Acids and Bases

Reactions with the H ion

The H ion acts as a Lewis acid anddHacts as a Lewis base. The reaction between the water molecule pradghe
yields a hydronium ion (), as illustrated below.

+

H—'CIS: + H — H—'CIS—H

H H

Here, the oxygen atom donates an electron pair to the proton, forming a coordinate covalent bond in the proce
resulting Lewis acid has a +1 charge associated with it. Another exampteait@n in which the Hon acts as a
Lewis acid is its reaction with ammonia (fHb form an ammonium ion (NH.

- ’ _
. l
H—ITI—H + HY & — H—T—H
H H

In this reaction, the proton receives an electron pair from the nitrogen atom (belonging to the ammonia moleculg

pair

5S. Tl

). The

formation of a coordinate covalent bond between the two results in the formation of a Lewis adduct (the ammaniurr

cation).

ReactionbetweenAg+ and Ammonia

In this reaction, two Lewis bases form an addvith one Lewis acid, as illustrated below.

H H H

2 H—N: + A8 —m—> H—N—Ag—N—H

H H H

Here, ammonia acts as a Lewis base and the silver ion acts as a Lewis acid. Each nitrogen atom donates an
pair to Ag, resulting in two separate coordinate covalent bonds. The adduct formed fromvibatid and base has
the chemical formula Ag(NH.

Reactionbetweenthe Fluoride lon and Boron Trifluoride

This reaction features the formation of a coordinate bond between the fluoride anard(Boron trifluoride (B§.
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Here, Facts as an elecin pair donor whereas B&ccepts the electron pair. The reaction between the Lewis acid g
base results in the formation of an adduct with the chemical formula BF

Applications of Lewis Acids and Bases

Some important applications of Lewis acids aades are provided below.

Lewis acids play a vital role as a catalyst in fhiedelCrafts reactiori AICl; accepts a lone pair of electrons
belonging to the chloride iondeling to the formation of AlGlin the FriedelCrafts alkylation process.

This also leads to the formation of the highly electrophilic carbonium ion which acts as a strong Lewis Acid.
chemical reaction can be written as follows.

RCI + AICI, R+*+ AICI,

In the field of organic chemistry, Lewis acids are widely used to encourage many cationic orqateunio chemical
reactions.

Lewis bases have immense applications in the modification of the selectivity and the activity of metallic catalyst
the production of pharmaceuticals, asymmetetalysisis an important part of enantioselective synthesis. In order {
enable asymmetric catalysis, chiral Lewis bases are often used todurdbty on catalysts.

Several Lewis bases have the ability to form many bonds with Lewis acids. These compounds are also
Omul tidentate Lewis basesd or O6chelating agentso

Referencepage/site
https://byjus.com/chemistry/lewisacidsand-bases/

Buffer Solutions

Buffers are solutions that resist a change in pH on dilution or on addition of small amaoantssof alkali.
Solutions of a weak acid and its conjugate base or weak base and its conjugate acid are able to maintain
pH and are buffer solutions.

Types of Buffer Solution

The two primary types into which buffer stibns are broadly classified into aredic and alkalinbuffers.

Acidic Buffers

As the name suggests, these solutions are used to maintain acidic enviroAniéustfer has acidic pH and is
prepared by mixing a weak acid and its salt with a strong base. An agoddien of an equal concentration
of acetic acicand sodium acetate has a pH of 4.74.
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1 pH of these solutions is below seven
1 These solutions consist of a weak acid and a salt of a weak acid.
1 An example of an acidic buffer solution is a mixture of sodium acetate and acetic acid (pH = 4.75).

Alkaline Buffers
These buffer solutions are used to maintain bamiclitions.Basic buffer has a basic pH and is prepared by mixing &

weak base and its salt with strong acid. The aqueausion of an equal concentration of ammonium hydroxide
andammonium cloride has a pH of 9.25.

1 The pH of these solutions is above seven
1 They contain a weak base and a salt of the weak base.

1 An example of an alkaline buffer solution is a mixture of ammonium hydroxide and ammonium chloride
=9.25).

Mechanism oBuffering Action

In solution, the salt is completely ionized and the weak acid is partly ionized.

! CH,COONaz Na + CHCOO
1T CH,COOHz H*+ CH,COO

On Addition of Acid and Base

1. On addition of acid, the released protons of acid will be removed ac#tate ions to form an acetic acid
molecule.

H+*+ CH,COO (from added acidg CH,COOH (from buffer solution)
2.0n addition of the base, the hydroxide released by the base will be removed by the hydrogen ions to form wg

HO' + H* (from added bas& H,O (from buffer solution)

Preparation of Buffer Solution

If the dissociation constant of the acid (o&nd of the base (pKare known, a buffer solution can be prepared by
controlling the salacid or the salbase ratio.

As discussed earlier, these solutions are prepared by mixing of weak bases with their corresponding conjugate
or by mixing weak acids with their corresponding conjugate bases.

An example of this method of preparing buffer solutions can be given lpyeparation of ahosphatduffer by
mixing HPQ?* and HPO*. The pH maintained by this solution is 7.4.
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HandersorHasselbalch Equation

Preparation of Acid Buffer

Consider an acid buffer solution, containing a weak acid (HA) and its salt (KA) with a strong base(KOH). Weak
HA ionizes, and the equilibrium can be written as

HA +H,Ot H*+A
Acid dissociation constant = Ka = {HA'J/HA
Taking, negative log dRHS and LHS:

-log Ka = -log [H+] - log (%)

[sal
pKa=pH-log(‘atl)

[acid]

pH of acid buffer = pKa + ([salt]/[acid])

The equation is thelendersorHasselbalch equatippopularly known as the Henderson equation.

Preparation oBaseBuffer

Consider base buffer solution, containing a weak base (B) and its salt (BA) with strong acid.

pOH, can be derived as above,

1 pOH of a basic buffer = pKb+ log ([salt]/[acid])
1 pH of a basic buffer = pKai log ([salt]/[acid])

Significance of Handersdaquation

Handerson Equation can be used to:

1. Calculate the pH of the buffer prepared from a mixture of the salt and weak acid/base.
2. Calculate the pKa value.
3. Prepare buffer solution of needed pH.

Limitations of HendersoiHasselbalch Equation

The Hendersoi Hasselbalch equation cannot be used for strong acids and strong bases.

Buffering Capacity

Thenumber ofmili molesof acid or base to be added to a litre of buffer solution to ehtregpH by one unit is the
Buffer capacity of the buffer.

d = millimoles [/ (mpH)
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pH Maintenance

In order to understand how buffer solutions maintain a constant pH, let us consider the example of a buffer solytion

containing sodium acetate and acetic acid.

In this example, it can be noted that the sodium acetate almost completely undergoes ionization whergas the
acidis only weakly ionized. These equilibrium reactions can be written as:

7 CH,COOHz H*+ CH,COO

17 CH,COONaz Na+ CH,COO
When strong acids are added, théoHs combine with the CJ2OO ions to give a weakly ionized acetic acid,
resulting in a negligible change in the pH of the environment.

When stronglyalkalinesubstances are introduced to this buffer solution, the hydroxide ions react with the acids
which are free in the solution to yield water molecules as shown in the reaction given below.

CH:,COOH + OHz CH;COO + H,O

Therefore, the hydroxide ions react with the acid to form water and the pH remains the same.

Uses of Buffer Solutions

1 There exists a few alternate names that are used to refer buffer solutions, such as pH buffers or hydrog
buffers.

1 An example othe use of buffers in pH regulation is the use of bicarbonate and carbonic acid buffer syst
in order to regulate the pH of animal blood.

1 Buffer solutions are also used to maintain an optimum pH for enzyme activity in many organisms.

1 The absence of thebaffers may lead to the slowing of the enzyme action, lossigme propertigor
even denature of the enzymes. This denaturation process can even permanently deactivate the catalyti
actionof the enzymes.
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Theories of Acids and Bases

Acids are substances An acid is a proton donor Acid are electron pair
that contain hydrogen (H*) acceptors.
are substances A is a proton acceptor are electron pair
| that contain = donors.
OH, group

HCl and NaOH NH: and H:0O

Limited to water Limited to proton transfer
solutions only reactions only

lonic Equilibrium

HA(aq)+HO(!) >HO (agq)+A A+HO —> OH +HA"

Generalised theory

K.=[H,O"]1[A]/[HA] K.=[OH ][HA"]/[A]

Solubility and Solubility product

MX (s) = yM*(aq) + zX" (aq)

- = (M:‘]v[x- ]:
Solubility product constant Molar solubility of the ions

Buffer action

CH_COOH(ag) + H_O(/) H_ O*(ag) + CH_COO (ag)

H O' added, quilibrium position shifts to the left OH added, quilibrium position shifts to the right
>
CH COOH(ag) - CH COO (ag) + HO OH + CH_COOH(ag) » H O(/) + CH COO (ag)

Reference page/site
https://www.toppr.com/quides/chemistry/equilibrium/buffersolutions/
https://byjus.com/jee/buffersolutions/
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Hydrolysis of Salts: Equations

A salt is an ionic compound that is formed when an acitla base neutralize each other. While it mal
seem that salt solutions would always be neutral, they can frequently be either acidic or basic.

Consider the salt formed when the weak acid hydrofluoric acid is neutralized by the strong base
sodium hydroxideThe molecular and net ionic equations are shown below.

HF(aq) + NaOH{ag) — NaF(aq) + HyO([)
HF{aq) + OH (ag) — F~ (aq) + HoO(I)

Since sodium fluoride is soluble, the sodium ion is a spectator ion in the neutralization reaction. T
fluoride ion is capable of reacting, to a small extent, with water, accepting a proton.

F~ (aq) + HyO(I) = HF (ag) + OH™ (aq)

The fluoride ion is acting as a weak Brgnsi@avry base. The hydroxide ion that is produced as a
result of the above reaction makes the solution slightly b&althydrolysis is a reaction in which
one of the ions from a salt reacts with water, forngitlger an acidic or basic solution.

Salts That Form Basic Solutions

When solid sodium fluoride is dissolved into water, it completely dissociates into sodium ions and
fluoride ions. The sodium ions do not have any capability of hydrolyzing, bélutrae ions
hydrolyze to produce a small amount of hydrofluoric acid and hydroxide ion.

F (ag) + H,O(I) = HF (ag) + OH (ag)

Salts that are derived from the neutralization of a weak acid (HF) by a strong base (NaOH) will al
produce salt solutions that are basic.

Salts That Form Acidic Solutions

Ammonium chloride (NHCI) is a salt that is formed when the strong acid HCI is neutralized by the
weak base NH. Ammonium chloride is soluble in water. The chloride ion produced is incapable of
hydrolyzing because it is the conjugate bastefstrong acid HCI. In other words, the'@n cannot
accept a proton from water to form HCI and OHhs the fluoride ion did in the previous section.
However, the ammonium ion is capable of reacting slightly with water, donating a proton and so
acting as an acid.

NH] (aq) + HyO(l) = HzO™ (aq) + NHz(aq)
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Salts That Form Neutral Solutions

A salt that is derived from the reaction of a strong acid with a strong base forms a solution that ha
pH of 7. An example is sodium chloride, formed from the neutralization of HCI by NaOH. A soluti
of NaCl in water has no acidic or basic properties, since neither ion is capable of hydrolyzing. Oth
salts that form neutral solutions include potassium nitrate (KNEDd lithium bromide (LiBr).
TheTable below summarizes how to determine the aciditpasicity of a salt solution.

Salts formed from Salt solution
Strong acid + Strong base Neutral
Strong acid + Weak Base Acidic
Weak acid + strong base Basic

Reference page
https://courses.lumenlearning.com/cheminter/chapter/hydrolysié-salts
equations/#:~:text=Salt%20hydrolysis%20is%20a%20reaction,an%20acidic%200r%20basic%20solution.

(NUMERICALS)
What is the pH of stomach acid, a solution of HCI with a hydronium ion concentration of.2 x
10:M?

ShowAnswer

pH = log[ H
= T1lod@yl. 2 1
= T (1299 2) =

What are the pOH and the pH of a 0.0125/ solution of potassium hydroxide, KOH?

ShowAnswer

Potassium hydroxide is a highly soluble ionic compound and completely dissociates when dissolved in dily
solution,yielding[OH'] = 0.0125M:

pOH = 717 og[©OHog 0.0125

= T7(171.903) = 1.9083

The pH can be found from the pOH:
pH + pOH = 14.00
pH = 14.00 T pOH21® 14.00 T 1.903 =

calculatethe pH of a buffer solution containing 0.100 mol dn# of ammonia and 0.0500 mol dm
3 of ammonium chloride.

Just put all these numbers in thgdgpression, and do the sum:
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[NH;1[H*]

Ka = INH,*1
560 x 1010 = 0-100 x [H*]
0.0500
[H1 = 06?15;'; x 562 x 1071?
= 2.81x107°
pH = -log;q[H*]
= 955

Practical # 06
1 Determine the molarity and solubility of given solutiorgisen volume.
1 Determine the concentration of hemoglobin in human blood.
1 Determine the amount of acid in different fruits.

Related videos

https://youtu.be/leePYyg2a6U

https://youtu.be/Jfa2wxpJJBA

https://youtu.be/Ne8xQ4LGLfO

https://youtu.be/mkAnvRIeATE

https://youtu.be/r3hirzIWILM

https://youtu.be/8U5tP6GLOWM

https://youtu.be/LIEXKUKKOOA

https://youtu.be/1AtINSTooA3A

https://youtu.be/fUhPLeONAVA

STUDENTOS ASSESMENT

A Calculate the pH and the pOH of each of the 0.003M solutions at 25 °C for which the
substances ionize completely.

A What are the hydronium and hydroxide ion concentrations in a solution whose pH is 6.52.

A The hydroxide ion concentration in household ammonia is 3.23\.at 25 °C. What is the
concentration of hydronium ions in the solution?

A What is pH scale in chemigP

A What is the best pH for the human body?

A What is pH full form?

A Is pH of water important?

A What happens if your pH is too high?

A Use Lewis structures to classify the following acids as either nonmetal hydtidesi(
nonmetal hydroxidesXOH)

(&) HCN

(b) HNGs

(c) HoC204

A Which of the following compounds can beoBsted acids? Which can bedBsted bases?
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(a) O

(b) NHs

(c) HSQOr

(d) OH

A What makes something an acid or a base?

A What is base and example?

A What is an acid and its properties?

A What is the mai difference between an acid and a base?

Reference page/site

https://byjus.com/chemistry/acidsand-bases/
https://chemed.chem.purdue.edu/genchem/topicreview/bp/chl1/acidbase.php
https://courses.lumenlearning.com/chemistryformajors/chapteriand-poh/
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CHAPTER 9

NSOLUTI ON & COLLOI

Light Beam Light Beam

Not Visible Visible
Beam Of

Light
1 "=

True Colloidal

Solution Solution
INTRODUCTION
CHAPTER CONTENT.

General properties Raoul t 64 Colligative properties Colloids
Solution, suspension & Non-volatile non Vapour pressure lowering| Properties of
colloids electrolyte solutes colloids.

in volatile solvents
Hydrophilic & hydrophobic | When both Boiling point elevation & | Types of
molecules. components are | freezing point dpression. | colloids.
volatile.
The nature of solution Molar , mass determinatio
by lowering vapour
pressure.
The effect on temperature & Molar mass determination
pressure on solubility. by freezing point
depression
Osmotic pressure &
reversensmosis.
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Major concepts:

U General properties of solution.
U Raoul tos | aw

U Colligative properties of neslectrolyte in solutions

U Colloids

LEARNING OUTCOMES

Students will be able to

Analyzing

Applying

Understanding

Remembering

1

List the characteristics of
colloids and suspensions that
distinguish them from
solutions.

"

1Y

Define hydrophilic and
hydrophobic molecules.

"

Explain the nature of solutions
in liquid phase giving example
of completely miscible,
partially miscible and
immiscible liquidliquid
solutions.

"

Explain the effect of
temperature on solubility and
interpret the solubility graph.

"

Express solution concentratior
in terms of mass percent,
molality, molarity, parts per
million, billion and trillion and
mole fraction.

"

Define the terms coljjative.

"

Describe on a particle basis
why a solution has a lower
vapor pressure than the pure
solvent.

"

Explain on a particle basis hoy
the addition of a solut® a

pure solvent causes an elevati
of the boiling point and
depression of the freezing poif
of the resultant solution.

"

Describe the role of solvation i
the dissolving process.

"

Define the term water of

hydration.

"
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1 Explain concept of solubility ”
and how it applies to solution H
saturation.

9 Distinguish between the ”
soluation of ionic species and H
molecular substances.

9 List three factors that accelera ”
the dissolution process. H

1 Define heat of solution and ”
apply this concept to the H
hydration of ammonium nitrate
crystals.

1 Explain how solute particles ”
may alter the colligative H
properties.

1 Explain osmotic pressure, ”
reverse osmaosis, and give the|
daily life applications.

T Describe types of colloids and ”
their properties. H

9 List some colligative properties "H
of liquids.

SKILLS Analyzing Applying Understanding

1 Perform calculations involving nH
percent (volume/volume) and
percent (mass/volume)
solutions.

i Calculate the freezing point ”
depression and the boiling poil
elevation of aqueous solutions

9 Calculate molar mass of a nH
substance using ebullioscopy
and cryoscopy methods.

I Calculate the percent of water "H
in a given hydrate. .

1 Explain the phenomenon "H
freezing in a mixture of ice ang .
salt.

SOCIETY, TECHNOLOGY AND SCIENCE

Students will be able to
U Describe the effect of pressure on gas solubility and the effervescence observed when a bottle of
carbonated drink is uncapped. (Applying)
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(THEORITICAL)

Relatedvideos

= A Colioid s o dispenion of paricles of one substance about 1-100nm In size.
nce.

hecughout e body of anofhet subsar
= The ferm colioda tefes 10.a condtion and not 1o a poricular subslance. Any
substonce under proper condiions can be made info o colokd.

Colligative properties

Chapter overview

Solutions

A solution is a homogeneous mixture of two or more components. The dissolving agent is the sol
The substance tha dissolved is the solute. The components of a solution are atoms, ions, or
molecules, makinthem 1@ m or smaller in diameter.

Example: Sugar and water

Suspeasions

The particles irsuspensionare larger than those found in solutions. Components of a suspension ¢
be evenly distributed by mechanical means, like by shakingoients but the components will
eventually settle out.

Example: Oil and water

Colloids

Particles intermediate in size between those found in solutions and suspensions can be mixed in
way that they remain evenly distributed without settling ouesEhparticles range in size fron®id
10% m in size and are termed colloidal particles or colloids. The mixture they form is catkididal
dispersion A colloidal dispersion consists oblloidsin a dispersing medium.

Example: Milk

Reference page/site
https://www.thoughtco.com/solutionssuspensiongolloidsand-dispersions608177

Hydrophilic molecule
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https://www.thoughtco.com/dissolving-sugar-water-chemical-physical-change-608347
https://www.thoughtco.com/examples-of-chemical-suspensions-609186
https://www.thoughtco.com/definition-of-colloid-chemistry-glossary-605840
https://www.thoughtco.com/definition-of-colloid-chemistry-glossary-605840
https://www.thoughtco.com/definition-and-examples-of-colloids-609187
https://www.thoughtco.com/solutions-suspensions-colloids-and-dispersions-608177
https://www.youtube.com/watch?v=UktHPe4oQLc
https://www.youtube.com/watch?v=Yo07oWNJgAA
https://www.youtube.com/watch?v=hOhgXRukRDg
https://www.youtube.com/watch?v=nCWSWbffQ8k

A hydrophilic molecule or portion of a molecule is one whioseractions withwater and other polar
substances are more thermodynamically favorable than their interactions with oil or other hydropf
solvents. They are typically chargelarized and capable of hydrogen bonding.

Hydrophobic molecule

Hydrophobic molecules are molecules that do not have a charge, meaning they're nonpolar.
Hydrophobic materials often do not dissolvenater or in any solution that contains a largely
agueous (watery) environment. Oil, waxes, and steroids are all exavhplefrophobic materials and
molecules.

solubility:

obic

The amount of a substance that will dissolve in a given amount of a solvent to give a saturated sgjutiol

under specified conditions.

Effect of Temperature on Solubility:
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