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BENCHMARKS

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 reconstuct previously learned knowledge.

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

U Students will demastrate 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 constites scientific knowledge;
how science is related to other ways of knowing; and how people have
contributed to and influenced developments in science.
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Chapter # 1 Organic Compound
Chapter #2 Hydrocarbon

Chapter # 3 Alkyl halide & Amines
Chapter #4 Alcohol , Phenol & Ether
Chapter #5 Carbonyl compounds
Chapter #6 Biochemistry

Chapter #7 Analytical Chemistry
Chapter #8 S-Block & P-Block Element
Chapter #9 D- Block Element
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CHAPTER #1

INTRODUCTION

CHAPTER CONTENT

ARORGANI C COMPOUNDO

Organic Compounds

Sources Coal as a source of organic Characteristics of organic
compound compound

1 coal, 1 Destructive distillation of coal 1 Uses of organic
petroleum and compound.
natural gas.

1 Plants & 1 Conversion of coal to petroleut 1 New allotrope of carbon
natural
product of
chemistry.

i Partial & total 1 Process 91 Functional groups &
synthesis homologous series.

9 Product of

biotechnology.

9 Chemical reaction

9 Detectionof element in
organic compound.
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Major concepts.
U Sources of organic compound
U Coal as a source of organic compound
U Characteristics of aorganic compounds

LEARNING OUTCOMES

1 Define organic chemistry & "H
organic compounds. .
1 Explain why there is such a "H
diversity & magnitude of .

organic compound.
9 Classify organicompounds on "H

basis of their structure. .
1 Explain the use of coal as a "H
source of both aliphatic & .
aromatic hydrocarbon.
1 Explain the use of plants as a "H
source of organic compound. .
1 Explain the organic compound "H
are also synthesis in tieg. .
9 Define functional group & "H
homologous series. .

1 Make distinction among "H
different organic compounds g .
the basis of their formula.

Society , Technology & Science.

Students will be able to,
U Realize that many organic compound are obtained from plants & animals.
(Understanding)
U Understand the organic compound are partially or totally synthesized in lab. (Understand)
U List many medicines obtained from plants. (Remember)
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Related videos.

Wit EressRudivzaiiion Froceess
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Destructive distillation of coal. Conversion coal into petroleum.

HOMOLOGOUS SERIES

AL G
" Yy

)
Methanol Diethyl ether

Functional group homologous series. Homologousseries.

(THEORY)
Organic chemistry.
Organic chemistry is the study of tegnthesis, structure, reactivity and properties of the diverse
group of chemical compounds primarily constructed of carbon.

Organic compound.

Organic compound any of a large class of chemicalmpoundsin which one or more atoms

of carbon areovalently linked to atoms of other elements, most commonly hydrogen, oxygen,
or nitrogen. The few carbecontainingcompoundsnot classified asrganic include carbides,
carbonates, and cyanides.

Source of organic compound.
All organic compounds aat one time came from plants or animals. Many of our most importants
substance are still derived from these sources directly or indirectly.

1) PLANTS AND ANIMALS

Many organic compounds are obtained directly from plant and animatsesduy suitable.

method of isllation.a few familiar EXAMPLE are carbohydrates (cellulose, sugar, and starches.)
proteins (silk, wool, casein, and food proteins) fats and oils(cottonsed soybean oils lard, butter)
alkaloids (quinine ,morphine, strychningrimones, vitamins, perfumes, flavors and resins.
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https://www.youtube.com/watch?v=ACZXGEOVsWg
https://www.youtube.com/watch?v=tx2M8x7Tbng
https://www.youtube.com/watch?v=1uZf8EK1Upk
https://www.youtube.com/watch?v=ivy6NBCC6to
https://www.youtube.com/watch?v=ELv6O3HCToM
https://www.youtube.com/watch?v=Oj7sCl7VIzQ

2) NATURAL GAS AND PETROLEUM.

Natural gas and petroleum are now the major sourcse of organic compounds .they are used as
fuels and also, throughsynthetic organic reaction.for the production of hundresifudforganic
substances such as solvents,synthetic rubber,explosive,and plastic.

3) COAL

Coal is another major sources of orgatbenpounds.iyield coke and coatar on pyrolysis or
destuctive distillation. More then 200 organic compounds have been directly isolated frem coal
tar. these codlar products from the starting materials for the manufacture of thousands of useful
aromatic compounds, including pefumes,drugs,dyes, photograpletogers, and other.

4) SYNTHESIS.

Simple organic compounds derived from petroleum or coal have been converted into thousands
of useful materials by synthetic mthod.many EXAMPLE might be cited of synthetic organic
compounds replacing those obtained fraatunal sources, such as dyes, rubber, fibers, plastic
,drugs,vitamins.inmany cases the synthetic materials are superior to the natural compounds
replaced.for example ,synthetic dyes areesigp to those of naturalttp://origin.inother cases

the synthetic materials are entirely unknown in nature and fill the requirements not satisfied are
entirely other sources.EXAMPLE.are ethglycol, aspirin, and sulphur drugs. Synthetic organic
chemistry touches almost every phase of life.

Reference page/site.
https://www.quora.com/Whsatrethe-organiccompoundssouces

Aliphatic Hydrocarbon Definition

An aliphatic compound or aliphatig/drocarboris an organic compound containing hydrogen
and carbon atoms that are usually linked together in chains treitaight.

Aromatic Hydrocarbons

Aromatic Hydrocarbons are circularly structured organic compounds that contain sigma bonds
along with delocalized pi electrons. They are also referred to as arenes or aryl hydrocarbons.
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http://compounds.it/
http://vitamins.in/
http://origin.in/
https://www.quora.com/What-are-the-organic-compounds-sources
https://byjus.com/jee/hydrocarbons/

Hydrocarbons |

Aromatic

Aliphatic

Cyclaalkanes

Reference page/site.
https://byjus.com/chemistry/aliphatic aromatiaydrocarbons/

Destructive Distillation of Coal

When coal is heated without air, it does not burn but produces mgmpbycts. Ths process of
heating coal in the absence of air is called destructive distillation of coal.

The main by products are:

coke
coal tar
amino acid liquor
1 coal gas
The destructive distillation of coal can be carried out in the laboratory. The appasguspsas
shown in the below figure.

== =4 =9
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https://byjus.com/chemistry/aliphatic%20aromatic-hydrocarbons/

Bolling Tube
Powdered Coke Coal Gas

Coal Gas Is Combustible
Burner

Water (This dissolves
Ammonia to form
Ammoniacal liquor)

L TT—— Coal Tar

Destructive Distillation of Coal

Finely powdered coal taken in a test tube is heated. As the coal breaks down coke, coal tar,
ammonia and coal gas are produced. Coal tar collects at the bottom of the second test tube and
coal gas escapes out through the side tube. The ammonia prodaiosdrized in the water

forming ammoniacaliquor (ammonium hydroxide). The black residue left in the 1st tube is

called coke.

Coke is a fuel in its own right which can be used in homes and factories. But it is largely used as
a reducing agent in the extriat of metals from their ores. It is also used in making fuel gases
like water gas which is a mixture of carbon monoxide and hydrogen.

Another by product namely coal tar which is a mixture of different carbon compounds can be
used to make soap, fats, dyeastics perfumes, drugs, pesticides, explosives etc.

The other by product, ammonia is used for making fertilizers such as ammonium sulphate,
ammonium superphosphate etc.

The coal gas, also called as a town gas is a mixture of hydrogen, methane andcocad»ade
which are combustible making the coal gas an excellent fuel having high calorific values.

Uses of organic compound
organic compounds have various uses in everyday lives.

though they are present almost everywhere the most common uses are

1.Preparation of wines and alcohols using fermentation sugar {ethanol}
2. Used for making soaps using hydrolysis of esters using NaOH.

3. Detergents

4. Making perfumes and essence for soaps

5.Fuel for domestic purposes {butane andpsopane}
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Allotropes of Carbon

The phenomenon by which an element can exist in more than one physical state is called
allotropy.The allotropes of carbon can be categorized into two:

T Amorphous Carbon Allotropes
T Crystalline Carbon Allotropes

What are Allotropes of Ghon?

Carbon with atomic number 6 and represented by the syinBod the periodic table is one of
the most influential elements we see around us. Carbon is one of the elements which shows
allotropy. The allotropes of carbon can be either amorphous stattnye (Diamond, Graphite).

Table of Content

1 All Carbon Allotropes
T Graphite

T Diamond

1 OtherCarbonAllotropes
1 Silicates

Carbon due to its capability of having variable oxmlastates ocoordination numbemakes

carbon one of the few el ements to have mul t|

catenate is another contributing factor. Thus, itdeadhe formation of various allotropes of
carbon.

How many Carbon Allotropes are there?

1 Diamond: It is extremely hard, transparent crystal, with the carbon atoms arranged in a
tetrahedral lattice. This allotrope of carbon is a poor elect@aductor and an excellent
thermal conductor.

Lonsdaleite: These are also called hexagonal diamond.

Graphene: It is the basic structural element of other allotropes, nanotubes, charcoal, and
fullerenes.

T Q-carbon: These carbon allotropes @meomagnetictough, and brilliant crystal structure
that is harder and brighter than diamonds.

1 Graphite: It is a soft, black, flaky solid, a moderate electrical conductor. The C atoms are
bonded in flat hexagohkattices (graphene), which are then layered in sheets.

T Linear acetylenic carbon (Carbyne)
T Amorphous carbon
T Full erenes, including Buckminsterfullere
1 Carbon nanotubes: Allotropes of carbon with a cylindrical sanoture.
Let us now take a look into the more widely knoaliotropes of carbon:

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER

n e



https://byjus.com/#How-many-Carbon-Allotropes-are-there?
https://byjus.com/#Graphite
https://byjus.com/#Diamond
https://byjus.com/#Other-Carbon-Allotropes
https://byjus.com/#Silicates
https://byjus.com/chemistry/coordination-number/
https://byjus.com/physics/ferromagnetism/

Graphite

It is also a pure form of carbon. This allotrope of carbon is composed of flat two dimensional
layers of carbon atoms which are arranigedagonallylt is a soft, black and slippery solid. This
property of graphite persists because it cleaves easily between the layers.

In each layer, each C atom is linked to three C atoms vi€a@valent bond. Each carbon here
is sp2 hybridized. The foth bond is formed as@ bond  Si n electranhaee délocalized,
they are mobile and can conduct electricity.

Graphite is of .two for ms: U and C

| n forbh, the layers are arranged in the sequef@BAB with the third layer exactly above
the first layer.

In the 3 form, the layers are arranged as ABCABC.
Properties of Graphite:

Since the layers are stacked over each other, this carbon allotrope can act as a lubricant.

It also has metallic lustre which helps in the conduction of electricity. It is a very good
conductor of both heat and electricity

1 One of the most important properties of graphite is that it is used as a dry lubricant for
machines at high temperature whese cannot use oil.

T Graphite is used to make crucibles which have the property that they are inert to dilute
acids as well as to alkalis.

Note: In comparison to diamond, Graphite is thermodynamically more stable.

Structure of Carbon Allotrope (Graphite):

Graphite has a uniqgue honeycomb layered structure. Each layer is composed of planar hexagona|
rings of carbon atoms in which carboarbonbond lengttwithin the layer is 141.5 picometers.

Out offour carbon atoms three forms sigma bonds whereas the fourth carbon fdromsl pThe
layers in graphite are held together by Vander Waal forces.

b)

d)
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https://byjus.com/chemistry/pi-bonds/
https://byjus.com/chemistry/bond-parameters/

Graphite Structure 7 Allotropes of Carbon

Diamond

It is the purest crystalline allotrope of carbon. It has a number of carbons, linked together
tetrahedrally. Each tetrahedral unit consists of carbon bonded to four carbon atoms which are in
turn bonded to other carbons. This gives rise to an allotroparledn having a three

dimensional arrangement ofdfoms.

Each carbon is sp3 hybridizeadd forms covalent bonds with four other carbon atoms at the
corners of the tetrahedral structure.

Structure of Diamond
Do you know why a Diamond is Hard?

It is hard because breaking a diamond crystal involves rupturing a large nusbenaf
covalent bondsBreaking covalent bonds is no easy task. This property makes this carbon
allotrope the hardest elemeort earth.

Physical Properties of Diamond

It is extremely hard

It has a very high melting point

It has a high relative density

It is transparent to Xays

It has a high value of the refractive index
It is a bad conductor of electricity

It is a good conductof heat

It is insoluble in all solvents

=A =4 =4 =4 -4 A A -

OtherCarbonAllotropes
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https://byjus.com/jee/covalent-bond/
https://byjus.com/jee/covalent-bond/

Buckminsterfullerene

Buckminsterfullerene (C60) is also one of the allotropes of carbon. The structure of fullerene is
like in a cage shape due to which it looks like a football.

Fullerenes

They are spheroidal mol ecul es having the <c
allotropes can be prepared by evaporating graphite with a laser.

Unlike diamond, fullerenes dissolvednganic solvenisThe fullerene C60 is called
0Buckminster Fullerened. The carbon at oms

Note: There are 12 fivenembered rings and 20 smembered rings in C60.

Reference pagksite
https://byjus.com/jee/allotropesof-carbon/

Functional group

A functional group is defined as an atom group of atoms within a molecule that has similar
chemical properties whenever it appeargadrious compounds. Even if other parts of the
molecule are quite different, certdumctional groups tend to react in certain ways

Homologous series.

In the field of organic chemistry,tomologous seriess a sequence of compounds with the
samefunctional group and similar chemical properties in which the members séti@scan be
branched or unbranched.

THE HOMOLOGOUS SERIES

#C's Alkane Structure Parent name Substituent name
1 CHs methane methyl
2 CHz2CH:= ethane ethyl
3 CH=2CHzCH= propane propy|
4 CHaCHz2CH=2CH= butane butyl
5 CH2CH2CHz2CHz2CH= pentane pentyl
=] CHz2CHz2CHz2CHz2CHzCH:= hexane hexyl
7 CHz2CHzCHz2CHz2CHz2CH=zCH= heptane heptyl
] CHaCH2CH2CH2CH2CH2CH2CH= octane octyl
L] CH2CH2CHz2CH2CH2CH2CH2CH=2CH= nonane nonyl
10 CHz2CH2CHz2CHz2CHz2CH2CH2CH2CH=2CH= decane decyl

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER

(0]

a

mp



https://byjus.com/chemistry/organic-solvents/
https://byjus.com/jee/allotropes-of-carbon/

Detection of element in organic compound.
1) Alcoholici OH group

We can detect the alcoholic group by the following tests:

1 Sodium Metal Test:We conduct this test on the basis of the appearance of effervescence
due to the liberation of hydrogen gas in reactions of sodium with alcohol.

2RTOH + 2Na Y 2RONa + H»

1 Acetyl Chloride Test: Acetyl chloridereacts vigorously with primary and secondary
alcohols with the evolution of hydrogen chloride. The hydrogen chloride gives white fumes
of ammonium chloride with ammonium hydroxide.

R—0H + HsC Cl —— HC 0 + HCI

HCI + MH.OH — NH.CI + H0

1 Ceric Ammonium Test: To the sample, we add a few drops of ceric ammomitrate and
shake well. The appearance of pink or red colour indicates the presence of an alcoholic

group.
2ROH + (NH4)Ce(NQ)s Y (ROHXCe(NQ)s + 2NH:NOs

2) Carbonyls (Aldehydes and Ketones)
T 2,4dinitrophenyl hydrazine test: We add a small amount (2 drops or 0.0%1g) of the
substance to 3 ml of 2dinitrophenyl hydrazine reagent and shake well. A crystalline

precipitate indicates the presence of a carbonyl compound. Occasionally the precipitate is
oily at first but this beomes crystalline upon standing.
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H/_o NHQNOL H>_N‘“NH4©7N02

05N
(2, 4-dinitrophenyljhy drazine H:C

(1E)acetaldehyde
(2-methyl-4-nitrophenyl)hy draz one

3) Aldehydes

T Schi f f WedisJokesthe given compound in alcohol andthen&dl of Schi f
reagent. The appearance of pink, red or magenta colour confirms the presence of aldehyde

group.

T Tollends Test (Weaddd3é¢ dropsvorftherliquidtd Thees tT)o:Igéne n 6 s
We heat the container. A shining mirror precipitate confirms the presence of the aldehyde.

2Ag(NHz);* + RCHO + 30H Y RCOO + 2Ag™ + 4NHs + 2H:0

4) Carboxyl Group
We can identify Carboxylic acid by the followinests:

1 Sodium Bicarbonate testWe add Sodium bicarbonate (NaHg@ the 1 ml of the sample.
A pinch of effervescence indicates the presence of a carboxylic group.

RCOH + NaHCG Y RCOONa + CO; + H0

1 Ester Test: We warm a small aman of the acid with two parts of absolute ethanol and one
pare of concentrated sulphuric acid. We cool the solution and pour it continuously into
aqueous N£Os solution. A sweet, fruity smell of an ester confirms the presence of ester.

5) Amino Group

The most important basic nitrogen compounds are the primary, secondary and tertiary amines and
they dissolve in mineral acids and change red litmus to blue.

1 Chemical classification of the amine functionThe classification of primary, secondary or
tertiaryamines is done by means of the reaction with nitrous acid.

T Nitrous Acid Test: We add 2g of the substance to 5 ml of 2 M HCI acid. Then, we cool it
and add 2 ml of iceold 10% aqueous NaN@olution slowly by means of a dropper. If we
obtain a clear solign, with a continuous evolution of nitrogen gas, the substance is a
primary amine.

RNH, + HONO Y ROH + HO + N
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Reference page/site
https://www.toppr.com/quides/chemistry/organichemistry/qualitativeanalysisof-organic
compounds/

Studentts Assessment

Fehlingdbs test is used for the detecti
What is meant by organic compounds?

What is an example of arorganic chemical?

What are the uses of organic compounds?

Why are organic compounds useful?

What organic compounds are used in medicine?

> T I T T

PRACTICAL # 01

U Distillation of oil from mixture of different oil sample by fractional distillation method.
(New)
U Determination of soap nhumber from soap sample to check the purity of Neay.
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https://www.toppr.com/guides/chemistry/organic-chemistry/qualitative-analysis-of-organic-compounds/
https://www.toppr.com/guides/chemistry/organic-chemistry/qualitative-analysis-of-organic-compounds/

CHAPTER # 2
AHYDROCARBONDO

J

y
' 4

> @
Hydrocarbon ?

J

INTRODUCTION

CHAPTER CONTENT

Alkanes & Oxidation of organic | Isomerism Benzene & Alkene & Alkyne
cycloalkanes compound substituted
benzene
Nomenclature Preparation of Chiral center Physical Addition &
alkenes properties Elimination
reaction
Physical properties | Conjugation Optical activity | MOT Types of reaction
Structure Dehydration of Optical isomer | Resonance energ] Nomenclature
alcohol & stabilization
Relative stability Dehalogination of Stereoisomerisn Addition & Ozonolysis
alkyl halide electrophilic
reaction
Reactivity Specific reactions Structural Substituent Polymerization
isomerism effects
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Major concepts.
U Hydrocarbon
Alkanes & cycloalkane
Alkenes
Alkynes
Radical substitution reaction
Oxidation of organic compounds
Isomerism
Benzene & substituted benzene.

[t i et B o B o N e

Conceptuallinkage
U  This unitis built on
U Introduction to alkane & alkyl halides.
U Alkenes & Alkynes

LEARNING OUTCOMES

1 Classify hydrocarbons as aliphatig
and aromatic.

Z

9 Describe nomenclature of alkanes
and cycloalkanes.

Z

1 Explain the shapes of alkanes ant
cycloalkanes exemplified by ethe
and cyclopropane.

1 Explain unreative nature of alkang
towards polar reagents.

Z

Z

91 Definehemolyticandheterolytic N
fission, free radical initiation,
propagatiorand termination.

9 Describe the mechanism of free
radical substitution in alkanes
exemplified by metane and
ethane.

Z

1 Identify organic redox reactions.

Z

9 Explain what is meant by a chiral
centerand show that suchaenter
gives rise to optal isomerism.

Z
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Identify chiral centers in given
structural formula of a molecule.

Z

Explain the nomenclature of
alkenes.

Z

Explain shape of ethene moleculg
in terms of sigma and pi-C
bonds.

Z

Describe the structure and
reactivity of alkenes as exemplifie
by ethene.

Z

Define and explain with suitable
examples the terms isomerism,
stereoisomerism and structural

isomerism.

Z

Explain dehydration of alcohols
and dehydrohalogenation of RX f(
the preparation of ethene.

Z

Describe the chemistry of alkeneg
by the following reactions of
ethene: Hydrogenation,
hydrohalogenation, hydration,
halogenation, halohydration,
epoxidation, ozonolysignd
polymerization

Z

Explain the concept of conjugatiol
in alkenes having alteate double
bonds.

Z

Use the IUPAC naming system fo N
alkenes.

Explain the shape of benzene
molecule (molecular orbital aspec

Z

Define resonance, resonance ene
and relative stability.)

Z

Compare the reactivity of benzeng
with alkanes and alkenes.

Z
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Describe what is meant by the ter
delocalized electrons in the conte
of the benzene ring.

Z

Describe addition reactions of
benzene and methyl benzene.

Z

Describe the mechanism of
electrophilic substitution in
benzene.

Z

Discuss chemistry of benzene an(
methyl benzene by nitration,
sulphonation, halogenation, Fried,
Craft's alkylation and acylation.

Z

Apply the knowledge of positions
of substituents in the electrophilic
substitution of benzene. (Applying

Z

Compare the reactivity of alkynes
with alkanes. alkenes and arenes

Z

Discuss the shape of alkynes in
terms of sigma and pi-C bonds.

Z

Describe the preparation of alkyng
using elimination reactions.

Z

Describe acidity of alkynes. N

Discuss chemistry of alkynes by N
hydrogenation, hydrohalogenatior
hydration, bromination, ozonolysis
and reaction with metals.

Describe and differentiate betwee
substitution and addition reactions

Z

Explain isomerism in alkanes,
alkenes, alkynes and substituted
benzene.

Z
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91 Draw different possible ring N
structure of benzene. -
1 Draw straight chain of alkane, N

alkene & alkyne up to 10 carbon
atom.

1 Predict the nature oholecule by
their structure.

Z

Society, technology & science

Students will be able to
U Identify and link use of various hydrocarbon used in daily life. (Understanding)
U ldentify various hydrocarbon which will be important as fuel for the future energy needs
of Pakistan (understanding)

Related videos.

sfc

ocfsue = C°H'® 0o - )10
pebssue = G H'® Chemisty o /o
= CATEAS
e ALKANES &
QeveLy| oLwnjg 12 MM A I- K E N E S

pougza’ If 12 C9||6q SU YIKIUE’ Suq U6
14 fUe pAgLocILpou cougsiue 9)| 21wd|e

Chemistry HRH }

FUNCTIONAL®
GROUPS

WHAT IS
BENZENE

1] warmevise T/

L aF
A-level Chemistry | (&
Kekule Structure of | II
Benzene
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https://www.youtube.com/watch?v=BjyG-m2I7Lg
https://www.youtube.com/watch?v=1LV-_vgu6cQ
https://www.youtube.com/watch?v=Sfm3eHe57PU
https://www.youtube.com/watch?v=nMTQKBn2Iss
https://www.youtube.com/watch?v=NgzFok_BA_0
https://www.youtube.com/watch?v=Z-5giG2d-UA
https://www.youtube.com/watch?v=sp__XbWqtu4
https://www.youtube.com/watch?v=oA75KZLzRxQ
https://www.youtube.com/watch?v=nNRfzwktHFY

(THEORY)

Hydrocarbon

A hydrocarbon is an organic chemical compound composed exclusively of hydrogen and
carbon atomd-dydrocarbons are naturallyoccurring compounds and form the basis of crude
oil, natural gas, coal, and other important energy sources

HYDROCARBONS

Classification and Types of Hydrocarbons

Older chemists classified hydrocarbons as either aliphatic or aromatic. The classification was done
based on their source and properties. As such, it was found out that Aliphatic hydrocarbons were
derived from chemical degradation of fats or oils whereas aromatic hydrocarbons contained
substances that were a result of chemical degradation of certain plant extracts. However, today we
classify hydrocarbons on the basis of structure and not merely on the origin.
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Hyvdrocarbons

3 | )
Aliphatic/acvclic Alicvlic

o o

Saturated Unsatured Homocyclic Heteracyclic

|
ool

Aromatic Non-aromatic ApgAromatic

Classification of Hydrocarbons

Types of Hydrocarbons

1

Saturated Hydrocarbonkh these compounds, carboarbon atoms and carbéwydrogen

atoms are held together by single bonds. These single bonded compounds are the simples
hydrocalo ns. These types of hydrocarbons don
of hybridizatior) they have Sphybridised carbon atom with no S@r Sp hybridised

Carbon atoms. They are together called as alkanes which have a general fokawa C

For example, ChC3Hes.

Unsaturated HydrocarboriEhese compounds consist of a single, doubletople bond
between carbogarbon atoms. The doubt®nded compounds are called alkenes and the
triple bonded compounds are called alkynes. The general formula for alkenes is

CnH2n and for alkynes the general formulaQigHzn2.

CycloalkanesThese hydrocarbons possess one or multiple carbon rings. The hydrogen
atom is attached to the carbon ring.

Aromatic HydrocarbonsThese are alscalled as arenes. Arenes are compounds which
consist of at least one aromatic ring.

Aliphatic HydrocarbonsThey are straight chain structures having no rings in them.

Alicyclic Hydrocartons They are hydrocarbons having a ring structure in them. The
carbons atoms can be Sp28pSp hybridised.

Properties of Hydrocarbons

Due to their different molecular structures, the empirical formula of hydrocarbons is also
different from each other. For instance, alkanes, alkynes or alkenes, the amount of bonded
hydrogen decreases in alkenes -anddahigpnes.
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catenation of carbon that prevents the complete saturation of the hydrocarbon by the formation of
double or triple bonds. The ability of hydrocarbons to bond to themselves is known as
catenation. With such capabilities, they can form more ¢exnpolecules like cyclohexane and
in rare instances aromatic hydrocarbons likazene.

Meanwhile,cracking of Hydrocarboris a process in which heavy organic molecules are broken
down into Ighter molecules. This is accomplished by supplying an adequate amount of heat and
pressure. Sometimes catalysts are used to speed up the reaction. This process plays a very
important role in the commercial production of diesel fuel and gasoline.

Physical Roperties

Alkanes with 10 Gatoms or less are generally gases at room temperatures more than 10 C
atoms, the molecules are gases or liquid. Alkanes generally having low boiling and melting
points owing to their weak Vander wal 6s inte

Boiling point depends on the following factors:

1 Molecular mass
1 Branching

Alkanes having high molecular mass and high boiling points. Bdé as more boiling point
than CH

Alkanes having same molecular mass but having a different number of branches, the one with
|l ess branching has more boiling point this
increases.

For example, CECH.-CH>-CHz has more Boiling point. Alkarseare very feebly soluble in
water but they are soluble in npolar solvents such as Benzene, £€lc.

Preparation of HydrocarboifisAlkenes

General formula: .,

Preparation Methods

Most of the reactions involving the preparation of alkeneslve elimination processThere are 3
mechani sms suggested for the el i mglimrationson reacti on

E. Mechanism

1 Second order kinetics.

1 Single step proes.

1 Order & reactivity 1° > 2° > 3°
Because of steric hindrance

1 More favoured in noipolar, aprotic solvents.
71 Less substituted alkenes formed as a major product.
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E. Mechanism

1 Two step process.

1 1+order kinetics

1 Order of reactivity: 3° > 2°>1°
Because of the stability of carbonation.

1 More favoured by polar, protic solvents.
1 Rearrangement possible
1 Gives more substituted alkene as major products.

Hydration
(i) Acid catalysed
1 Markovnikov product

1 Rearrangement is possible.
(i) Hydroboration -oxidation:

1 Anti i Markonikov
1 No rearrangement
(iii) Oxymercuration -Demercuration:

1 Markonikov
1 No rearrangement

Oxidation Reactions

1T Using Baeyerds reagent
1 Using hotKMnQO,

1 Ozonolysis

1 Using QO,

1

Addition of peroxy acid

Preparation of HydrocarboiisAlkynes
Alkynes can be prepared fromkyl halides andlcohols.

Addition reaction:

All addition reactionin alkenes are possible.

Benzenel Preparation

1 From ethyne
1 From phenol
1 From aniline
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Chemical Properties:

Benzene generally undergoes electrophilic substitution reactions.

1 Friedel Crafts alkylationhalogenation andcylation
1 Nitration

Uses of Hydrocarbons

1 Hydrocarbons are widely used as fuels. &ample LPG (liquefied petroleum gas),
CNG (Liquefied natural gas).

They are used in the manufacturing of polymers such as polyethene, polystyrene etc.

These organic compounds find their application in the manufacturing of drugs and dyes
as a starting matel.

1 They serve as lubricating oil and grease.

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

Nomenclature

The most widely used standards for organic nomenclature evolvesgfiggestions made by a

group of chemists assembled for that purpose in Geneva in 1892 and have been revised on a
regular basis by thieternational Union of e and Applied ChemistifUPAC). The IUPAC

rules govern all classes of organic compounds but are ultimately based on alkane names.
Compounds in other families are viewed as derived from alkanes by appending functional groups
to, or otherwise modifyinghe carbon skeleton.

The IUPAC rules assign names to unbranched alkanes according to the number of their carbon
atoms. Methane, ethane, and propane are retained fopOEKCH;, and CHCH.CH;,

respectively. Tha- prefix is not used for unbranchatkanes in systematic IUPAC

nomenclature; therefore, GEH.CH.CH; is defined as butane, netutane. Beginning with
five-carbon chains, the names of unbranched alkanes consist of a Latin or Greek stem
corresponding to the number of carbons in the chédliomied by the suffixane. A group of
compounds such as the unbranched alkanes that differ from one another by successive
introduction of CH groupsconstitutea homologous series
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IUPAC names of unbranched alkanes

alkane formula name alkane formula name
CH, methane CHs(CH,)sCH; octane
CH.CH; ethane CHs(CH,).CH; nonane
CH,CH,CH; propane CHs(CH,)sCH; decane
CH,CH,CH.CH; butane CH;(CH,)sCH; pentadecane
CHy(CH,)sCH; pentane CH;(CH,):sCH; icosane
CHy(CH,).CH; hexane CH;(CH,)2sCH; triacontane
CHy(CH,)sCH; heptane CH;(CH,)esCH; hectane

Alkanes with branched chains are named on the basis of the naméonigthst chain of carbon
atoms in the molecule, called tharent The alkane shown has seven carbons in its longest chain
and is therefore named as a derivative of heptanenth@nched alkane that contains seven
carbon atoms. The position of the Qhhethyl) substituent on the sevearbon chain is

specified by a number {B called docant obtained bysuccessively numbering the carbons in

the parent chain starting at the end nearer the branch. The compound is therefore called 3
methylheptane.

1 2 =2 4 5 a6 7
CH,CH, CHCH, CH, CH,CH, S-methylheptanes

CH,

When there are two or more identical substituents, replicating prefixefifdietra, etc.) are

used, abng with a separatacentfor each substituent. Different substituents, such as ethyl

(" CHH;) and met) graups, afe citedHin alphabetical order. Replicating prefixes are
ignored when alphabetizing. In alkanes, numbering begins at the end tleasegistituent that
appears first on the chain so that the carbon to which it is attached has as low a number as
possible.
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CH,

CH,CHCH,CCH,CH,CH,CH, 4-ethyl 2, 4-dimethyloctane

CH, CH,CH,

Methyl and ethyl are examples akyl groups An alkyl group is érived from an alkane by

deleting one of ith y d r o, therebylsaving a potential point of attachment. Methyl is the only
alkyl group derivable from methane and ethyl the only one from ethane. There arg¢ifvend

four CH, alkyl groups. The IUPAC reks for naming alkanes and alkyl groups cover even very
complex structures and are regularly updated. They are unambiguous in the sense that, although
a single compound may have more than one correct IUPAC name, there is no possibility that two
different canpounds will have the same name.

Reference page/site
https://www.britannica.com/science/hydrocarbon#ref277891

Cycloalkanes

Countless organicompoundsre known in which a sequencecafrfbonatoms, rather than being
connected in a chain, closes to form a ring. Saturated hydrocarbons that contain one ring are
referred to as cycloalkanes. With a general formula,bldn is an integer greater than 2), they
have two fewer hydrogen atoms thanaditanewith the same number of carbon
atoms.Cyclopropan€CsHe) is the smallest cycloalkane, wheregslohexan€CsH12) is the

most studied, best understood, and most impbrtgis customary to represent cycloalkane rings
as polygons, with the understanding that each corner corresponds to aatamtmwhich is
attached the requisite number of hydrogen atoms tg tsriotal number of bonds to four.

H, o
/':\ i ‘i H,o" TCH,
= | | =
H,C'—CH, HyC ~ AHy
H,
eyclopropane (U H) eyclohexane (O H, )

In naming cycloalkanes, alkyl groups attached to the ring are indicated explicitly and listed in
alphabetical order, and the ring is numbered so as to give the lowest locant to-tdpp8esting
substituent. If two different directions yield equivalestdnts, the direction is chosen that gives
the lower number to the substituent appearing first in the name
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H.C _H
3 3 H.C CH,CH,
3 1
| U
3
CH,
1,1, Z-trimethyleyclopentane 1-ethyl-3-methyloycloheptane
(not 1,3, 2-trimethylevelopentanes)  (not 1-methyl-3-ethyleyveloheptane)

Stereoisomerism

Certain substituted derivatives of cycloalkanes exhibipa ofisomerismcalled
stereoisomerism in which two substances have the same molecular formula and the same
constitution but differ in the arrangement of theivmsin space. Methyl groups ih2-
dimethylcyclopropanefor example, may be on the sams) or opposite tfans) sides of the
plane defined by the ring.hE resulting two substances are differmnhpoundseach having its
own properties such &wiling point

H H

313\ J/CHS 3':\ f{H

HMI HMHS
cis-1, Z-dimethyloyolopropae trans-1, 2-dimethyloyelopropare
bp 37°C) (bp 29°C)

Cis-transisomersbelong to a class of stereoisomers known as diastereomers and are often
referred to as geometric isomers, although this is an obsoletedertrans sterecisomers

normally cannot be interconverted at room temperature, because to do so requires the breaking
and reforming of chemical bonds

Isomerism

What is Isomerism?

Isomerism is the phenomenon in which more than one compounds have the same chemical formul
but different chemical structures. Chemical compounds that have identical chemical formulae but
differ in properties and the arrangement of atoms in the molecule areisalieets Therefore,

the compounds that exhibit isomerism are known as isomers.

The wordiii somer 0 is derived from the Greek wor
partso. This term was coined by the Swedi sh
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Types

There are two primary types of isomerism, which can be further categorized irdcermliff
subtypes. These primary types 8&teuctural Isomerism andStereoisomerism The
classification of different types of isomers is illustrated below.

Isomerism
Structural Stereo
— Chain l
— Positional |
. Geometric Optical

— Functional — = =
Isomers differ in their Isomers differ in the

L Metamerism spatial arrangement arrangement of atoms
about a double bond. in 3D space which

Ly : create mirror images

Tautomerism of each other.

— Ring-chain

Structural Isomerism

Structural isomerism is commonly referred to as constitutisoaherism. The functional groups

and the atoms in the molecules of these isomers are linked in different ways. Different structural
isomers are assigned different IUPAC names since they may or may not contain the same
functional group. The different types$ structural isomerism are discussed in this subsection.

Chain Isomerism

f Itis also known as skeletal isomerism.
1 The components of these isomers display differently branched structures.
1 Commonly, chain isomers differ in the branchingafbon
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1 An example of chain isomerism can be observed in the compathgd & illustrated below.

Cij%
|
CH,CH,CH,CH,CH,, CH, -CHCH,CH,
Pentane [sopentane

(2-Methylbutane)

CH,
|
CH,—C—CH,
CH,
Neopentane
(2.2-Dimethylpropane)

Position Isomerism

1 The positions of the functional groups or substituent atoms are different in pcsitioers.

1 Typically, this isomerism involves the attachment of the functional groups to different carbon
atoms in the carbon chain.

1 An example of this type of isomerism can be observed in the compounds having the formula
C:H.CI.

CH;—CH,-CH,  CH3;—-CH-CH,

| l
Cl o

1-Chloropropane 2-Chloropropane

Functional Isomerism
{1 Itisalso known as functional group isomerism.

1 As the name suggests, it refers to the compounds that have the same chemical formula but
differentfunctional groupattached to them.
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1 An example of functional isomerism can be observed in the compouh® C

propanal propanone (acetone)
H H 0 Fi H
l | I
H—C—C—-C’ H—C—C—C—H
| ] |
H H H H H
Metamerism

1 This type of isomerism arises due to the presence of different alkyhglmn each side of the
functional group.

1 Itis arare type of isomerism and is generally limited to molecules that contain a divalent atom
(such assulfuror oxygen), surrounded by alkyl groups.

1 Example: CH O can be represented as ethoxyethane.HOCH) and methoxypropane
(CHOCGH,).

Tautomerism

1 Atautomer of a compound refers to the isomer of the compound which only differs in the position
of protons and electrons.

1 Typically, the tautomers of a corapnd exist together in equilibrium and easily interchange.
T It occurs via an intramolecular proton transfer.
1 Animportant example of this phenomenon is Ketwol tautomerism.

Ring-Chain Isomerism

1 Inringchain isomerism, one of the isomers has an ephainstructure whereas the other has a
ring structure.

1 They generally contain a different number of pi bonds.

1 A great example of this type of isomerism can be observeeHn Rropene and cyclopropane are
the resulting isomers, as illustrated below.

CH3CH=CH 7  and /\

Propene ;
1 Cyclopropane
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Geometric Isomerism

It is popularly known asistrans isomerism
These isomers have different spatial arrangements of atoms in ttlirmensional space.

An illustration describing the geométrisomerism observed in the acyclic 2#tne molecule is
provided below.

H.C CH, H CH,
N4 N,/
C=C

C=C
/ 0\ J\
H H  H,

cis-but-2-ene trans-but-2-ene

Optical Isomerism

1 Compounds that exhibit optical isomerism feature similar bonds but different spatial
arrangements of atoms forming nesuperimposable mirror images.

These optichisomers are also known as enantiomers.
Enantiomers differ from each other in their optical activities.

Dextro enantiomers rotate the plane of polarized light to the right whereas laevo enantiomers
rotate it to the left, as illustrated below.

e B w R
“9 Y

en - en

A

dextro mirror laevo

Referencepage/site
https://byjus.com/chemistry/isomerism/
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Polymer Principles

Polymerization is the process of connecting these monomers together and creating large
macromolecules of different sizes and shapes. Polymerization is similar to constructing a large
building out of the same type of Lego blocks. The blocks can be connected in various ways to create
a larger, more intricately shaped structure than the original Lego block on its own.

The two major types of polymerization are addition polymerization and condensation polymerization.

Addition Polymerization

Polymerization that occurs through the coupling of monomers using their multiple bonds is

called addition polymerization . The simplest example involves the formation of polyethylene from
ethylene molecules. In this reaction, the double bond in each ethylene molecule opens up, and two
of the electrons originally in this bond are used to form new carbon-carbon single bonds with two
other ethylene molecules.

Some common commercial addition polymers are:

1 Polyethylene - films, packaging, bottles
1 Polypropylene - kitchenware, fibers, appliances
1 Polyvinyl chloride - pipe fittings, clear film for meat packaging

Condensation Polymerization and Hydrolysis

The dhemical mechanism that cells use to make and break polymers are basically the same in all
cases. Monomers are connected by a reaction in which two molecules are covalently bonded to
each other through loss of a water molecule; this is calbetdensation

polymerization because the lost molecule is water. When a bond forms between two monomers,
each monomer contributes part of the water molecule that is lost; one molecule provides a
hydroxyl group, while the other provides a hydrogen. To make a polyneere#ttion is

repeated as monomers are added to the chain one by one.

Polymers are disassembled to monomerkyarolysis, a process that is essentially the reverse
of the dehydration reaction. 'Hydrolysis,' from Greek, means to 'break with water.' Bonds
between monomers are broken by the addition of water molecules, a hydrogen from the water
attaching to one monomer and a hydroxyl attaching to the adjacent monomer.

Some common polymers in life are:
1 Disaccharides and polysaccharides like maltose, su@aodeylycogen

1 All proteins made from amino acids
T Nucleic acids, like DNA and RNA, made from nucleotides

Some common commercial condensation polymers are:
1 Polyurethane
1 Polyethylene terephthalate (a polyester)
1 Nylon 6,6
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Chiral carbon
An asymmetric carbonatom €hiral carbon) is acarbon atom that is attached to four different types of
atoms or groups of atoms.

*

1 1
¢ &
2/ I||,l__4 4..”." \\2

Mmirror
plane

* = chiral carbon atom

Optical Activity

Optical activity is the ability of a chiral molecule to rotate the plane of plamiairsedight,
measured using@olarimeter. A simple polarimeter consists of a light source, polarising lens,
Light source sample tube

sample tube and analysing lens.

polansing flter analyser

When light passes through a sample that can rotate plane polarised light, the light appears to dim
because it no loreg passes straight through the polarizing filtédree amount of rotation is

guantified as the number of degrees that the analyzing lens must be rotated by so that it appears
as if no dimming of the light has occurred.

An introduction of Benzene.
INTRODUCTION

¥ Molecular formula= GHs
¥ Empirical formulas CH

¥ Molecular mass: 78

¥ Empirical formula mass 13
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¥ percentage of carbon 93.6%

¢

Percentage of hydrogen 6.4%

Structural formula=

It is an aromatic hydrocarbon.

Physical state liquid at room temperature.

Melting point=5.5C

Boiling point= 80C

It is highly inflammable.

Benzene burns with smoke due to high percentage of carbon.
It is insoluble in water.

It is soluble in organic solvents.

Benzendlissolves fats, sulphur, iodine and resins.

e e

Nature: (a) highly unsaturated (according to structure)
(b) saturated (according to reactions)

¢

Nature of reactions:
(a) Substitution reactions
(b)Addition reactions (under special conditions)

¥ Benzene was first isolated by Faraday.
¥ Hoffman was the first scientist who separated benzene from coal tar.

WHAT IS THE EXACT STRUCTURE OF BENZENE?

KEKULE'S STRUCTURES FOR

BENZENE
To answer this question a chemist KEKULE, in 1865 suggested the following structure for
benzene.

Kekul ebds structur e ) . nzene:

According to Kekule:

® Six carbon atoms in benzene are on the six corners of a regular hexagone.
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¢ Each C-atoms is attached with one H -atom.

L4 There are 3 alternate double bonds between two C -atoms to complete fourth valency of
carbon i.e.

PROPOSED STRUCTURE
There was an objection to the above mentioned structure of benzene that it must give
two ortho isomers (Di substitution) but in actual practice only one ortho isomer is

obtained i.e.
}|{
/Y Y*--h_%
OR

To answer this question Kekule extended his theory and argue that the position of double
bond in benzene is not fixed but the double bond system is revolving over the hexagonal

X
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ring. He proposed following structures and said that all C -C positi ons have a partial
double bond character.

o

In the extension of his theory, Kekule, explained that C -atoms in benzene were in a state
of vibration and due to this vibration each pair of C -atoms has a single bond half of the
time and a double bond the other half time.

Kekul ebs structure failed to explain why benze
undergo addition reactions like alkenes or alkynes.

For latest information , free computer courses and high impact notes vis it

: www.citycollegiate.com

Q: Define Aromaticity?
A: The aromatic compounds containing alternate double and single bonds in a cyclic
structure and resemble benzene in chemical behaviour. They undergo substitution
reactions rather  addition reactions. The characteristic behaviour is called Aromaticity or
aromatic character.

Criteria of Aromaticity:

An aromatic compound is cyclic and planar.

Each atom in an aromatic cyclic ring has a p -orbital. These orbital are parall el to each
other and continuous overlapping is possible around the ring.
The cyclic pi -molecular orbital formed by the overlapping of p -orbital must

contain (4n+2) pi-el ectr ons. This is called HUCKLE RULE
(0,1,2,3,¢)

| MODERN CONCEPT OF THE STRUCTURE OF BENZENE
MOLECULAR ORBITAL TREATMENT

OF BENZENE

This is the most accurate concept of the structure of benzene. The structure of benzene
molecule is best described in terms of molecular orbital treatment theory.

According to this theory, all the C -atoms in benzene are sp  2-hybridized. Two sp  2-hybrid
orbitals of each C -atom overlap with two sp  2-hybrid orbital of two other C -atoms to form
sigma bonds. In this way there are six sigma bond s are formed between six C  -atoms
which are 120 ° apart. Remaining six sp?-orbital of six C -atoms overlap with 1s orbital of
six H -atoms individually to form six sigma bonds. Since sigma bond results from the
overlap of above said planar orbital, all H and C atoms are in the same plane and their
generate a hexagonal ring of C -atoms.
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Each C-atom in benzene also has an unhybrid 2pz -orbital containing one electron. These
2pz -orbital are perpendicular to the plane of sigma bonds.
Pz orbital in benzene

iy

These 2pz -orbitals by lateral o verlapping form three alternate pi -bonds in benzene
ring.There are two possibilitie s of pi -bond formation in benzene.

OR

Actually these 2pz -orbital produce a pi -molecular orbital containing six electrons. One
half of this pi - molecular orbital lies above the plane of hexagonal ring and remaining half
below the ring like a sandwich.
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The overlap of these 2pz  -orbital result in the formation of a fully delocalized pi -bond,

which extends all over the six C  -atoms of benzene nucleus. The molecular orbital
approach clearly indicates that these six electrons could be found anywhere in highly
delocalized manner. As a result of delocalization, a stronger pi -bond and a more stable
benzene molecule is obtained which undergo substitution reactions more frequently than

addition reactions.

BOND LENGTH ANALYSIS IN BENZENE
GC length in alkane = 1.94

C=C length in alkene = 1934

But in benzene,

GC length = 1.39A

C=C length = 1.39%

This shows that in benzene single and double bonds have quite extraor  dinary character
as they do not resemble to alkane and alkene in bond lengths.

That is why benzene shows a behavior of saturated as well as an unsaturated
hydrocarbon  simultaneously.
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MODERN REPRESENTATION
OF BENZENE

With the help of molecular orbital behavior we conclude that benzene has
A regular hexagonal structure with an inscribed circle.

A hexagon with alternate double and single bonds.

0-0-0

Q: Write a note on the stability of benzene
ring.

A: In benzene ring pi  -molecular orbital is in a state of vibration due to this vibration
resonance is produced. The stability of benzene ring is due to resonance energy of the
system. The resonance energy is the difference in energy content of benzene compared
with that of a formal written structure. The Kekulebds structwu
electrons as specific pi  -bonds alternately between particular C  -atoms. The actual
resonance hybrid structure has these electrons delocalize d spread over the whole ring.
Hence, pi -electrons of benzene are not readily available at particular positions as in
alkenes, and so do not assist the attack of a weak electro phile in the same way as
in alkenes. On the other hand the reactivity of benzene ring is also affected by the
presence of annular  pi-electronic cloud which acts as a repelling shield to any nucleophile
attack. Thus electrophilic substitution is more common in benzene but for a powerful
electrophile reagent.

ORIENTATION IN B ENZENE

All hydrogen atoms of the benzene ring are equivalent. Therefore,when a group enters
into the benzene ring, only one monosubstituted product (C 6Hs-G) is possible as
described below:

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER




+G

|

Benzene Monosubstitution
product
Problem starts when another group (E *) or second substituent enters into
monosubstituted benzene and it can occupy any one of the remaining five positions as
shown below:.
G
|

G
G | E

|
E ©
Para OR
product OR
G &
| B
: Ortho
M
pr.m;:i:t product

But which one of the five positions the new group will occu py??? Let us discuss the exact

possibility.
FURTHER SUBSTITUTION
Positions 2 and 6 are same (ortho product)
Positions 3 and 5 are same (meta product)
Position 4 is para position
For latest information , free computer courses and high impact notes

visit www.citycollegiate.com
A substituent (G) already present on the benzene ring imparts two types of influence on
benzene ring for further  substitution.
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® Directive effect

o Activity effect
DIRECTIVE OR ORIENTATION
EFFECT

The first substituent (G) may direct the next incoming group (E *) to ortho, meta or para
position, depending on the nature of the first substituent. This is called directive or
orientation effect.

ACTIVITY EFFECT
The substituent already present may activate or deactivate the benzene ring towards
further substitution. These effects are called the activity effects.
DIRECTIVE EFFECTS OF
SUBSTITUENTS
In monosubstituted benzene, C sHs-G, there are five hydrogen atoms.

® Ortho = 2 positions
® Meta = 2 positions

® Para = 1 position
But, this distribution is never obtained. The products formed, in fa ct,is determined by
the nature of the first substituent already present on the ring .

Reference page/site
https://www.citycollegiate.com/benzene3.htm

Student s Assessment

A What is aliphatic hydrocarbon used for?

Is benzene aliphatic or aromatic?

Is alcohol an aliphatic compound?

What are the 4 types of hydrocarbons?

Is aliphatic hydrocarbon dangerous?

What products contain hydrocarbons?

What are the eéffcts of hydrocarbons?

What is the main source of hydrocarbons?

Write structures of all the alkenes which on hydrogenation givethylbutane.
How would you convert the following compounds into benzene?
(i) Ethyne (ii) Ethene (iii)) Hexane

D D D> B

Whateffect does branching of an alkane chain has on its boiling point?

Write chemical equations for the combustion reaction of the following hydrocarbons:
(i) Butane, (ii) Pentene, (iii) Hexynéjv) Toluene

Write the IUPAC namesf the following compounds :

(i) CH3s CH = C (CH)2

(i) CH2=CHi C Ci CHs

Reference page/site

https://byjus.com/ncertsolutionsclassl1-chemistry/chapterl3-hydrocarbons/

> >

Lesson plan
https://teachers.net/lessons/posts/3339.html
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PRACTICAL # 02
U Determination of protein in meaample (New)
U Determination of fats in the sample of talloiMew)

CHAPTER # 3

NALKYL HALIDESo0& AMI NES
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RI Rl
| |

H—N: + R, X — N—R, + HX
| |

halogenoalkane
halogen
R 2 R 2 .3
acid
primary or alkyl-sul?stituted
secondary amine
amine (secondary
or tertiary)
INTRODUCTION
CHAPTER CONTENT
Alkyl halide Organometallic compound Amines

T Grignarddés r ¢ 1 Nomenclature
9 Nomenclature

1 Physical & chemical properties T Preparation ¢ 1 Physical &

reagent chemical
properties
1 Preparation of alkyl halide 1 Reactions 1 Preparation of
alkyl amines.
1 Different types of reaction 1 Chemical properties of 1 Structure of
Grignardods r ¢ amines.
1 Mechanism of reactions 1 Preparation of alcohol by 1 Basicity of
Grignardods r ¢ amine

Major concepts.
U Alkyl halide
U Organometallic compound
U Amines
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Conceptual linkage
U Functional groups
U  Amino acids

LEARNING OUTCOMES

1 Name alkyl halides using IUPAC system

Z

9 Discuss the structure and reactivity of R’

Z

1 Describe the preparation of RX by the
reaction of alcohols with HX, SOCI2 and
PX3 and by radical halogenation of
alkanes.

Z

1 Describe the mechanism and types of
nucleophilic substitution reactions.

Z

1 Describe the mechanism and types of
elimination reactions.

Z

1 Describe the preparation and reactivity o
Grignard's Reagents.

Z

9 Discuss chemistry of Grignard's reagent
the addition of aldehydes, ketones, estel
andcarbon dioxide.

Z

9 Discuss nomenclature, structuredan
basicity of amines.

Z

1 Describe the preparation of amines by
alkylation of ammonia to RX and
reduction of nitrites, nitro and andd
functional groups.

Z

9 Discuss eactivity of amines.

Z

1 Describe chemistry of amines by
alkylation of amines with RX, reactions
with aldehydes, ketones, preparation of
amides and diazonium salts.

Z

91 Describe isomerism in alkyl hdes and N
amines. ~
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organic compounds

1 Identify amines in the laboratory b N
carrying out appropriate test -
{1 Perform test to detect nitrogen in N

9 Differentiate different fruits on the
basis of their basicity or acidity

Z

Society,technology & science

Students will be able to

U Identify organic metallic compound in medicines.(Applying)

i Compare hemoglobin and chlorophyll. (Understanding)

U Recognize alkyl halide are precursor of many organic compound. (Applying)

Related videos

Alkyl Halides

o\

A“‘_‘jl Halides
- hl[ltjln chem bonded ¢ s¢> Corbon

Br

~21R9f0!
HOITA3S

(THEORY)

‘Sample Problem 3) Name the following molecule: - [ CRSURENRSIN

cl Step |
e

ethane

Amines

quick revision
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https://www.youtube.com/watch?v=LnXEvGugdag
https://www.youtube.com/watch?v=itGxQeTcJDA
https://www.youtube.com/watch?v=kYHqd0TgMow
https://www.youtube.com/watch?v=595ENX3iqEE
https://www.youtube.com/watch?v=ZeHD7GcPNck
https://www.youtube.com/watch?v=kMDI4_0WedU

Alkyl Halide

What are Alkyl Halides?

Alkyl halides also called halo alkanes or halogenoalkanes are chemical compounds that are often
derived from alkanes that contain one or ntfaakbgens. We can also say that alkyl halides are a
subset of the general class of halocarbons.

Alkyl halide or halo alkanes are formed by the replacement of hydrogen atoms in an aliphatic
hydrocarbon by halogen atoms (Fluorine, chlorine, bromine or iodihey can also be
manufactured from any organic precursors such as alkanes, alkenes, or alcohols and carboxylic
acids. Generally, alkyl halides contain hydrogen atoms attached to th@sgized carbon

atom of alkyl groups.

Some of the examples of Alkialide include;

Cl
|
CH3-CH2-1 CHs-CH-CHy CHg—f_?H—CHg—EFr
CHgy
indoethane 2-chloropropane 1-bromo-2-methylpropane

Classification Of Alkyl Halide

Alkyl Halide can be classified on the basis of various aspects. They are as follows.

Number of Halogen Atoms

Here, the classification mainly depends on whether they contain one, two, or more halogen
atams in their structure. Under this category we have;

1. Mono Halo alkane

Example: CHCH,-X [Where X can be Cl, F, Br or I]

2. Dihaloalkane

Example: XCH,-CH,-X [Where X can be CI, F, Br or I]

3. Trihaloalkane

Example: XCH,-CHX-CH,-X [Where X can be CI, BBr or I]

The Position of Halogen atom Along the Chain of Carbon Atom

The classification depends on how the halogen atom is positioned on the chain of carbon atoms.
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1. Primary alkyl halide
2. Secondary alkyl halide
3. Tertiary alkyl halide

Primary Alkyl Halide

In this type of halo alkanes, the carbon which is bonded to the halogen family will be only
attached to one other alkyl group. I't doesn

Some examples of primary halo alkanes are,
CH3z—CHa—Er  CH3CHa—CHa—Cl CH3I1|3H—CH2—I
CHz

Secondary Alkyl Halde

In this type of halo alkanes, the carbon atom which is bonded with the halogen atom is joined
directly to the other two alkyl groups which can be same or different. Some of the examples are:
CH3—(|.‘:H—CH3 CH3—(|:H—CH2CH3
Er Cl

Tertiary Alkyl Halide

In this type of haloalkanes, the carbatom which carries the halogen atom is directly bonded to
three alkyl group. This alkyl group maybe with a combination of the same or different. Some
examples are,

e T
Chy— G CHy CH3—C—CHaCHz
I
Br Cl

Alkyl Halide Properties

Alkyl halides are colorless when they exist in pure form. Brdamides and iodides develop
color when exposed to light. Many volatile halogen compounds have a sweet smell.

Boiling and Melting Points

1 Methyl chloride, methyl bromide, ethyl chloride and some chlorofluoromethanes are in the
form of gas at room temperater

Higher members are liquids or solids.
As we know, molecules of organic halogen compounds are polar in nature.

Due to greater polarity and greater molar mass as compared to parent hydrocarbon, the
intermolecular force of attraction is stronger in haloggerivatives.

1 So, the boiling points of chlorides, bromides and iodides are considerably higher than that of the
hydrocarbon with the same molecular mass.

{1 The attraction gets stronger as the size and number of electrons increases.
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1 The boiling points of ajk halides will decrease in the order Rl > RBr > RC| > RF.
Density

1 Bromoderivatives, iodederivatives and polychloro derivatives of hydrocarbons are heavier than
water.

1 The density increases with an increase in the number of carbon atoms, haltares and
atomic mass of halogen atoms.

Solubility

The haloalkanes are less soluble in water.

To dissolve haloalkanes in water, energy is required to overcome the attractions between the
haloalkane molecule and break the hydrogen bonds between the watézaules for
haloalkanes to dissolve in water.

1 Very less amount of energy is released when new attractions between the haloalkanes and the
water molecules are formed. Which is not as strong as the original hydrogen bonds in water.

So, the solubility of haldkanes in water is less.

But, the haloalkanes will dissolve in the organic solvent than in the water. Because of this, the
complex interaction between the haloalkanes and the creative molecules has the same potential
as those broken by the unique and molgar halo alkanes.

Chemical Reactions

The chemical reaction of halo alkanes can be divided into three categories:

1. Nucleophilic substitution reaction
2. Elimination reaction
3. Reaction with metals

Nucleophilic Substitution Reaction

In this type of reaction, aucleophile reacts with haloalkane which is having a partial positive
charge on the carbon atom which is bonded to halogen. A substitution reaction takes place and
halogen atom called leaving group leaves as halide ion. Since the substitution reautiareis

by a nucleophile, it is calleducleophilic substitution reaction

Example:
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https://byjus.com/jee/nucleophilic-substitution-reaction/

. +5 -
NuU + GHS_ C,lH —CH3 — - CHS" ClH - CHE + Br
Bfa Nu

It is one of the most useful classes of organic reactions of an alkyl halide inhvatagien is
bonded to syhybridized carbon.

Elimination Reaction

When a haloalkane havifighydrogen atom is heated with alcoholic solution of potassium

hydroxide, it will | ead t o itcareonadmiamdiahaogen o n
atomfran t healtUbon atom. As a result, an alkene
hydrogen atom is invol ved elimnatienlreaatonnat i on, i

H
_l_!_ —I;.C:C + B-H + X
| N

B=Base X=Leavinggroup

If there is any possibility of formation of more than one alkene due tadisemqce of more than
0 n e hywrogen atoms, usually one alkene is formed as the main product.

Reaction With Metals

Most organic chlorides, bromides and iodides react with certain metals to give compounds
containing carbometal bonds. Such compounds anewn as organometallic compounds. The
product formed by the reaction of haloalkanes with magnesium metal in dry ether.

Meanwhile,Grignard reagenitend to react actively and can react with aayrce of protons
leading to the formation of hydrocarbons. It is therefore essential to avoid Grignard reagent.
Otherwise, this will be considered as one of the modifications to hydrocarbons.

Synthesis of Alkyl Halides

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER

o f
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| Synthesis of alkyl ha!ldesl

Conversion of alcohol to
alkyl halide

ion of alkenes

Using of:
ddition of -4

enes

hydrogen |——f

| Allylic halogenation | | Hydrogen:halides I

Phosphorus
tribromides

Thionyl chloride

Uses of Alkyl Halide

il

Many organic ompounds containing halogens occur in nature and some of these are
clinically useful.

These classes of compounds find good applications in industry as well as in day to day
life.

They are used as solvents for relativelyspaar compounds and as startimgterials
for the synthesis of a wide range of organic compounds.

Chlorine containing antibiotic, chloramphenicol, produced by soil microorganisms is
very effective for the treatment of typhoid fever.

Some of the fully fluorinated compounds are being cereid as potential blood
substitutes in surgery.

They are used as synthon equivalents in organic synthesis.
Previously used as refrigerants and propellants.
They are also used in fire extinguishers

Preparation of Alkyl Halides
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1. Preparation of Alkyl Halides from Alkenes

H+ + +
H3C_CH:CH2 - HSC_(.FH_CHQ + H3C_CH_(FH2

H H
n1 n2

ﬂ Br “ Br

H3C_(|-:H_(|:H2 H3C_(FH—QH2
H Br Br H

n n2

Preparation of alkyl halides from alkenes
The addition of hydrogen halides to al kenes
Kharash effect. All the electrophilic addition reactions of alkenes followiagkovnikov
rule are known as Markovnikov addition reactions. A general example of such reaction is given
below:

2. Preparation of Alkyl Halides from Alcohols

Alkyl halides can easily be prepared from alcohols uperaddition of halides. In this reaction
hydroxyl group of alcohol is replaced with the halogen atom attached to the other compound

involved. This reaction requires a catalyst
require any catalyst for tertiary alcohols.

A

CH;CH,OH + SOCl, —> CHiCH.,CI + SO, + HCI
A

CH;CH,OH + PCly —> CHiCH,CI + P(OH)z;+ HCI
A

CHisCH,OH + PCls —> CH3CH,ClI + POCI; + HCI

A
CHgCHzOH + PBrS — CHgCHgBr + P(OH)3+ HBr

Preparation of alkyl halides from alcohols

3. Preparation of Alkyl Halides by Free Radical Halogenation

A complex mixture of isomeric mor@and polyhaloalkanes upon free radical chlorination or
bromination ofalkanes
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https://byjus.com/chemistry/alkanes/

clg /UVlight

CH;CH;CH;CH4 CH3CH; CHCI CH; + CH3;CH; CH; CHCl

Preparation of Alkyl Halides via Free Radical Halogenation

Preparation of Aryl Halides

1. Preparation of Aryl Halides via Electrophilic Substitution Reactions

Aryl halides can be prepared by electrophilic aromatic substitution of arenes with halogens in the
presence of a Lewis acid.

CHy . CHs CHs
@ + X ~ari” OX + X,@

Preparation of aryl halides via electrophilic substitution reactions

2. Preparation of Aryl Halides throughS a n d Md&gaetiond s

Aryl halides can also be prepared by mixing the solution of freshly prepared diazonium salt from
the primary aromatic amine with cuprous chloride or cuprous bromide.

+ —
NH, NaNO, + HX N.X
273278 K

Benzene diazonium
halide

+ —
N,X X
@’ Cu,X, @ + N,

Preparation of aryl halidéesshr ough Sandmeyer 6s reac

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

Grignard reagents

Grignard reagentsare formed by thesaction of magnesium metal with alkyl or alkenyl
halides. They're extremely good nucleophiles, reacting with electrophiles such as carbonyl
compounds (aldehydes, ketones, esters, carbon dioxide, etc) and epoxides.
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A Grignard reagent has a formula RMgX where 4 lsalogen, and R is an alkyl or aryl (based on

a benzene ring) group. For the purposes of this page, we shall take R to be an alkyl group (e.g.
CHsCH>MgBr). Grignardreagents are made by adding [theé to small bits of
magnesium in a flask containieghoxyethan¢commonly called diethyl ether or just "ether"). The
flask is fitted with a reflux condenser, and the mixture is warowed a water bath for 2030
minutes.

ethoxyethane
CHsCH2Br + Mg P CH3CHaMgBr

Everything must be perfectly dry because Grignard reagents react withAvateeactions using
theGrignardreagent are carried out with the mixture produced from this reaction; you cannot
separate it out in anyay. Any excess Grignamagent must be before disposal.

Reactions of Grignard reagents with aldehydes and ketones

These are reactions of the carbmtygen double bond, and so aldehydes and ketones react in
exactly the same wayall that changes athe groups that happen to be attached to the carbon
oxygen double bond. It is much easier to understand what is going on by looking closely at the
general case (using "R" groups rather than specific grewgpg) then slotting in the various real
groups asand when you need to. The "R" groups can be either hydrogen or alkyl in any
combination.

In the first stage, the Grignard reagent adds across the eaxipgan double bond:

Va )
CH3CHzMgBr + R—C\\ ——m»  CH3CHz-C - O-MgBr
. !

Dilute acid is then added to this to hydrolyze it.

R R
| H30* |
CH3CH2—-C — O-MgBr + Hz0 ——# CH3CH2-C —OH + Mg(OH)Br

R R
An alcohol is formed. Onef the key uses of Grignard reagents is the ability to make complicated
alcohols easily. What sort of alcohol you get depends on the carbonyl compound you started with
- in other words, what R and R’ are.

Reference page/site
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https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Alkyl_Halides/Properties_of_Alkyl_Halides/Haloalkanes
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Alkyl_Halides/Properties_of_Alkyl_Halides/Haloalkanes
https://chem.libretexts.org/Bookshelves/Ancillary_Materials/Demos%2C_Techniques%2C_and_Experiments/General_Lab_Techniques/Quenching_reactions/Quenching_Reactions%3A_Grignards

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental Modulagiafic Chemist
ry)/Aldehydes _and Ketones/Reactivity of Aldehydes and Ketones/Reactions with Grignard Reagent
s

Amines

Introduction to Amine$ Compounds Containing Nitrogen

Amines are one of the most important classes of organic compounds which can dx \atban
we replace one or more hydrogen atoms of ammonia molecules with an alkyl group.

What are Amines

An amine is generally a functional group with a nitrogen atom having a lone pair. Amines
resemble ammonia structurally where nitrogen can bond upydr®dgen atoms. It is also
characterized by various properties that are based on carbon connectivity.

Compounds of nitrogen connected to a carbonyl group are called as amides, they have a
structure RCOINRNjRnj and varies in properties with

@evus
METHYLAMINE CH,NH, TRIMETHYLAMINE (CH,),N
ETHYLAMINE C,H;NH, ANILINE NH,
I.':ZH\5
DIETHYLAMINE BENZYLAMINE
N—H
CH,NH,
/
C,Hs

Amines are organic compounds that contain nitrogen atoms with a lone pair. Basically, they are
derived from ammonia (NH3) in which one or more hydrogen atom is replaced by an alkyl or
aryl group and so they are known as alkyl amines and aryl amines neslgect

Amine Structure

Nitrogen has 5 valence electrons and so is trivalent with a lone pair. ASperR theory
nitrogen present in amines is sp3 hybridized and due to the presence of lone gairamidal
in shape instead of tetrahedral shape which is a general structure for most sp3 hybridized
molecules. Each of the three sp3 hybridized orbitals of nitrogen overlap with orbitals of
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https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Aldehydes_and_Ketones/Reactivity_of_Aldehydes_and_Ketones/Reactions_with_Grignard_Reagents
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Aldehydes_and_Ketones/Reactivity_of_Aldehydes_and_Ketones/Reactions_with_Grignard_Reagents
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Aldehydes_and_Ketones/Reactivity_of_Aldehydes_and_Ketones/Reactions_with_Grignard_Reagents
https://byjus.com/jee/vsepr-theory/

hydrogen or carbon depending upon the configuration of aminestdthe presence of lone
pair, the GN-H angle in amines is less than 109 degrees which is a characteristic angle of
tetrahedral geometry. The angle of amines is near about 108 degrees.

@Bevwys

Occurrence of Amines

Naturally, amines occur in proteins, vitamihsymones, etc. and they are also prepared
synthetically to make polymers, drugs, and dyes.

Uses of Amines

Amines have widespread application in our daily lives. Some ofstiweof amineare liged
below:

T Itis used in water purification, medicine manufacturing and development of insecticides and
pesticides.

T ltisinvolved in the production of amino acids which is the building block of proteins in living
beings. Many different varieties of vitans are also made by amines.

f Serotonin is an important amine that functions as one of the primary neurotransmitters. It
controls the feelings of hunger and is critical for the speed with which the brain operates in
general.

1 Pain relieving medicines suchsrphine and Demerol which are also known as analgesics are
made from amines.
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Types of Amines

On the basis of how the hydrogen atoms are replaced by an ammonia molecule, amines can be
divided into 4 types.
@ewus

H N H R—§~n K \ R R =N=R'
|
“ v
NH, ~NH, CH;~NH~CH, ~N—CH,

AMMONIA PRIMARY AMINE | SECONDARY AMINE  TERTIARY AMINE

1. Primary Amines

When one of théydrogen atoms of the ammonia molecule is replaced by an alkyl or aryl

group.
Eg: Methylamine CENH,, Aniline CGH\NH,

2. Secondary Amines

Two organic substituents replace the hydrogen atoms of the ammonia molecule forming
an amine.
Eg: Dimethylamine (CE)2NH, Diphenylamine(C,Hs).NH

3. Tertiary Amines

When all 3 of the hydrogen atoms are replaced by an organic substituent, it could be an
aryl or aromatic group.
Eg: Trimethylamine N(CH, Ethylenediaminetetraacetic acid (EDTA)

4. Cyclic Amines

These are secondany tertiary amines in an aromatic ring structure. Eg: Piperidine
(CH,):NH, Aziridines GH:N.
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Basicity of Amines

Similar to ammonia, primary & secondary amines have protic hydrogens and thus they showcase
a degree of acidity. Whereas teritary amines mavprotic hydrogen and thus do not possess a
degree of acidity.

pK. value for primary & secondary amines is about 38, which makes them a really week acid.
Whereas if we take the pKt is about 4. This makes the amines much more basic than acidic.
Thus @ aqueous solutions of an amine strongly alkaline.

Preparation of Amines

Some of the processes for preparing primary amines are mentioned below.

Preparation of Primary Amines

Making of amines from halogen alkanes

This process will be carried out irsaaled tube. Here halogenoalkanes will be heated with the
concentrated solution of ammonia in ethanol. The mixture cannot be heated under the reflux as
ammonia would move out in the form of gas from a container.

CHsCHa2Br + HMHjg —m»  CHzCHaMHg* Br

Now coming to the preparation pfimary amine from halogen alkanes the reaction takes place
in two stages. Salt will be formed at the first stage. Here ethyl ammonium bromide is the salt. It
is similar to ammonium bromide expect the fact that one of the hydrogens in the ammonium
atom isreplaced by an ethyl group.

CHzCHaMHs* Br~ + MH3 — CH3zCHaMH:  + MHa* Br

———————

A reverse reaction can occur between ammonia and the salt. It is illustrated in the above reaction

Reduction of nitriles

We can get primary amines when nitriles are reduced with lithium aluminum hydride. This
method is mainlysed for the preparation of amines which contains one carbon atom more than
the starting amine.

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

Student s Assessment
Give the reaction of alkyldlide with methanol, Aldehyde & Propanone.

Identify the general structure for an amine.
Identify the functional group for amines.
Determine the structural feature that classifies amines as primary, secondary, or tertiary.

> > > >
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A Draw the structure for eadompound and classify.

o ethylisopropylamine
o diethylpropylamine
A Draw the structure fgp-ethylaniline and classify.
A Prepare tertiary alcohol from Grignardos
Reference page/site
https://chem.libretexts.org/Bookshelves/Introductory Chemistry/Book%3A The Basics of GOB_ Chem
istry (Ball_et_al.)/15%3A Organic_Acids_and_Bases_and_Some_of Their_Derivatives/15.10%3A Amin
es - Structures_and Names#:.~:text=Amifeare%20classified%20according%?20to,1).

PRACTICAL # 03
U Quantitative analysis of alkyl halide sample as CFC gas in refrigerétiens)

p G — X
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https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/15%3A_Organic_Acids_and_Bases_and_Some_of_Their_Derivatives/15.10%3A_Amines_-_Structures_and_Names#:~:text=Amines%20are%20classified%20according%20to,1).
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/15%3A_Organic_Acids_and_Bases_and_Some_of_Their_Derivatives/15.10%3A_Amines_-_Structures_and_Names#:~:text=Amines%20are%20classified%20according%20to,1).
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/15%3A_Organic_Acids_and_Bases_and_Some_of_Their_Derivatives/15.10%3A_Amines_-_Structures_and_Names#:~:text=Amines%20are%20classified%20according%20to,1).

CHAPTER #4
ARALCOHOLS, PHENOLS & ETHER ©

Icohols, Phenol:
and Ethers

INTRODUCTION
CHAPTER CONTENT
Alcohols Phenols Ethers

1 Nomenclature 1 Nomenclature 1 Nomenclature

1 Physical & chemical 1 Physical & chemical 1 Physical & chemical
properties properties properties

9 Structure of alcohol & its 9 Structureof phenol& its 1 Structureof ether&
derivative. derivative. its derivative.

i Preparation of alcohol. 1 Preparation ophenol 1 Preparation oéther

1 Chemical reactivity 1 Chemical reactivity 1 Chemical reactivity
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Major concepts.
U Alcohol
U Phenols
U Ethers

Conceptuallinkage
U Functional groups

LEARNING OUTCOMES
| Studentswillbeableto | Analyzing [ Applying | Understanding |

1 Explain nomenclature, structure and
acidity of alcohols as exemplified by
ethanol.

Z

91 Describe the preparation of alcohols b
reduction of aldehydes, ketones,
carboxylic acids and esters.

Z

1 Explain reactivity of alcohols.

Z

91 Describe the chemistry of alcohols by
preparation of ethers and esters,
oxidative cleavage of 1-@iols.

Z

9 Discuss thiols (RSH).

Z

1 Explain the nomenclature, structure at N
acidity of phenols.

9 Describe the preparation of phenol fro
benzene sulphonic acid, chlorobenzer
acidic oxidation of cumene and
hydrolysis of diazonium salts.

Z

9 Discuss the reactivity of phenol and
their chemistry by electrophilic aromat
substitution, reaction with Na metal an
oxidation.

Z

i Differentiate between alcohol and
phenol.

Z

1 Describe isomerism in alcohols and N
phenols. -
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1 Identify ethers frontheir formula.

Z

1 Identify alcohol using appropriate N
laboratory test. -
1 Identify alcohol using appropriate N
laboratory test. -
1 Determine the boiling point of N
alcohol & phenols b

Society, Technology & Sience

Students will be able to
U Explain the rule of disinfectant in hygiene.(Analyzing)
U Differentiate between disinfectantsaatiseptic.(Understanding)
U Recognize that ethers are used in anesthasiayzing

Related videos
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https://www.youtube.com/watch?v=qbYXVztddJs
https://www.youtube.com/watch?v=j9nF2PncGyQ
https://www.youtube.com/watch?v=2qjXUQAwsUY
https://www.youtube.com/watch?v=TXJ0ffXyLq0
https://www.youtube.com/watch?v=Ef2GTQ2Uc0M
https://www.youtube.com/watch?v=eFslyGrIhBE

(THEORY)

Types of Alcohols

What is Alcohol?

Alcohols are those organcompounds which are characterized by the presence of one, two or
morehydr oxy !l g that ar@aitactied t®tHe carbon atom in an alkyl group or
hydrocarbon chain.

Main Types of Alcohols

Alcohols are differentiated based upon the presence of hydymyp attached. The location of
this hydroxyl group as well will change the physical and chemical properties of any alcohol.

There are three types of alcohol. Alcohols are classifiguliamry, secondary or tertiary
alcohols.

TYPES OF ALCOHOLS

_C-OH |-¢c-c-c-| ,7C
| ] OH _(?_(?_(l:_

OH
Primary | Secondary | Tertiary

Types of Alcohols i Primary, Secondary & Tertiary Alcohols

Let us study in brief about the types of alcohols.

1. Primary Alcohols

Primary alcohols are those alcohols where the carbon atom of the hydroxyl group(OH) is
attached to only one single alkyl group. Some of the elesgd these primary alcohols include
Methanol (, propanol, ethanol, etc. The complexity of this alkyl chain is unrelated to the
classification of any alcohol considered as primary. The existence of only one linkageiamong
OH group and an alkyl group artktthing that qualifies any alcohol as a primary.
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CH3-CH2-0OH CH3-CHz-CH2-0OH CH3-CH-CH2-0OH
I
CH;
ethanol propan-1-ol 2-methylpropan-1-al

Primary Alcohols Examples

2. Secondary Alcohols

Secondary alcohols are those where the carbon atom of the hydroxyl group is attached to two
alkyl groups on either side. The two alkyl groups presentimeeither structurally identical or
even different. Some of the examples of secondary alcohols are given below

T v v
CH3-CH-CH3 CH3CH-CHz-CH3 CH3-CHz-CH-CHz-CH3
propan-2-ol butan-2-ol pentan-3-ol

Secondary Alcohdl Examples

3. Tertiary Alcohols

Tertiary alcohols are those which feature hydroxyl group attached to the carbon atom which is
connected to-3alkyl groups. The physical properties of these alcohols mainly depend on their
structure. The presence of thi3H group allows the alcohols ingtiormation of hydrogen

bonds with their neighbouring atoms. The bonds formed are weak, and this bond makes the
boiling points of alcohols higher than its alkanes. The examples of tertiary alcohols-include

oH oH
| I
CHz-G-CHx CHz-CH2-C-CHs
I
CHx éHg
2-methylpmpan-2-ol 2-methylbutan-2-ol

Tertiary Alcoholi Examples

Uses of Alcohols

There are several uses of alcohols. Some are listed below.

1 Alcohols are consumed asveragesvhere the alcohols specifically consist 48
percent of ethanol by volume.

1 These are used as anti-freezing agentith a mix of a solutiortontaining ethylene
glycol dissolved in water.
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Alcohol ethanol is used as antiseptic agent

Some of the alcohols are used@ssin the internal combustion engines like the
methanol.

1 In the field of medicine, few of them are usegesservativesor the specimens in
laboratories.
IUPAC Nomenclature for Alcohols

The following procedure should be followed in giving alcohol IUPAC substitutive names.

1. Select the longest continuous chain to which the hydroxyl group is directly attached.
Change the name tie alkane corresponding to the chain by dropping the-&nahd
adding the suffixol.

2. Number the longest continuous carbon chain so as to give the carbon atom bearing the

hydroxyl group the lower number. Indicate the position of the hydroxyl grougibyg u
this number as a locant.

3. Indicate the position of another substituent as a prefix by using the numbers
corresponding to their positions along the carbon chain as locants.

The following example shows how the rules are applied.

3 1 1 3 5 3 1
~2 ~—2 4 — 2
N OH > T e OH
OH
1-Propanol 2-Butanol 4-Methyl-1-pentanol
or 4-methyipentan-1-ol
(not 2-methyl-5S-pentanol)

1 3 3
Cl_ _“~._ __OH T
3 i OH
3-Chiloro-1-propanol 4. 49-Dimethyl-2-pentanol
or 3-chloropropan-1-ol or 4 4-dimethylpentan-2-ol

IUPAC Nomenclature for Alcohols

Types of Nomenclature in Alcohols
There are three systems of naming alcohols
1. Common or trivial system

2. Carbonyl system and
3. IUPAC system
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Parent Common Carbinol

Formula IUPAC name
Hydrocarbon name name
CH=-0OH Methane Methyl Carbinol Methanol
alcohol
CHs-CH2-0OH Ethane Ethyl alcohol Me‘.hf"' Ethanal
carbinol
CHs- Isopropyl Dimethyl i
CH(OH)-CHs Propane alcohol carbinol 2-Propanol
(CHs)s-C-OH 2-Methyl Tert-butyl Trimgthyl 2-Methyl-2-
propane alcohol carbinol propanol

Preparation of Alcohols

General Methods of Preparation of Alcohols

1. Hydrolysis of Halides

Alkyl halides when boiled with an aqueous solution of an alkali hydroxide give alcohol
throughnucleophilic substitutiomechanism.

R-X + K OHOHY+ KR

This general procedure produces primarg aecondary alcohols. Glycerol can be synthesized
from propylene by a series of reactions including the hydrolysis of a halide as one step in the
process.

2. Hydration of Alkanes

Direct hydration takes place by adding water in the presence of a catalyst.

CH;

I HE & —H®
CH3—C=CH; + HO0——— (CH3)3C—0H; ——— (CHg)—C—0OH
2-Mathylpropene 2-Methylpropane—2-ol

Indirect hydration is achieved by the addition of sulphuric acid to alkane followed by hydrolysis
of the alkyl hydrogen sulfate.
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CH;=CHz + H3804 —  GH3GH,0S0,0H — 2 CHyCH,OH
Ethena Ethanol

3. Hydroformylation of Alkenes

Lower molecular weight olefins react with carbon monoxide and hydrogen in the presence of a
catalyst in a reaction called hydroformylation or the oxo reaction.

The resulting aldehyde is subsequently hydrogenated to form an alcohol.

I O
~Cc=0C7 +CO +Hy-=28a", ﬁcH—-?—cfiH

Alkena Aldehyde

~ L =° ~ '
- GH—?—’G - H+ Hy ———» - CH —?—GHEGH
Alcamol

Hydroformylation of Alkenes

4. Hydroboration of Alkenes

Alkenes, when treated with diboramgve alkyl boranes, R3B. Alkylboranes on oxidation with
alkaline hydrogen peroxide give alcohol.

6CH, =CH, — 21202 3 5(oH,CH,),B —2220 5, 6 CHLCHLOH

Ethene Triethyl borane Ethanol

BH —
BCHCH=CH, =312, 2(CH,CH,CHo)sB  H2020H oo 1y cH,0H
Propens Tri-r-propylborane 1-Propanol

Hydroboration of Alkenes
It is significant to note that this method always leadsteM a r k o v raddition\ofiwater to

alkenes.

5. Grignard Synthesis

All three types of alcohol (primary, secondary and tertiary) can be prepared from the Grignard
reagents by interactn with suitable carbonyl compounds.
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R' ~ R R’
A—MgX + @ C=0- A> c—oMgx 123 R > C—OH + Mg(OHX
reagant Ketone Alcohol

Grignard Synthesis
The reaction of the Grignard reagent with formaldehyde leads to primary alcohols, that with

aldehydes other than formaldehyde yield secondary alcohols and that with ketones give tertiary
alcohols.

Chemical Properties of Alcohols

Alcohols exhibit a wide range of spontaneous chemical reactions due to the cleavage Of the C
bond and GH bond. Some prominent chemical reactions of alcohols are:

1. Oxidation of Alcohol

T Alcohols undergo oxidation ithe presence of an oxidizing agent to produce aldehydes
and ketones which upon further oxidation give carboxylic acids.

[O] Q _+HO QH O] s
R-CH,0H R-C, R-C-OH ~C,
H -H,0 H OH
primary alcohol aldehyde aldehyde hydrate carboxylic acid

Alcohols: Physical and Chemical Properties
2. Dehydration of Alcohol

T Upon treatment with protiacids, alcohols undergo dehydration (removal of a molecule
of water) to form alkenefehydration of alcohol

H;C H- CH
CHyCHan ! H' o /.
3 2 — OH e CH3CH= + CH:;CHQ_%

}: Acid catalysis H CH
H3;C major product 3 3
Alcohol

Alkene mixture
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Dehydration Mechanism Steps

If either RaneyNi, Al(i-ORr)3, or alumina arabsent from the catalytic mixture, secondary
alcohol dehydrogenation reaction to ketones does not occur. When theNasesybstituted
with other Ni(ll) salts I e. NiCI2) or complexes | e. Ni(PPh3)2ClI2), no reaction is noted.

Dehydration of alcohols flows a threestep mechanism.
1. Formation of protonated alcohol
2. Formation of carbocation
3. Formation of alkenes

General dehydration reaction of alcohols can be seen as,

H,C /CHS /CHz
CH,CH,~C —OH—"— CH,C=C  +CHCH,— c:/
/ Acid catalyst Major product \
H,C CH, CH,
Alcohol Alkane mixture

Dehydration Reaction

Mechanism of Dehydration of Alcohols:

Dehydration of alcoholscan follow E1 or E2 mechanism. For primary alcohols, the elimination
reaction follows E2 mechanism while for secondary and tertiary alcohol elimination reaction
follows E1 mechanism.

Generally, it follows dhree-step mechanismThe steps involvedre explained below.

1. Formation of protonated alcohol:

In this step, the alcohol is acted upon by a protic acid. Due to the lone pairs present on oxygen
atom it acts as laewis baseProtonation of alcoholic oxygen takes place which makes it a better
leaving group. It is a reversible step which takes place very quickly.

H,C

%

H,C

H,C /H

— CH,CH,~¢ —0

J

CH,CH,~C —OH+H—-0 —»

CH,CH,~C —0OH+H-0

/

H,C

Alcohol

H

/

HC

2

N\
H

\ /
C

H H
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Formation of Protonated Alcohol

2. Carbocation formation:

In this step, the € bond breaks generating a carbocation. This step is the slowest step in the
mechanism of dehydration of an alcohol. Hence, the formation of the carbocation is considered
as the rateletermining step.

HC  H HC H H.C
\ +/ \ ,r"+/ 3\ -
CH,CH,~¢ 0 — CH,CH,~¢ —, —>CH,CH,—C
\ / N\ /
H,C H H,C H H,C
Alkyl Oxonium ion ' ' Carbocation

Carbocation Formation

3. Alkene formation:

This is the last step in the dehydration of alcohols. Here the proton generated is eliminated with
the help of a base. The carbon atom adjacent to the carbocation breaks the existingdXto
form C=C. Thus, aalkeneis formed.

H,C CH,
\ /
CH,CH, —¢* ——» CH,CH=C
/ \

H.C CH

3 3

Alkene Formation

Reference page/site

https://byjus.com/chemistry/typesof-
alcohols/#:~:text=Alcohols%20are%20those%20o0rganic%20aamigalky|%20group%200r%20hydroc
arbon%?20chain.

Phenol- C6H60

What is Phenol?
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Phenol is an aromatic compound. The chemical formula of this organic compound is
CsHqO.

It consists of a hydroxyl group and phenyl group attached to each other. It considessdilyes

in water. Earlier it was used as carbolic soap. It is mildly acidic and is corrosive to the respiratory
tract, eyes, and skin.

Phenol is a crystalline solid white in color and needs to be handled with care as it can cause
chemical burns. FriedleFerdinand Runge discovered Phenol in the year 1834. It was extracted
from coal tar. It is also known a$ienolic acidIf a compound is consisting of a sixxembered
aromatic ring and bonded tchgdroxyl group directly, then it can be referred to as phenol.

Natural Sources of Phenols

1 Phenol is a constituent of coal tar and is formed during the decomposition of organic
materials. Increased environmental levels of phenol may result from foresttfiras
been detected among the volatile components from liquid manure.

T Industrial sources of phenols and other related aromatics from a petroleum refinery,
petrochemicals, basic organic chemical manufacture, coal refining, pharmaceuticals,
tannery and dp, and paper mills.

Phenol Structuré CBHBO

PHENOI. STRUCTURE [§IBYJUSS

Tha Learning App

OH

Phenol Structure C6H50H

Nomenclature of Phenols

Phenols are organic compounds containing at least@deyroup directly attached to the
benzene ring. Depending upon the number of hydroxyl groups attached to the benzene ring,
phenols can be classified as monohydric, dihydric and trihydric phenols.
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1. Monohydric phenolsi The simplest member of the series is hydroxybenzene, commonly
known as phenol, while others are named substituted phenols. The three isomeric
hydroxyl toluenes are known as cresols.

2. Dihydric phenolsi The three isomeric dihydroxy benzenasnely catechol, resorcinol,
and quinol are better known by their common names.

3. Trihydric phenolsi Trihydroxy phenols are known by the common names called
pyrogallol, hydroxyquinol and phloroglucinol.

Synthesis of Phenols
Phenols can be synthesized byfilllowing methods.
1. From sulphonic acids (by alkali fusion of sodium benzene sulphonate)

The first commercial process for the synthesis of phenol. Sodium benzene sulphonate is fused
with sodium hydroxide at 573K to produce sodium phenoxide, which updifiation yields
phenol.

CeHsSONa + 2NaOH — 272K o ¢ H.ONa + Na,SO,+ H,0

Sodium Sodium phenoxide
benzenesulphonate

2CHONa + 2HC| ——» 2C H.OH + 2 NaCl
Sodium phenoxide Phenol

Synthesis of Phenols From Sulphonic Acids
2. From diazonium salts (by the hydrolysis of diazonium sait laboratory method)

When a diazonium salt solution is steam distilled or is added to boiling dil.LH2SO4, it forms
phenol.

+ — Warming
ArN.X + HO > Ar—OH + N, + HX
H.SO,
CeHgMNCl + HO A = CH;OH + N, + HCI
Benzenediazonium H,S0O, Phenol

chloride

Synthesis of Phenols From Diazonium Salts

Properties of Phendl CsHsO
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GH:.O Phenol

Molecular Weight/ Molar Mass 94.11 g/mol
Density 1.07 g/lcm3
Melting Point 40.5°C
Boiling Point 181.7 °C

Reactions of Phenols

A hydroxyl group is attached to an aromatic ring and it is strongly activating ortho/para director,
phenols possess considerable reactivity at their ortho and para carbons toward electrophilic
aromatic substitution.

1. Reactions of the Aromatic Ring

The-OH group in phenol is ortho and para directing because it increases electron density at ortho
and para positions due to resonance. Thus phenol undergoes electrophilic substitution reactions.

2. Halogenation

Like -NH, group,-OH group is so much activatingét it is rather difficult to prevent poly
substitution.

If it is required to arrest the reaction at the mono substitution stage, the reaction should be carried
out in nonpolar solvents like CChnd CSand at lower temperatures.

CsHsO Uses (Phenol)

It is used as a precursor in drugs

It is used as an antiseptic

It is used in the production of nylon

It is used to preserve vaccines

It is used in oral analgesics

Derivatives of phenol are used in beauty products like hair color and sunscreen
It is used in tl synthesis of plastics
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T Itis used to produce detergents and carbonates

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

What Are Ethers?

Ethers are a class of organic compounds derivesiin 't he Latin word Odaet
ignited. At r oo m-ptessunpetherare flamreable. m eéteer oxygengtbm
bonded to two same or different alkyl or aryl groups. The general formula of ether is given as R
O-R, RO-R 6 -O-ARor Ar-O-Ar where R represents an alkyl group and Ar represents an aryl

group.
Examples:

1.CHT Oi CH, (Dimethyl ether)

2. (CH).CHT OT1 CH(CH,). (Diisopropyl ether)
Cyclic ethers Such as

CH517 O7 CH; (Diphenyl ether)

0]

Tetrahydrofuran (THF)
o

8]

1,4 dioxane

Ethers can belassified into two broad categories based on the substituent group attached to its
oxygen atom: symmetrical ethers and asymmetrical ethers.

Symmetrical ethersare those ethers where two identical groups are attached to the oxygen atom
Example:
CH,7 CH,7 O1 CH,T CH, (Diethyl ether)

Asymmetrical ethersare those where two different groups are attached to the oxygen atom.
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Example:
CH,7 OT CH,T CH:(Ethyl methyl ether)

Their structure is similar to that of the structure of the alcohol. Interestihglgttuctures of

both ether and alcohol are similar to the structure of water molecules. This is because, in alcohol,
one hydrogen atom of a water molecule is replaced by an alkyl group and in case of ethers, both
hydrogen atoms of water molecules areaeet by alkyl or aryl group.

Note: Ether does not possess a hydroxyl group, unlike alcohols and phenols.

Nomenclature Of Ethers

Ethers are named simply by the names of two alkyl/aryl groups bonded to oxygen and add the

A

word Oet her 6. Tlstedcsirealplaabekicallordeg.r oups ar e
For examplet-butyl methyl ether, ethyl methyl ether

If only one alkyl/aryl group is shown in the name of a particular ether, it implies two identical
groups, as in ethyl ether for diethyl ether. Naming for ethers adopti&tPBAC uses a more
complex group as the root name, with the oxygen atom and the smaller group named as an
alkoxy substituent. Thus, in IUPAC systems, ethers are alkoxy alkanes.

Example: ethoxyethane (diethyl ether), methoxy ethane (methyl ethyl etmegha@xy-2-
methylpropane (methyl teldutyl ether), phenoxy benzene (diphenyl ether).

This IUPAC nomenclature is very useful for naming compounds with additional functional
groups because these functional groups can be described in the root name.

Rulesfor Naming The Ether Using IUPAC Name

Rule 1: Select the longest carbon chain as the base chain and give the base name.
Rule2.Change the name of the other hydrocarbon
Example: Methyl becomes methoagd ethyl becomes an ethoxy group.

Rule 3: Alkoxy name is placed with a locator number in front of the base chain name.

Example:

1. CHi O7 CH,7 CH,7 CH2i CH, (11 Methoxybutane)

2.CH,i CH(CH)1 CH,7 Oi CH,i CH; ( 1- EthoxyT 2- methylpromne)

Preparation Of Ethers

Ethers can be synthesized in a number of ways. Most common industrial methods for preparing
ethers are:
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Dehydration of Alcohols

Alcohol undergoes dehydration in the presence of protic acids (sulpltigiqphosphoric acid)
to produce alkenes and ethers under different conditions. The formation of the reaction product
depends on the reaction conditions.

For example, ethanol is dehydrated to ethene at 443K in the presence of sulphuric acid. On the
otherhand, ethanol yields ethoxyethane in the presence of sulphuric acid at 413K.

SOy > CH,=CH,
443 K
CH, CH,OFH ——>
HL, SO,
= H O -
413 K s -

The formation of ethers by dehydration of an alcohol is a nucleophilic bimolecular reaction. That
is, here the alcohol acts as a nucleophile which means it involves thecdttdodhol molecule
on a protonated alcohol as shown below

H
(i) CH,—CH, —O—H 4+ H° — COH,—CH SO

. e H .
(i) CH OCOH,— O+ CH —CH, — O II—:—-.'_:H.-::l i,— CH O CH, + H, O
H 4
(i) CH,CH,»0 — CH,CH,— CH,CH,~O—CH,CH, + H
| |

This method is used for the preparation of ethers having primary alkyl groups. To synthesize
ethers in this way, the alkyl group should be unhindered and must be kept at low temperature or
else he reaction will give rise to alkenes.

Williamson Synthesis

This is an important method for the preparation of symmetrical and asymmetrical ethers in
laboratories. In Williamson synthesis, an alkyl halide is made to react with sodium alkoxide
which leadsa the formation of ether.

Example:
CH 4 —, CH,

CHC-ONa + TS — CH;-0O-C-CH, + NaBr
: -t .
CH,, CH,
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This reaction involves an&attack of an alkoxide ion on an alkyl halide. We know that
alkoxides are very strong bases and they react steadily with alkyl halides and thus they take part
in elimination reactions.

In the case of primary alkyl halides, Williamson synthesis shows higher productivity.

Alkyl Halide With Dry Silver Oxide

When alkyl halide is treated with dry silver oxide, ether is produced
2CH.Br + AgOY CH.i Oi CH.+ 2AgBr

Physical Properties Of Ethers

Dimethyl ether and ethyl methyl ether are both gases at room temperature. Other lower
homologues are colourless, pleasant smelling, volatile liquids with a typical ether smell.

1) Dipole moment: C-O-C bond angle is not 180°jpble moments of the two-O bonds do not
cancel each other and thus ethers possess a small net dipole moment.

2) Boiling point: Boiling points of ether molecules are comparable to that of alkanes but they are
very low compared to that of alcohols of comgide molecular mass. This is because of the
presence of hydrogen bonding in alcohol.

3) Solubility: Ether molecules are soluble in water. This is because of the fact that like alcohol,
oxygen atoms of ether can also form hydrogen bonds with a wateruieolec

4) Polarity: Ether is less polar than esters, alcohols or amines because of oxygen atom unable to
participate in the in hydrogen bonding due to the presence of bulky alkyl group on both side of
the oxygen atombut ether is more polar than alkenes.

5) Hybridization: In Ether oxygen atom is spybridized with a bond angle of 109.5

Uses Of Ether

Dimethyl ether is used as a refrigerant and as a solvent at low temperature.

Diethyl ether is a common ingredient in anesthesia used in surgeries

Ether isused along with petrol as a motor fuel.

Diethyl ether is a common solvent for oils, gums, resins etc.

1 Phenyl ether can be used as a heat transfer medium because of its high boiling point.

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

f
f
f
f

St,udent 0sS assessment
A Why is GO-C bond in dimethyl ether 111.7°7?
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Alcohol has a higher boiling point than ethers of comparable molecular masses. Why?

Phenyl methyl ether reacts wiHI to form phenol and iodomethane and not iodobenzene

and methanol. Why?

A An ether A (GH120), when heated with excess of hot concentrated HI, produced two
alkylhalides which on hydrolysis forms compounds B and C. oxidation of B gives an acid
D whereas oxlation of C gave a ketone E. deduce the structures of A, B, C, D and E.

A Deduce the products of the following reactions:

(i) CH,-CH, - CH, - O — CH, + HBr —

OC.H,
(ii) ©/ + HBr —m——>
OC.H,
(iii) Conec. H,50,
Cone. HNO,

(ivi (CH,;),C-OC,H, " —

Write the reactions of Williamson synthesis eéthoxy-3-methyl pentane starting from
ethanol and 3nethylpentane2-ol.

What is phenol used for?

Is phenol acidic or basic and why?

What is catalytic dehydrogenation of alcohol?

How are alkenes prepared?

How do you convert alkanes to alkenes?

What is the process of hydrogenation?

What is hydrogenation and its digption?

> >

DD D

Reference page/site
https://byjus.com/chemistry/dehydratiorof-alcohols/
https://byjus.com/chemistry/phenol/
https://byjus.com/jee/ethers/

Lesson plan

https://www.lessonplanet.com/search?keywords=atms+and+phenols

PRACTICAL # 04
U Calculate the amount of alcohol in cough syiijew)
U Determination of alcohol in grapes samgew)
U Quantitative analysis of ether in cleaning detergghisw)
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CHAPTER # 5

ACARBONYL COMPOUNDSO

S —«— Partial negative charge

@
I

O == i iti
s Partial positive charge
// \

i Carbonyl-group carbon

INTRODUCTION

CHAPTER CONTENT

Aldehyde & Ketone

Carboxylic acid

1 Relative reactivity

Preparation of carboxylic acid

1 Reduction of aldehyde & ketones

Reaction of carboxylic acid

9 Oxidation reactions

Conversion of carboxylic aciderivative

1 Nucleophilic addition reaction

Reduction of alcohol

1 Ozonolysis

Decarboxylation reaction
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Major concepts.

u

i
i
i

Reaction of aldehyde, ketones and carboxylic acid.
Structure of aldehyde, ketones and carboxylic acid.
Nomenclature

Preparation of carbonglompound

Conceptual linkage
This unit is built on

i

Functional groups

LEARNING OUTCOMES

)l

Explain nomenclature and structure of
aldehydes and ketones.

Z

Discuss the preparation of aldehydes
and ketones by ozonolysis of alkenes,
hydration of alkynes, oxidation of
alcohols and Frieda! Craft's acylatioh
aromatics.

Z

Describe reactivity of aldehydes and
ketonesand their comparison.

Z

Describe acid and basatalyzed
nucleophilic addition reactions of N
aldehydes and ketones. ~

Discuss the chemistry of aldehydes af N
ketones by their reduction to
hydrocarbons, alcohols, by using carb
nucleophiles, nitrogen nucleophiles ar
oxygen rucleophiles.

Describe oxidation reactions of N
aldehydes and ketones.

Describe isomerism in aldehydes and
ketones

Z

Describe preparation of carboxylic acif
by carbonation of Grignard's Reagent,
hydrolysis of nitriles, oxidation of
primary alcohols, oxidation of
aldehydes and oxidation of alkyl
benzenes.

Z
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1 Discuss reactivity of carboxylic acids. N

91 Describe the chemistry of carboxylic N
acids by conversion to carboxylic acid
derivatives: acyl halides, acid
anhydrides, esters, amides and reactif
involving interconversion of these.

1 Describe reactions of carboxylic acid
derivatives.

Z

9 Describe isomerism in carboxylic acid

Z

1 Identify aldehyde & ketones using
appropriate laboratory test.

Z

1 Determine melting & boilingroint
of aldehyde and ketone in
laboratory.

1 Identify carboxylic acid by using
appropriate test.

Z

Z

1 Determine melting and boiling
point of carboxylic acid in
laboratory.

Z

Society,Technology & Sience

Students will be able to

A How explain oxidation & reduction alters the structure of organic
compound.(Understanding)

Explainthe need to limit exposure to formaldehy@gorsas used in adhesiye
varnish paints , foam isolation permanent prefsghing.(Applying)

Describe glucose & fructose as example of aldehyde & ketones.( understanding)
List carboxylic acid present in fruits , vegetable & other natural
products.(Applying)

Link different carboxylic acid with their characteristics taste. (Apmgy

Recognize carboxylic acid used as preservative in food and food product.

(Applying)

>

> >> >
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Related videos

CARBOXYLIC Carboxylic Acid

acIDS Compounds

Uses ofaldehyde Uses of carboxylic acid Uses of ketone

(THEORY)

Aldehydes and Ketones

Aldehydes and ketonescorporate a carbonyl functional group, C=0. These are organic
compounds with structure€E HO and RC(=0) R6 wher e-ciRtai@ingd RO
substituents respectively.

What are Aldehydes?

In aldehydes, the carbonyl group has one hydrogen datachad to it together with either a 2nd

hydrogen atom or a hydrogen group which may be an alkyl group or one contairingeae
ring.
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https://byjus.com/chemistry/benzene/
https://byjus.com/chemistry/benzene/
https://www.youtube.com/watch?v=vOb5HK_4EzE
https://www.youtube.com/watch?v=8Iv4YQGUmLM
https://www.youtube.com/watch?v=3YeXGpDdgZw
https://www.youtube.com/watch?v=ED9EU3FfzyU
https://www.youtube.com/watch?v=aRfr3pqYk-E
https://www.youtube.com/watch?v=ziauWxbnYkc
https://www.youtube.com/watch?v=SxRwBHEzzzU
https://www.youtube.com/watch?v=blX7R1Xo910
https://www.youtube.com/watch?v=rdiao1Vm1y8

Example:

O O O 0

' CHa-C/ CH3-CH»C  CH3-CHy»-CH-C'
H H H 5H3H
METHANAL ETHANAL PROPANAL 2-METHYLBUTANAL

Examples of Aldehydes
One can notice that all thebave the exact same end to the molecule. The only difference is the
complexity of the other attached group.

What are Ketones?

In ketones, the carbonyl group has 2 hydrocarbon groups attached to it. These can be either th
ones containing benzene rings tkyagroups. Ketone does not havealrogeratom attached to
the carbonyl group.

Example:
O 0 O
CH3-C’ CH3-C’ CH3-CHp-C
CH3 CH2-CH3s CHj-CH3
PROPANONE BUTANINE PENTAN-3-0ONE

Examples of Ketones
Propane is generally written as CH3COCHRB. pentanone, the carbonyl group could behia t
middle of the chain or next to the ehdiving either pentai3-one or pentai2-one.
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ALDEHYDES KETONES

jul
[ - T 5 . H=zC1
HSC_CHQ_CHQ'C; butanal : SQ\C:O propanone
4 3 2 1‘H butyraldehyde ! ; acetone
HacIS
=4
?H x;o 3-hydroxybutanal Q henvlath
HaC—CH-CH2-C p-hydroxybutyraldehyde CHg gc:t?pﬁenaunnoene
Y B o '
H or aldol methyl phenyl ketone
o
§ o
(2)-3-chloro-3-phenyl-2-propenal HaC o
ZBr
HaC 2

2-bromo-4,4-dimethylcyclohexanone

: 0
H i T CHs 2,2-dimethyl-1-phenylpropanone
p-hitrobhenzenecarbaldehyde i CHg t-butyl phenyl ketone
p-hitrobenzaldehyde HaC 3
o]

0 i
1 | CHz
H 2 2,2-dimethyl-1,3-cyclopentanedione
cig-2-ethylcyclopentanecarbaldehyde ' CHa

=Ms '
: O

! @]
i i tamedial : > .0
)J\/\)L pentanecia H 3 1(:4' 3-cyclobutyl-3-oxopropanal
H H 2 ‘H

glutaraldehyde

1
R ALDEHYDE : R" AND/ORR2=H

Tt KETONE : R AND R? = ALKYL OR ARYL

Uses of Aldehydes and Ketones

Formaldehydds the simplest aldehyde whereas acetone isrttadlest ketone. There are a number
of aldehydes and ketones which find application due to their chemical properties. A few uses of

Aldehydes and Ketones are listed below.

1. Uses of Aldehydes

1 Formaldehyde is a gas. With 40% solution in water, it formsB&bn which is used in
preserving biological specimens.
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T Formaldehyde is used in embalming, tanning, preparing glues and polymeric products, as
germicides, insecticides, and fungicides for plants. It is also used in drug testing and
photography.

T When reacte with phenol, formaldehyde forms Bakelite, which is used in plastics,
coatings, and adhesives.

Acetaldehyde is largely used for the production of acetic acid and pyridine derivatives.

Benzaldehyde is used in perfumes, cosmetic products, and dyes.dédstagrovide
almond flavour to food products and also used as a bee repellent.

2. Uses of Ketones

1  The most common ketone is acetone which is an excellent solvent for a number of
plastics and synthetic fibres.

In the household, acetone is used as a nail paint remover and paint thinner.
In medicine, it is used in chemical peeling and for acne treatments.

Methyl ethyl ketone IEK), chemically butanone, is a common solvent. It is used in the
production of textiles, varnishes, plastics, paint remover, paraffin wax, etc.

MEK is also used as a wng agent for plastics due to its dissolving properties.
Cyclohexanone is another important ketone which is primarily used in the production of

nylon.
Preparation of Ketones and Aldehydes

Aldehydes and Ketones are obtained from products of many reacBonmg reactions for the
synthetic preparation of Aldehyde and Ketone is mention below.

1.0XIDATION OF 1°& 2°ALCOHOLS : 3. HYDRATIUN OF J-\LKYNES
H i \
' CH;

OH  jones' reag. + acetone o i
(CrO3 in a0, Hy504) CHe 1. (CaHy3hsBH
E : dnsmmxlbnrane
2. FRIEDEL-CRAFTS ACYLATION ; CHg -‘ 2. H20z, NaOH cHa
o H a
NCI:, & E
“Theat com i 4. GLYCOL CLEAVAGE
E HlU.a CHO - C 3
o . uer[OAch COCH3
Q- H e, L o =
H Q ; 5. 0ZONOLYSIS OF ALKENES
- I HaC Hy CHO
' . Ogin CHaCl CH3
@)l\ D NEE;H 4—>p i ﬁ ; Znsd;:st -: H:D Qﬂ:'ﬁ
! HO

[s]
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Preparation of Aldehydes and Ketones
Stay tuned with BYJUO6S to | earn more about
physical and chemicairoperties.

Aldehyde Nomenclature rules

1. Aldehydes take their name from their parent alkane chains-€lileemoved from the end
and is replaced witkal.

2. The aldehyde funtional group is given the #1 numbering location and this number is not
included inthe name.

3. For the common name of aldehydes start with the common parent chain name and add the
suffix -aldehyde Substituent positions are shown with Greek letters.

4. When the-CHO functional group is attached to a ring the suifexrbaldehydes added,
and the carbon attached to that group is C1.

The IUPAC system names are given on top while the common name is given on the bottom
in parentheses.

0 )DL 0
H J\H HaC” "H \/\)J\H
methanal ethanal pentanal
(formaldehyde) (acetaldehyde) (valeraldehyde)
0
H P
/\-)J\ H H
Ci
2-chloropentanal butanal 3-methylbutanal
(a-chlorovaleraldehyde) (butyraldehyde) (isovaleraldehyde)

Ketone Nomenclature rules

1. Ketones take their name from their parent alkane chainsefidiag-e is removed and
replaced withrone

2. The common name for ketones are simplyghlestituent groups listed alphabetically
+ ketone

3. Some common ketones are known by their generic names. Such as the fact
thatpropanonas commonly referred to agebne
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The IUPAC system names are given on top while the common name is given on the bottom
in parentheses.

(o] (o]
(o]
/U\ CH3
H,C CHg,

propanone acetophenone benzophenone
(acetone) (methyl phenyl ketone) (diphenyl ketone)

2-pentanone 3-methyl-2-butanone 3-hexanone
(methyl propyl ketone) (methyl isopropyl ketone) (ethyl propyl ketone)

Reference page/site
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental Modulesaf@rgChemist
ry)/Aldehydes and Ketones/Nomenclature of Aldehydes and Ketones
https://byjus.com/chemistry/aldehyde&etones/

Reactivity of Aldehyde & Ketones

Aldehydesare typically morgeactive thanketonesdue to the following factors. ... The
carbonyl carbon imldehydesgenerally has more partial positive charge thakebmonesdue to
the electrordonating nature of alkyl group&ldehydesonly have one elonor group

while ketoneshave two.

Oxidation of Aldehydes & Ketones

The presence of that hydrogen atom makes aldehydes very easy to oxidize. Or, put another way
they are strong reducing agents. The most common reagent for this conversiofirsagu@ous
acid. Thisreaction generally gives good yields at room temperature.

O . O
H, H €103 H;0 W H |
%JCKCEC\CECEH :"’ %Cfc\cfcxtfcxm
H M Acstone, 07C Hy  H

Unfortunately, the acid condition for the previous reaction can cause unwanted side reaction. If
this problem occurs it can be rectified by using a solution of sliver oxidg) Aig aqueous
ammoria, also called Tollens' reagent.
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https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Aldehydes_and_Ketones/Nomenclature_of_Aldehydes_and_Ketones
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Aldehydes_and_Ketones/Nomenclature_of_Aldehydes_and_Ketones
https://byjus.com/chemistry/aldehydes-ketones/

o] O
Hz Hz || Ag0 H; H; |
C C C C C C + Ag
Hacf‘ R T Hracf* o e oM
Ho Ho NH,OH., H,0 H, H,

Because ketones do not have that particular hydrogen atom, they are resistant to oxidation, an
only very strong oxidizing agents like potassium manganate(VIl) solution (potassium
permanganate solution) oxidize ketonelwever, they do it in a destructive way, breaking
carboncarbon bonds and forming two carboxylic acids.

H,C—C NaOH Jr' 002
o v > HO.
2 ¢—Co
\Gf’f 2) H30+ H, d

Hy

Reference page/site
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry (McMurry)/
19%8A _ Aldehydes and Ketones

Nucleophilic_Addition Reactions/19.04%3A Oxidation of Aldehydes and Ketones#:.~:text=have%?20t
hat%20hydrogen.
,Oxidation%200f%20Aldehydes,aldehydes%20very%20easy%20t0%20oxidize.&text=Because%20ketong
$%20d0%20n0t%20have,potassium%@panganate%20solution)%200xidize%20ketones.

Isomerism in Aldehydes and Ketones
CHAIN ISOMERISM IN ALDEHYDES AND KETONES - DEFINITION

Aldehydes containing 4 or more carbons and ketones containing 5 or more carbons can exhibit chain
isomerism.
Example:.CH3LCH2LCH2LCHO and (CH3)2LCHLCHO are chain isomers.

POSITION ISOMERISM IN ALDEHYDES AND KETONES - DEFINITION
Aromatic aldehydes and ketones having 5 or more carbon atoms can exhibit position isomerism.
Example: CH31 CH2I COi CH2I CH3 andCH31 COi CH2i CH21 CH3 are position isomers.

FUNCTIONAL ISOMERISM IN ALDEHYDES AND KETONES - DEFINITION

Aldehydes, ketones, unsaturated alcohols oxiranes and oxolanes, all have the same structural
formula,CnH2nO. Thus, they can exhibit functineslomerism.
Examples: CH31 CH2i CHO s an aldehyde whil€H3i COi CH3 is a ketone.

Reference page/site
https://www.toppr.com/content/concept/isomerismn-aldehydesand-ketones257547/
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https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(McMurry)/19%3A_Aldehydes_and_Ketones-_Nucleophilic_Addition_Reactions/19.04%3A_Oxidation_of_Aldehydes_and_Ketones#:~:text=have%20that%20hydrogen.-,Oxidation%20of%20Aldehydes,aldehydes%20very%20easy%20to%20oxidize.&text=Because%20ketones%20do%20not%20have,potassium%20permanganate%20solution)%20oxidize%20ketones.
https://www.toppr.com/content/concept/isomerism-in-aldehydes-and-ketones-257547/

Carboxylic Acid

Table of Content
Use!

What is Carboxylic Acid?

A Carboxylic Acid is an organic compound containing a carboxyl functional group. They occur
widely in nature and are also synthetically manufactured by humans. Upon deprotonation,
caboxylic acids yield aarboxylate anion with the general formula4&£00, which can form a
variety of useful salts such as soaps.

Carboxylic Acid Structure

Thegeneral formula of a carboxylic acid is ' OOH, were COOH refers to the carboxyl group,

and R réers to the rest of the molecule to which this group is attached. In this carboxyl group,
there exists a carbon which shares a double bond with an oxygen atom and a single bond with &
hydroxyl group.

The general structure of a carboxylic acid is illustdielow.

T
C
R™ “OH

General Structure of Carboxylic Acid

Nomenclature of Carboxylic Acids

Generally, these organic compounds are referred to by their trivial names, which contain the suffix
fi ¢ aci do. Anvial@ame fompalcaboxylic acal iscetic acid (CHCOOH). In the
IUPAC nomenclature of these compounds, the siifiixi _c & assighed.

The guidelines that must be followed in the IUPAC nomenclature of carboxylic acids are listed
below.

T The suffix fAeo Iin th&amamesofrephacedr we $jho

1 When the aliphatic chain contains only one carboxyl group, the carboxylic carbon is always
numbered one. For example, §&HDOH is named as ethanoic acid.
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Carboxylic Acid Examples

Some examples describing the nomenclature of carboxylic acids as per IUPAC guidelines are provided

below.
Trivial Name and Formula IUPAC Name of the Carboxylic Acid
Formic aciggHCOOH Methanoic acid
Crotonic acid, C@H=CHCOOH But-2-enoic acid
Carbonic acid, OgOO0H Carbonic acid
Butyric acid, C¥CH).COOH Butanoic acid

Properties of Carboxylic Acids

Mostof the properties of carboxylic acids are a result of the presencefrtinexyl groupSome
of the physical and chemical properties of these compounds are discusseduhgaidion.

1. Physical Properties of Carboxylic Acids

1

When the aliphatic chain contains more than one carboxyl groupotdlentimber of
carbon atoms is counted and the number of carboxyl groups is represented by Greek
numer al pr ef-0,x dt retach as Adi

A carboxylic acid is named by adding these prefixes and suffixes to the parent alkyl chain.
Arabic numerals are ed for indicating the positions of the carboxyl group.

The name ficarboxylic acido or Acarboxyo
on a carbon chain. An example of such nomenclature is the naamb@yfuran for the
compound ZFuroicacid.

Carboxylic acid molecules are polar due to the presence of two electronegative oxygen
atoms.

They also participate in hydrogen bonding due to the presence of the carbonyl group (C=0)
and thehydroxyl group.

1 When placed in nonpolar solvents, these compoundsdomars via hydrogen
bondingbetween the hydroxyl group of one carboxylic acid and the carbonyl group of
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the other.

O—H----O

R )R
O---—-H-O

T The solubility of compounds containing the carboxyl functional growygater depends on
the size of the compound. The smaller the compound (the shorter the R group), the higher
the solubility.

The boiling point of a carboxylic acid is generally higher than that of water.

These compounds have the ability to donate prosamusare thereforBronstedLowry
acids.

1 They generally have a strong sour smell. However, their esters have pleasant odors and ar
therefore used in perfumes.

2. Chemical Propertiesof Carboxylic Acids

1 TheU-carbon belonging to a carboxylic acid can easih halogenated via theell-
Volhard-Zelinsky reaction

These compounds can be converted into amines using the Schmidt reaction.

A carboxylic acid can be reduced to aleohol by treating it with hydrogen to cause a
hydrogenation reaction.

T Upon reaction with alcohols, these compounds yield esters.

Uses of Carboxylic Acids

T Fatty acids that are essential to human beings are made up of carboxylic acids. Examples
include omeg#® andomega3 fatty acids

Higher fatty acids are also used in thanufacture of soaps

The production of soft drinks and many other food products involve the use of many
carbxylic acids.

The manufacture of rubber involves the use of acetic acidc@aglant.

Hexanedioic acid is used in theanufacture of nylor6,6.

Carboxylic acids have numerous applications in the rubber, textile, and leather industries.
Ethylenediaminetesracetic acid is a widely usetielating agent.

The synthesis of many drugs involves the use of these compounds. Therefore, carboxylic
acids are very important pharmaceuticals

1 The production of many polymers involves the use of compounds containicayr oyl
functional group.

=A =4 =4 4 =4
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There are various methods that can be used for thgreparation of Carboxylic acids.

By using primary Alcohols and Aldehyde. ...

From Alkylbenzenes. ...

From Nitriles and Amides. ...

By using Grignard Reagents. ...

By Acyl Halides and Anhydrides. ...

By using Esters.

Explain the isomerism exhibited by carboxylic acids.

Carboxylic acid can exhibit following types of isomerism:

Chain isomerisnY Chain isomerism is exhibited by the compounds which are made
up of two ormore carbon or other compounds with the same molecular formula but
different atomic arrangements, or branches.

E.g.- CHsl CH21 CH21 COOHt CHasi CHcHsl COOH

Functional isomerisnY In functional isomerism, the isomer is an isomer with a
different arrangement of atoms and also different functional groups.
E.g.- CHsi CH21 COOHz CHs1 COO CHs

Reference page/site
https://www.toppr.com/ask/question/explairthe-isomerismexhibitedby-carboxylicacids/
https://byjus.com/chemistry/carboxyli@cid-properties/

Student 0s assessment

A How are Aldehydes and Ketones Different?

Why are Aldehydes more Reactive towards Nucleophilic Substitutions than Ketones?
Why are the Boiling Points of Ketones Highlkan those of Aldehydes?
Please give the structure corresponding to each name:

butanal

2-hydroxycyclopentanone

2,3pentanedione

1,3-cyclohexanedione

Give the oxidation reaction of carboxylic acid.

Give simple chemical test of aldehyde & ketone.

Write any five derivative of carboxylic acid.

IO O O O BB

Reference page/site

https://chem.libretexts.org/Bookshelves/Organic  Chemistry/Supplemental Modules (Organic Chemist

ry)/Aldehydes and Ketones/Nomenclature of Aldehydes and Ketones

https://byjus.com/chemistry/aldehydeketones/
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Lesson plan.
https://www.lessonplanet.com/lessoplans/aldehydes/all
https://www.scribd.com/do¢134158440/LessoiPlanKetonesand-Aldehydesdocx

PRACTICAL # 05
U To check the quality of suMdp@r by Tol
U Determine the quantity of carboxylic acid in vinegatew)

) Com— ) Com— X
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Chapter # 6
Biochemistry

CH,OH

C—0, OH

I/H \I
I\OH H/l

HO C—C

proteins carbohydrates

H HHHAHKHHHH

Ou 1 i (S

D

O H HHHHHEHHH \v

" lipids nucleic acids
Introduction

Major Concepts
9 Carbohydrates
1 Proteins
1 Lipids
1 Minerals of Biological Significance
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Learning outcomes

9 Discuss the natural sources of Carbohydra "H
and classification based on structure. .

1 Enlist the role of various Carbohydrates in ”
health and diseases.

1 Identify the nutritional importance and their "H

role as energy storage
1 Explain the classification of protein on t ”
basis of structure and their functions.
1 Explain classification and Functions of "H
Lipids. .
1 Enlist sources and the role of Iron, Calcium "H
Phosphorous and Zinc in nutrition. .

1 know Calcium as a requirement for "H
coagulation .

1 Aknow how mil k prot ¢ "H
by lowering the pH usinemon juice .

Related video

Carbohydrates °*e
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https://www.youtube.com/embed/AUMJwjLXh1M?feature=oembed
https://www.youtube.com/embed/5BBYBRWzsLA?feature=oembed
https://www.youtube.com/embed/LeOUIXbFyqk?feature=oembed

Classification of carbohydrates Quickly ¢, cture of Proteins
5 understand STUDY OF THE STRUCTURE, COMPOSIT! ION
N E Monosaccharides @5 AND CHEMIC{'\\Illlli\ljjl?\lct;l'ls?(r;l_?E(::SSUBSTANCFS

H I oH Oligosaccharides b ) Pri:arv aHelix Bsheet Tertiary  Quaternary @ Biology ¥
HO—C —H ENE ), &y CHEMISTRY
! i e\ 2 @) BT EY: M TRY
iR Polysaccharides o ?@@ ;fz ,&ﬁ l BIOLOGY | ofja |CHEMISTRY
H—C —OH o2 = n: s ,@}
%, BIOCHEMIST

Carbohydrates classification.  Classification of proteins Importance of biochemistry

Chapter overview
What is Biochemistry?

The branch of science dealing with the study ofrelllife processes such as control and
coordination within a living organism is called Biochemistry.

It mainly deals with the study of the structure and functions of the biomolecules such as the
carbohydrategyroteins acids, lipids. Hence it is also called to as Molecular biology.

What do biochemistsdo?
A Provide new ideas and experiments to understand how life works
Support our understanding of health and disease
Contribute innovative information to the technology revolution
Work alongside chemists, physicists, healthcare professionals, policy makers, engineers
and many more professionals

> > >

Importance of Biochemistry

1 Biochemistry is essential to understand the foilfm concepts.

1 The chemical processes which transform diet into compounds that are characteristics of the
cells of a particular species.

1 The catalytic functions of enzymes.

i Utilizing the potential energy obtained from the oxidation of foodstuff consunretido
various energyequiring processes of the living cell.

1 The properties and structure of substances that constitute the framework of tissues and
cells.

1 To solve fundamental problems in medicine and biology.

What are Carbohydrates?

It is a group obrganic compounds occurring in living tissues and foods in the form of starch,
cellulose, and sugars. The ratio of oxygen and hydrogen in carbohydrates is the same as in
water i.e. 2:1. It typically breaks down in the animal body to release energy.

What is the GeneralFormula of Carbohydrates?
The general formula for carbohydrates igHzO)y.
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https://www.youtube.com/embed/PPJ7C3hcnPw?feature=oembed
https://www.youtube.com/embed/OeiPoHO2UUQ?feature=oembed
https://www.youtube.com/embed/D5RdWVBAN1c?feature=oembed

Definition of Carbohydrates in Chemistry

Chemically, carbohydrates are definedias pt i cal |y active pol yh

ketones or the compounds which prodween i t s of such type on h
The substance most people refer to as 0fAs
extracted either from sugar cane or beet

approximately three times sweet as maltose santimes sweet as lactos

Sources of Carbohydrates
We know carbohydrates are an i mportant part
carbohydrates are:

Potatoes
Maze
Milk
Popcorn
Bread

agrwnE

Types of Carbohydrates

Carbohydrates
Simple Complex
Monosacchandes Dlsacchandes Polysaccharides
Glucose Maltose Starches
Fructose Lactose Fibers
Galactose Sucrose Glycogen

Types of CarbohydratédsMonosaccharides, Disaccharides & polysaccharides
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The different types of carbohydrates can be classified on the basis of their behavior on
hydrolysis. They are mainly classified into three groups:

1. Monosaccharides
2. Disaccharides
3. Polysaccharides

1. Monosacchardes
Monosaccharide carbohydrates are those carbohydrates that cannot be hydrolyzed further to give
simpler units of polyhydroxyldehyde or ketondf a monosaccharide containsadehyde

group then it is called aldose and on the other hand, if it contains a keto group then it is called a
ketose.

Structure of Carbohydratesi Glucose
One of the most important monosaccharides is glucose. The two commonly used methods for the
preparabn of glucose are

1 From Sucrose:If sucrose is boiled with dilute acid in an alcoholic solution then we
obtain glucose and fructose.

T From Starch: We can obtain glucose by hydrolysis of starch and by boiling it with dilute
H>SOQy at 393K under elevated press.

Glucose is also called aldohexose and dextrose and is abundant on earth.

H\ééo
H—C—OH

HO—C—H
H—C—OH
H—C—OH
GCIZHZOH

Simple Carbohydraté Glucose

1 Glucose is named as D (g)ucose, D represents the configuration whereas (+) represents
thedextrorotatorynature of the molecule.

T The ringstructure of glucose can explain many properties of glucose which cannot be
figured by operchain structure.

1 The two cyclic structures differ in the configuration of the hydroxyl group at C1 called
anomeric carbon. Such | s aaeomsrs.i . e. U and
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T The cyclic structure is also called pyranose structure due to its analogy with pyran.
The cyclic structure of glucose is given below:

) CI:HO ' CHO
2 Hcl;_oH z HO—CH
3 HO—-CH 3 HO—éH
4 H(i‘,-—OH “ HC—OH
s Hci:-—oH s H?—OH
<« CHon < CHzOH
O Glucose 0 Mannose
OH OH OH OH
6 6 &
s -
a2 OH 5 o : o OH
a ' a ' . JOHHO\ , +COHHOY 1
> 2 3
el OH
OH OH OH OH OH OH
a- D Glucose # © Glucese a- D Mannose P O Macnose

Cyclic Structure of Carbohydraté<slucose

Structure of Carbohydratesi Fructose

It is an important ketohese. Thanolecular formula of fructose is €H1206 and contains
ketonicfunctional groupat carbon number 2 and has six carbon atoms in a straight
chain. The ring member of fructose is in anajag the compound Furan and is named as
furanose. The cyclic structure of fructose is shown below:

a-pD-fructofuranose

HOH,C th(l:HZOH HOH,C o CH,OH
CH,OH HO “=0) HO
=0 / OH
HO—+—H OH OH
H——OH 12 s CH,0H
O 2 CH,OH

=x B |
) HO Cipy =—= HO
BHHON HO 4 HO OH

p-fructose OH OH

a-p-fructopyranose

Carbohydrate ClassificatidnFructose
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Examples of Carbohydrates
Here are a few examples of where youdl !l fin

=A =/ =4 4 =

Dairy Products i Yogurt, Milk, Ice cream
Fruits T Fruit juice or Whole fruit

Grains 1 Cereal, Bread, Wheat, Rice
Legumesi Plantbased proteins, Beans
Starchy Vegetables Corn, Potatoes

. Disaccharides

On hydrolysis, disaccharides yield two molecules of eithesdnge or different
monosaccharides.

The two monosaccharide units are joined by oxide linkage which is formed by the loss of
water molecule and this linkage is called glycosidic linkage.

Sucrose is one of the most common disaccharides which on hydrolysssgljicose and
fructose.

Maltose and Lactose (also known as milk sugar) are the other two
importantdisaccharides

I n maltose,-Dghecesar andwo nU I|-Dxglutosesmich ared h e r
connected by oxide bond.

3. Polysaccharides

Polysaccharides contain long monosaccharide units joined together by glycosidic linkage.

Most of them act as food storage for e.g. Starch. Starch is the main storage
polysaccharide for plants.

ltisapol ymer of U gl ucose aAmyloseand Amymdedin. o f
Cellulose is also one of the polysaccharides that are mostly found in plants.

't I s c o-Drplomse dnitsgdinedby a glycosidic linkage between C1 of one
glucose unit ath C4 of the next glucose unit

Importance of carbohydrates

f
f

Carbohydrates are responsible for storing chemical enefgynin organisms

They are also an important constituent for supportied.iving organismsise
carbohydrateasaccessiblenergyto fuel cellularreactionsTheyarethe mostabundant
dietarysourceof energy(4kcal/gram)for all living beings.

Carbohydratealongwith beingthe chiefenergysourcejn manyanimals,areinstant
source®f energy.Glucoses brokendownby glycolysid K r e bydleto yield ATP.
Serveasenergystoresfuels,andmetabolicintermediateslt is storedasglycogenin
animalsandstarchin plants.
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https://microbenotes.com/glycolysis-steps-atp-generation-and-significance/
https://microbenotes.com/tca-cycle-citric-acid-cycle-or-krebs-cycle/

T Storedcarbohydrateactasanenergysourceinsteadof proteins.

1 Theyform structuralandprotectivecomponentslike in the cell wall of plantsand
microorganismsStructuralelementsn the cell walls of bacteria(peptidoglycaror
murein),plants(cellulose)andanimals(chitin).

1 Carbohydrateareintermediatesn the biosynthesiof fatsandproteins.

1 Carbohydratesaid in theregulationof nervetissueandis the energysourcefor the brain.

1 Carbohydrategetassociatedvith lipids andproteinsto form surfaceantigensreceptor
moleculesyitamins andantibiotics.

1 Formationof the structuralframeworkof RNA andDNA (ribonucleicacidand
deoxyribonuclei@cid).

1 Theyarelinked to manyproteinsandlipids. Suchlinked carbohydrateareimportantin
cell-cell communicatiorandin interactionsetweencellsandotherelementsn the
cellularenvironment.

What are proteins?

Proteins are complex, organic compounds composed of many amino acids linked together
through peptide bonds and crdsked between chains by sulfhydryl bonds, hydrogen bonds
andvan der Waals forces. There is a greater diversity of chemical composition in proteins than in
any other group of biologically active compounds. The proteins in the various animal and plant
cells confer on these tissues their biological specificity.

Classification of proteins

Proteins can be classified as:

(a) Simple proteins.on hydrolysis they yield only the amino acids and occasional
small carbohydrate compounds. Examples are: albumins, globulins, glutelins,
albuminoids, histones and protamines.

(b) Conjugated proteinsrhese are simple proteins combined with some-pestein material in
the body. Examples are: nucleoproteins, glycoproteins, phosphoproteins, haemoglobins and
lecithoproteins.

These are of following types:

NucleoproteinsCombinatiorof protein and nucleic acid

Mucoproteins:Combination of proteins and carbohydrates (>4%)
GlycoproteinsCombination of proteins and carbohydrates(<4%)

Chromoproteins: Combination of proteins and coloured pigments.

Lipoproteins: Combination of proteins and lipids.

Metalloprotein: Combination of proteins and metal ions.

PhosphoproteinCombination of proteins and phosphate group.

=4 =4 =8 -8 -8 -8 -9

(c) Derived proteins.These are proteins derived from simple or conjugated proteins by
physical or chemical means. Examples are: denatured proteins and peptides.
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Structure of protein

Due to diffeent rearrangement of amino acids, $trecture of proteins divides into four types:

1 Primary - the covalent linkages of the proteins

"HN

' Amino acid g-@ o Peptide bond .“
PRIMARY STRUCTURE “

1 Secondary the linear peptide chains fold either into an athblcal structure(coiled) or a
betapleated structure(sheets) which contaidrogerbonds

Secondary structure

|

Hydrogen bond

1 Tertiary - The arrangement and interconnection of proteins into specific loops and bends
forms the tertiary structures. This structure contains hydrogein,and disulfide bonds.

Quaternary- this structure is proteins containing more than one peptide chain
Properties

1 Proteins can also be characterized by their chemical reactions. Most proteins are soluble in
water, in alcohol, in dilute base or in various concentrations of salt solutions.

1 Proteins have the characteristic coiled structure which is determined by tieaceqgf
amino acids in the primary polypeptide chain and the stereo configuration of the radical
groups attached to the alpha carbon of each amino acid.

1 Proteins are heat labile exhibiting various degrees of lability depending upon type of protein,
soluton and temperature profile.

1 Proteins can be reversible or irreversible, denatured by heating, by salt concentration, by
freezing, by ultrasonic stress or by aging.

1 Proteins undergo characteristic bonding with other proteins in tbelsa plastein redion
and will combine with free aldyhyde and hydroxy groups of carbohydrates to form Maillard
type compounds.
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Functions of Protein

Structural functions: Proteins are called as the building blocks of the body. They are an essential
component of variousrsictures in the cell and tissu&8e also find these proteins in the outer
membrane of all cells in the human body. We can also find structural proteins in hair, skin, and
muscles. Proteins often act to strengthen these structures.

Protective: Proteins a& the main constituent of antibodies that protect our body against antigens
and pathogens thus preventing infections.

Hormonal regulation: Hormones are majorly composed of proteins. Hormones play a vital role
in regulating muscle mass, sex hormones, aodthrand development.

Enzymes:Proteins are called as biological buffers because they, as enzymes, regulate many
different biochemical reactions that are occurring in the body.

Lipids
Lipids Definition

ALIi pids are or gani chydcogemgarhom ahd oxyghnatomsec o nt a
which forms the framework for the struct

LIPIDS

Water
(_)— Polar head
(hydrophilic)
Lipid ) .
bilayer Nonpolar ta_nls
(hydrophobic)

(hydrophilic)

Properties of Lipids

Lipids are a family of organic compoundsmposed of fats and oils. These molecules yield high
energy and areesponsible for differerfunctions within the human body. Listed below are some
important characteristics aipids.
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chains.

Lipids are oily orgreasy nonpolar molecules, stored in the adipose tfghe body.
Lipids are a heterogeneous group of compoumadily composed of hydrocarbon

3. Lipids are energyich organic molecules, which provide energy for different life

processes.

4. Lipids are a class of compounds distinguished by their insolubility in water and solubility

in nonpolar solvents.

5. Lipids are inportant in biological systems because they form the cell membrane, a

mechanical barrier that divides a cell from the external environment

Lipid Structure

Lipids are the polymers of fatty acids that contain a long;pwar hydrocarbon chain with a
small plar region containing oxygen. The lipid structure is explained in the diagram below:

(a) Saturated

(b) Unsaturated

Classification of Lipids
Lipids can be classified into two major classes:

1 No saponifiable lipids, and
1 Saponifiable lipids.
No saponifiable Lipids

A no saponifiabldipid cannot be broken up into smaller molecules by hydrolysis, which
includes triglycerides, waxes, phospholipids, and sphingolipids.

Saponifiable Lipids

A saponifiable lipid contains one or more ester groups allowing it to undergo hydmlifses
presence of an acid, basegorzymes No saponifiable lipids include steroids, prostaglandins,
and terpenes.
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Each of these categories can be further broken down intpalanand polar lipids.
Nonpolar lipids, such as triglycerides, are used for energy storage and fuel.

Polar lipids, which can form a barrier with an external water environment, are used in
membranes. Polar lipids include glycerophospholipids and sphingolipids.

Functions of Lipids

1 The majority of lipids in biological systems function either as a source of stored metabolic energy or
as structural matrices and permeability barriers in biological membranes.

1 Amphipathic lipids, the molecules that allow membranes to fmmpartments, must have been
among the progenitors of living beings. This theory is supported by studies of several simple, single
cell organisms, in which up to oitleird of the genome is thought to code fioeembrangproteins and
the enzymes of membrane ligitbsynthesis

1 Lipids play several roles in organisms. Lipids make up protective barriers. They comprise cell
membranes ansome of the structure of cell walls in plants.

1 Phospholipids form the foundation for lipid bilayers, with their amphipathic nature, that make up
cell membranes. The outer layer interacts with water while the inner layer exists as a flexible oily
substane.

9 Lipids provide protective barriers for specialized tissues such as nerves. The protective myelin
sheath surrounding nerves contains lipids.

9 Lipids provide the greatest amount of energy from consumption, having more than twice the
amount of energy as @eins and carbohydrates. The body breaks down fats in digestion, some for
immediate energy needs and others for storage. The body draws upon the lipid storage for exercise
by using lipases to break down those lipids, and eventually to make more aderpksosphate
(ATP) to power cells.

1 In plants, seed oils such as triacylglycerols (TAGSs) provide food storage for seed germination and
growth in both angiosperms and gymnosperms. These oils are stored in oil bodies (OBs) and
protected by phospholipids andbpeins called oleosins.

1 Lipids give plants the necessary energy for their metabolic processes and signals between cells.

Reference pages

https://byjus.com/biology/lipids/#:~:text=There%20are%20two0%20major%20types,simple%20lipids%20
and%20complex%20lipids.&text=For%20eq.%2C%20fats@Z28mwaxes.ed.%2C%20phospholipids%2
0and%20sphingolipids.

https://www.biochemistry.org/education/careers/becominatbioscientist/whatis-biochemistry/
https://byjus.com/chemistry/biochemistry/
https://byjus.com/chemistry/classificatioiof-carbohydratesand-its-structure/
https://courseslumenlearning.com/wrrbiologyl/chapter/readinetypesof-
carbohydrates/#:.~:text=In%20Summary%3A%20Structure%20and%20Function%200f%20Carbohydrates
&text=Carbohydrates%20are%20classified%20as%20monosaccharides,of%20monomers%20in%20the%
20molecule.

https://microbenotes.com/carbohydratestructure-propertiesclassificatiorand-functions/

http://www.f ao.0rg/3/x5738e04.htm

https://www.toppr.com/guides/biology/biomolecules/proteins/

https://www.britannica.com/science/lipid/Mobilizatiof-fatty-acids
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https://byjus.com/biology/lipids/#:~:text=There%20are%20two%20major%20types,simple%20lipids%20and%20complex%20lipids.&text=For%20eg.%2C%20fats%20and%20waxes,eg.%2C%20phospholipids%20and%20sphingolipids.
https://byjus.com/biology/lipids/#:~:text=There%20are%20two%20major%20types,simple%20lipids%20and%20complex%20lipids.&text=For%20eg.%2C%20fats%20and%20waxes,eg.%2C%20phospholipids%20and%20sphingolipids.
https://www.biochemistry.org/education/careers/becoming-a-bioscientist/what-is-biochemistry/
https://byjus.com/chemistry/biochemistry/
https://byjus.com/chemistry/classification-of-carbohydrates-and-its-structure/
https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/#:~:text=In%20Summary%3A%20Structure%20and%20Function%20of%20Carbohydrates&text=Carbohydrates%20are%20classified%20as%20monosaccharides,of%20monomers%20in%20the%20molecule.
https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/#:~:text=In%20Summary%3A%20Structure%20and%20Function%20of%20Carbohydrates&text=Carbohydrates%20are%20classified%20as%20monosaccharides,of%20monomers%20in%20the%20molecule.
https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/#:~:text=In%20Summary%3A%20Structure%20and%20Function%20of%20Carbohydrates&text=Carbohydrates%20are%20classified%20as%20monosaccharides,of%20monomers%20in%20the%20molecule.
https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/#:~:text=In%20Summary%3A%20Structure%20and%20Function%20of%20Carbohydrates&text=Carbohydrates%20are%20classified%20as%20monosaccharides,of%20monomers%20in%20the%20molecule.
https://microbenotes.com/carbohydrates-structure-properties-classification-and-functions/
http://www.fao.org/3/x5738e04.htm
https://www.toppr.com/guides/biology/biomolecules/proteins/
https://www.britannica.com/science/lipid/Mobilization-of-fatty-acids

Worksheet

Name Date
Biomolecules

MULTIPLE CHOICE:

Circle the letter for ALL the answers that are TRUE.

THERE MAY BE MORE THAN ONE CORRECT ANSWER.

1.A is made up of a sugar, a nitrogen base, and a phosphate group.
A. amino acid

B. nucleotide

C. phospholipid

D. glycoprotein

2. Circle the nitrogen base found in DNA but NOT RNA is
Adenine  Thymine  Guanine Cytosine  Uracil

3. Lipids are different from other macromolecules because they
A are hydrophobic and donét dissolve in water
B. containcarbon, hydrogen and oxygen in a ratio of 1:2:1

C. dissolve easily in water

D. form largeprotein molecules

E. are hydrophilic

4. Glycogen, cellulose, and starch are all
A. proteins
B
C
D
E
5
A
B

. polysaccharides
. hucleic acids
. lipids
. phospholipids
. Which 2 kinds of molecules combine to form cell membranes?
. hucleicacids and carbohydrates
. phospholipids and proteins
C. carbohydrates and nucleic acids
D. polysaccharides and RNA
6.Adenine, thymine, guanine, cytosine, and uracil are all
A. amino acids used to make proteins

B. carbohydrates uséd make polysaccharides

C. lipids used to make phospholipids

D. nitrogen bases used to make nucleatide

7. Which part of a phospholipid molecule is NONPOLAR & HYDROPHOBIC?
A. the lipid Atailso

B. the glycerol/ phosphate fAhead?o
8. This molecule is a(n)

A. nucleicacid

B. amino acid

C. phospholipid

D. carbohydrate

9. This molecule is

A. insulin

B. hemoglobin

C. glucose

D. a phospholipid

E. ATP
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PRACTICAL # 06

U Determine the quantity of protein & glucosehimaman blood sampléNew)

p C—  C— X
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Chapter # 7

Analytical chemistry

i;}
@’éj

ANALYTICAL CHEMISTRY |

=2 [

Introduction
Major concept
9 Analytical chemistry
1 Classical method of analysis
1 Modern method of analysis

Conceptual linkage
Structure of atom and molecule

Learninﬁ outcomes

1 Compare the classical method of analysis wit "H
modern methods. .
9 Discuss the procedure of combustion analysig "H
9 Define spectroscopy and discuss its applicatiq "H
in analytical Chemistry .
i State the regions of electromagnetic spect "H
used in IR and UV/vis spectroscopy .
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1 Explain the origin of IRabsorption of simple ”
molecules.
1 Predict whether a given molecule will absorb ”
theunVisible region.
i Predict the color of a transition metal complex ”
from its UV/visible spectrum.

LT - |-L

9 Ouitline in simple terms the principles of proto "H
NMR spectroscopy. v
1 Describe standard scales used in proton NMR "H
1 Outline the use of MS in determination of "H
relative isotopic masses and isotopic abundar .
9 Define and explain atomic emission and atom "H
absorption spectrum. .
i Calculate the average atomic mass of an elem "H
from isotopic data. .
i Calculate percentage of C, H and 0 from given "H
data and determine empirical and molecular .
formula.

Reference videos

Diffraction
\\ Grating

Detector [ ]

L

I\

mn\

Light

Monochromator  Sample
source ¥ Detector Recorder

holder

l

o

Sample

Instrumentation

UV Spectroscop how spectroscopy work?

Quickly Mass
understand Spectrometer

sectrometer _ﬁ
Chemistry

SPECTROMETRY *‘_

Olrgr
S

NMR Spectroscopy Spectrometery mass spectroscopy
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https://www.youtube.com/embed/dkARLSQWHH8?feature=oembed
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Chapter overview
What is Analytical Chemistry?

Analytical chemistry is the branch of chemistry that deals with the analysis of different substances.
It involves theseparation, identification, and the quantification of matter.It involves the use
of classical methods along with modenethods involving the use of scientific instruments.

Analytical chemistry involves the following methods:

1 Theprocess of separatiogolates the required chemical species which is to be analyzed
from a mixture.

1 Theidentification of the analyte substanseachieved via the method gfalitative

analysis
T Theconcentration of the analyia a given mixture can be determined with the rodtbf
guantitative analysis.

Today, the field of analytical chemistry generally involves the use of modern, sophisticated
instruments. However, the principles upon which these instruments are built can be traced to more
traditional techniques.

Methods Usedin Analytical Chemistry
The methods used to determine the identity and the quantity of the analytes in the field of analytical
chemistry can be broadly divided into classical and instrumental methods.

1.Classical Methods

T There exist many classical methadshecking for the presence or absence of a particular
compound in a given analyte. One such example is the acid test for gold.

1 Another example of a classical method for qualitative analysis is the Hsyler test
which employghenolphthaleims an indicator to check for the presence of hemoglobin in
the given analyte.

1 Flame tests can be used to check for the presence of specific elements in an analyte by
exposing it to a flame and observing the change in the color of the flame.

1 Gravimetric analysis is a classical method of quantitative analysis, which can be used in
andytical chemistry to determine the amount of water in a hydrate by heating it and
calculating the weight of the water lost.

T One of the betteknown classical methods of quantitative analysis is volumetric analysis
(also known as titration). In the titrationethod, a reactant is added to the analyte till an
equivalence point is obtained.

2. Instrumental Methods

1 Spectroscopynvolves the measurement of the interaction betwebsttromagnetic
radiation and the atoms or molecules belonging to a sample.
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T With the help of electric fields and magnetic fields, the method of mass spectroscopy is
used to measure the ratio of the mass of the molecule to its charge.

T A common instrumentahethod used in the field of analytical chemistry is electrochemical
analysis. In this method, the analyte is placed in an electrochemical cell and the voltage or
the current flowing through it is measured.

1 The interaction between the analyte and energthéenform of heat is studied in the
discipline of analytical chemistry known as calorimetry. A calorimeter is an instrument
that is used to measure the heat of a chemical reaction.

T It can be noted that even biological measurements are made with the hetpi®otranch of
chemistry, and this field is known as bioanalytical chemistry.

Branches of Analytical Chemistry

Two subbranches come under analytical chemistry namely quantitative analysis and qualitative
analysis which can be explained as follows. Thesemethods form the backbone of many
educational labs of analytical chemistry

3. Quantitative Analysis
Quantitative Analysiss a method of determining the absolute or relative quantity regarding the
concentration of one or more substances present in a sample oucanpo

For example, Take a sample of an unknown so
methods to identify what type of compound is present in the sample; then he adopts the
guantitative analysis procedure to determine the exact amountauahtty of the compound

present in the sample.

Some of the Quantitative analysis techniques inclaidarimetric Analysis and/olumetric
analysis

2. Qualitative Analysis

Quality means thetandard or the feature of one substance. Hence Qualitative analysis method
deals with the determination of the quality of a particular compound, irrespective of its quantity
or concentration. In simpler words, the qualitative analysis does not measanedinet of the
substance but measures the quality of that material. One of the best examples of this type of
method is the observation othemical reactionwhether there will be a changedolour or not.

The qualitative analysis method can be measured in different ways such as Chemical tests, flame tests,
etc. Several such tests are widely usedait analysigidentification of thecation & anion of inorganic
salts)

4. Importance of Analytical Chemistry
Analytical chemistry is the branch which is taught in almost all schools and colleges. But the
applications of it are made in pharmaceutical industries, food factoniesical industries,
agricultural industries and in scientific laboratories. The tools used for this purpose are quite
expensive which one cannot afford at home.
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Applications of Analytical Chemistry

Some important applications of this brancltlémistry are listed below.

What is Spectroscopy?

As per analytical science, every element or compound has unique characteristic spectrum. Eac
compound absorbs and disperses light avegrtain range of wavelength.

Type of interaction between light and material:

In spectroscopy, the type of interaction between light and the material is usually -:

=A =4 =4 =4 -4 A -4

The shelf lives of many medicines are determined with the help of analytical chemistry.
It is used to check for the presence of adulterants in drugs.

Soil can be tested to check for appropriate concentrations of minerals eadtadhat are
necessary for plant growth.

It is employed in the process of chromatography where the blood samples of a person are
classified

- “\’_
Spectroscopy means the dispersion of light into component colors. In simple wordsngtisod

to measure how much light is absorbed by a chemical substance and at what intensity of light
passes through it.

-

Absorption spectroscopy

Emission spectroscopy

Elastic scattering

reflection spectroscopy

Impedance spectroscopy

Inelastic scattering

Coherent or resonance spectroscopy
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SPECTROSCOPY

In Chemistry, Spectroscopy helps to study or analyze various chemical compounds or elements
whereas, in Physics, it helps to determine the makeup atrtin@spheres of planets.

Spectroscopic method

IR Spectroscopy (Infrared spectroscopy)
Ultra- Violet/visible

Nuclear magnetic resonance (NMR)
Atomic Emission and absorption

1 Mass spectrometry

Infrared Spectroscopy.

The type of spectroscopy which deals with the infrared region of the electromagnetic spectrum is
Infrared Spectroscopy.

f
f
f
f

The rays of the infrared region have longer wavelength whereas having a lower frequency than
light. Infrared spectroscopg based on absorption spectroscopy.

?ﬁ Sample %

R D i }:i Splitter | Detector [HProcessor {{ Display
source
%ﬁ_ > _|Reference ;
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IR Spectroscopy

IR spectroscopy (which is short for infrared spectroscopy) deals with the infrared region of the
electromagnetic spectrum, i.e. light having a Emgavelength and a lower frequency than
visible light. Infrared Spectroscopy generally refers to the analysis of the interaction of a
molecule with infrared light.

What is IR Spectroscopy?

An IR spectrum is essentially a graph plotted with the infragéd &bsorbed on the-#xis
againstFrequency or wavelength on theaXis. An illustration highlighting the different regions
that light can be classified into is given below.

IR Spectroscopy detects frequencies of infrared light that are absorbed bgcalendolecules
tend to absorb these specific frequencies of light since they correspond to the frequency of the
vibration of bonds in the molecule.

VISIBLE S

ULTRAVIOLET INFRARED

HINIAVAVA VA VN

UV-Visible Spectroscopy

The Principle of UWVisible Spectroscopy is based on the absorptiartcdviolet light or
visible light by chemical compounds, which results in the production of distinct spectra.

Spectroscopys based on the interaction between light and matter. When the matidrsathe
light, it undergoes excitation and-dgcitation, resulting in the production of a spectrum.

When matter absorbs ultraviolet radiation, the electrons present in it undergo excitation. This
causes them to jump from a ground state (an energy sthta velatively small amount of

energy associated with it) to an excited state (an energy state with a relatively large amount of
energy associated with it).

It is important to note that the difference in the energies of the ground state and thestatsted
of the electron is always equal to the amount of ultraviolet radiation or visible radiation.

NMR Spectroscopy (Nuclear Magnetic Resonance)

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER



https://byjus.com/chemistry/spectroscopy/

Nuclear magnetic resonance (NMR) spectroscopy is the study of molecules by recording the
interaction of radiakquency (Rf) electromagnetic radiations with the nuclei of molecules placed
in a strong magnetic field.

Zeeman first observed the strange behavior of certain nuclei when subjected to a strong magneti
field at the end of the nineteenth century, but thactwal use of the scalledii Z e e ma n
e f f wasbnby made in the 1950s when NMR spectrometers became commercially available.

It is a research technique that exploits the magnetic properties of certain atomic nuclei. The NMR
spectroscopy determines the ploal and chemical propertiesatbms or molecules

Sample Tube
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] |- Transmitter
Magnet | | &3]
= Detecter
- —] Printer
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|

> B()

Magnet
Controller
[ Magnetic Field

NMR Spectroscopy Instrumentation
It relies on the phenomenon of nuclear magnetic resonance and provides ddtaiteation
about the structure, dynamics, reaction state, and chemical environment of molecules.

Atomic emission and absorption spectroscopy.
What is emission spectrum?

When energy is absorbed by electrons of an atom, electrons move from lower energy levels to
higher energy levels. However, these electrons have to emit energy to return to their ground state
from the excited state which is unstable. The frequencies of light emitted in such cases form

the emission spectrum.

What is absorption spectrum?

On the other hand, an absorption spectrum is constituted by the frequencies of light transmitted
with dark bands when energy is absorbed by the electrons in the ground state to reach higher
energy states.

Difference Between Emission and Absorption Spectra
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The emission and absorption spectra difference is provided here. These two topics are one of the
most interesting concepts in physics. Learn their differenedstails given in théable provided
below.

(a) Emission Spectra

P4 Emission spectrum

{0} =
xt}w,lxr\-‘\

Hot gas

(b) Absorption Spectra

m/.fi,\y b, Absorption spectrum

= ([T o= o y P

Cr— i i R
l""

High density

hot matter Cold gas

What is Mass Spectrometry?

Mass spectrometry is an analytical method useful for calculating the mass-to i charge ratio ( m/ z)
of one or more molecules in the sample. Such measurements may also often be used to determine
the precise molecular weight of the sample components. Mass spectrometry is an analytical method
to find the molecular mass of a compound and indirectly helped to prove the identity of isotopes.

5. Principle of Mass Spectrometry

BasedonNewt onds second | aw o famassspectrometer uses thisqrogertyt u m
of matter to plot ions of varying masses on a mass spectrum. From the law, we infer how much mass

is relevant to the inertia and acceleration of a body. This principle is applied to the aspect where ions
with different mass to charge ratios are deflected by different angles in an electric or magnetic field.

2. Mass Spectrum

A mass spectrum is a graph obtained by performing mass spectrometry. It is a relation between the
mass to charge ratio and ion signal.
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MASS SPECTROMETRY

DETECTOR

xX*

LIGHTEST
HEATER TO VAPOURISE
SAMPLE

CHARGED PARTICLE BEAM ELECTRON BEAM

IONISES SAMPLE

HEAVIEST
 INJECT SAMPLE
-
MAGNETIC FIELD SEPARATES
PARTICLES BASED ON
MASS/CHARGE RATIO ELECTRON SOURCE

PARTICLES ACCELERATED

MAGNET INTO MAGNETIC FIELD

Reference pages

https://byjus.com/chemistry/nmespectroscopy/

https://byjus.com/chemistry/principleof-uv-visiblespectroscopy/
https://byjus.com/chemistry/analyticathemistry/

https://byjus.com/chemistry/infraredspectroscopy/
https://www.khanacademy.org/science/organghemistry/spectroscopyay
https://chem.libretexts.org/Courses/Northeastern_University/10%3A Spectroscopic_Methods/10.1%3
A_Overview_of Spectroscopy

Worksheet

1. https://study.com/academy/practice/quizvorksheetatomicspectracharacteristics
types.html

2. Choose an answer and f&iex@d You will receive your score and answers at the
end.
Question 1 of 3
1,Which of the following does NOT describe an atomic spectrum?

c Light that contains patterns characteristic of the elements present in a gas

c Something we can use to figure out what elementprasent in the sun

A mixture of light of different wavelengths
A full rainbow, such as would be contained inside purely white light
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2 What is the name of the equipment used to split the s@light into its various colors to
analyze it?

A splitter

A spectrometer

A half-wave plate

A gyroscope
3.Which of the following is an example of an absorption spectrum?

-
-l T Tl
- I
5
Lesson plan

https://www.mrl.ucsb.edu/sites/default/files/mrl _docs/ret attachments/curriculum/spectrscopy%20I
esson%20plan.pdf

PRACTICAL # 07
U Analyze the sample of salt to determine the nitrogenous comp(uew)

U Analyze the purity of wate(New)

 C—— C— X
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CHAPTER # 08

AS &BUDCKELEMENTS 0

INTRODUCTION

CHAPTER CONTENT

Reaction of representive
element

Chemical behaviour of
halogens

Compounds of S & P block
element

Reactions of S & P block
element with,

Oxygen

Water

Halogens

Nitrogen

Hydrogen

Alcohol

Acids

E R ]

1 Bond Enthalpies in
Halogens

i Strength of Halogens ag

Oxidizing Agents:
F>CI>Br>| 13.6.3

1 TheAcidity of Hydrogen

Halides.

I Halide lons as Reducin
Agents and their relative

Strength

Sodium hydroxide
Washing soda
Chlorine gas
Nitric acid
Sulphuric acid
Bleaching powder
Aqua regia

Boric acid
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Major concepts.
1 Representive element
1 Behaviour of halogens
91 Description of group-A to VIII-A

9 Diagonal relationship of representative elements

Conceptual Linkages

This unit is built on
A Periodic Tabl e
A Periodicity of Properties

LEARNING OUTCOMES

| Studentswillbeableto [ Analyzing [ Understanding [ Applying |

1 Recognize the demarcation of the Periodic
Table into s block, p block, d block, and f
block.

1 Describe how physical properties like atomic
radius,ionization energy, electronegativity,
electrical conductivity and melting and boiling
points of elements change within a group an(
within a period in the Periodic Table.

9 Describe reactions of period 3 elements with
water, oxygen and chlorine.

1 Describe physical properties and abikse
behavior of oxides, chlorides and hydroxides
period 3 elements.

1 Describe reactions of oxides and chlorides ol
period 3 elements with water.

1 Explain the trends in physical properties and
oxidation states in groups |, II, IV and VII of
the Periodic Table.

1 Describe reactions of Group | elements with
water, oxygen and chlorine.

1 Explain effect of heat on nitrates, carbonates
and hydrogen carbonates of Group | element

9 Describe reactions of Group Il elements with
water, oxygen and nitrogen.

9 Discuss the trend in solubility of the
hydroxides, sulphates and carbonates of Grg
Il elements.

9 Discuss the trends in thermal stability of the
nitrates andarbonates of Group Il elements.
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1 Differentiate beryllium from other members o
its group.

1 Describe reactions of Group 1V elements with
water.

9 Discuss the chlorides and oxides of group V|
elements

1 Explain the relativdbehaviour of halogens as
oxidizing agents and reducing agents.

1 Compare the acidity of hydrogen halides.

9 Distinguish between an oxide and a peroxidg

1 Write representative equations for the format
of oxides and sulphides.

1 Compare the outermost s and p orbital syste
of an element with its chemical properties.

1 Perform flame tests and explain the appearan
of colors in the flame.

1 Analyze acidic and basic lons using various te

Society , Technology & Science.

Students will be able to,

1

= =4 =8 -8 =9

Describe how the food and beverage industry uses steel, tin, aluminum and glass for canning
purposes. (Analyzing)

Explain how certain elements are mined and extracted from the earth. (Applying)

Relate the properties of the halogens to their importantranial uses. (Applying)

Explain that iodine deficiency leads to goiter. (Understanding)

Explain the applications of bleaching powder. (Understanding)

Explain fluoride toxicity and deficiency. (Understanding)

Related videos.

herrlu'ﬂI‘ube Atkan Chemistry ”
BT ’ Meras ALKALINE

EARTH METALS

Chemistry

NOBLE
GASES
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https://www.youtube.com/watch?v=Hd1nlxui2KU
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https://www.youtube.com/watch?v=qNaBMvJXdJ4

Sodium hydroxide Sodium carbonate Sulphuric acid

(THEORY)

Chapter overview

This chapter describes and explains the trends in atomic and physical properties of the Period 3 element
from sodium to argon. It covers ionization energy, atomic radius, electronegativity, electrical conductivity,
melting poirt and boiling point.

Electronic structures

Across Period 3 of the Periodic Table, the 3s and 3p orbitals fill with electrons. Below are the abbreviated
electronic configurations for the eight Period 3 elements:

Na [Ne] 3¢

Mg [Ne] 3¢

Al [Ne] 3¢ 3pd

Si [Ne] 3¢ 3pt 3p,*

P [Ne] 3¢ 3pt 3p,* 3pt
S [Ne] 3¢ 3p2 3p,* 3pt
Cl [Ne] 3¢ 3p 3p,2 3pt
Ar [Ne] 3¢ 3p2 3p,2 3p,2

In each case, [Ne] represents the complete electronic configuration of a neon atom.

First lonization Energy

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER

')



https://www.youtube.com/watch?v=4S81Vf6Xu4U
https://www.youtube.com/watch?v=VS4_wwDmoMc
https://www.youtube.com/watch?v=Bu3ns9Ii80M

The firstionization energy is the energy required to remove the most loosely held electron from one mole
of gaseous atoms to produce 1 mole of gaseous ions each with a charge of +1.

The molar first ionization energy is the energy required to carry out this chang®fe ofXX.

The pattern of first ionization energies across Period 3

| First ionisation energies (kJ/mol)

2000

1000 O

Ma Mg Al Si P S Cl Ar

There is a general upward trend across the period, but this trend is broken by decreases between magnesil
and aluminum, and between phosphorus and sulfur.

Explaining thepattern
First ionization energy is dependent on four factors:

the charge on the nucleus;

the distance of the outer electron from the nucleus;

the amount of screening by inner electrons;

Whether the electron is alone in an orbital or one of a pair.

= =4 =4 =

Atomic radius

The diagram below shows how atomic radius changes across Period 3.

The figures used to construct this diagram are based on:

1 metallic radii for Na, Mg and Al;
1 covalent radii for Si, P, S and CI;
1 The Varder Waals radius for Afwhich forms no strong bonds).
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It is appropriate to compare metallic and covalent radii because they are both being measured in tightly,
bonded circumstances. These radii cannot be compared with a van der Waals radius, however, making th
diagram deceptivé he general trend towards smaller atoms across the period is not broken at argon. For
convenience and clarity, argon is ignored in this discussion.

Explaining the Trend

A metallic or covalent radius is a measure of the distance from the nucleus tadiveghaair of electrons.

From sodium to chlorine, the bonding electrons are all in de®€, screened by the electrons in the first

and second levels. The increasing number of protons in the nucleus across the period attracts the bondin
electrons morstrongly. The amount of screening is constant across Period 3.

Electronegativity

Electronegativity is a measure of the tendency of an atom to attract a bonding pair of electrons. The
Pauling scale is most commonly used. Fluorine (the most electronegative element) is assigned a value g
4.0, and values decrease toward cesiumfiamdium which are the least electronegative at 0.7.

The trend

The trend across Period 3 looks like this:

| electronegativities

Ma Mg Al Si P =] Cl

Argon is not included; because it does not form covalent bonds, its electronegativity cannot be assigned.
Explaining the Trend

The explanation is the same as that for the trend in atomic radii. Across the period, the valence electrons
for each atom are in thel8vel. They are screened by the same inner electrons. The only difference is the
number of protons in the nucleus. From sadito chlorine, the number of protons steadily increases and
SO0 attracts the bonding pair more closely.

Physical Properties

This section discusses electrical conductivity and the melting and boiling points of the Period 3 elements.
An understanding of thersicture of each element is necessary for this discussion.
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Structures of the elements

The structures of the elements vary across the period. The first three are metallic, silicon is network
covalent, and the rest are simple molecules.

| Metals Metalloids ’ Non-metals

H He
Li [Be M c| n|[o]|F [Ne
Na | Mg Al P S | Cl|Ar
K |Ca|Sc| Ti V |Cr Mn|Fe |Co| Ni [Cu|Zn |Ga e A Se | Br | Kr
Rb|Sr| ¥ | Zr | Nb|Mo | Tc|Ru|Rh|Pd|Ag | Cd| In | Sn - s | Xe
Cs|Ba*|]Lu|Hf | Ta| W |Re|Os| Ir Pt | Au|lHg| Tl |Pb| Bi |Po | At | Bn
Fr|Rafl]Lr | Rf |Db|Sg|Bh|Hs | Mt | Ds | Rg | Cn|Uut| FI |Uup| Lv |Uus|Uuo
= La|Ce|Pr|Nd|Pm|Sm|Eu|Gd| Tb | Dy |Ho| Er |[Tm|Yb
TlAac|Th|Pa]| U Np | Pu|lAm|Cm|Bk | Cf | Es|Fm|Md| No

Three metallic structures

Sodium, magnesium and aluminum all have metallic structures. In sodium, only one electron per atom is
involved in the metallic bond, the single 3s electron. In magnesium, both of its outer electrons are involved,
and in aluminum all three are inveld. One key difference to be aware of is the way the atoms are packed
in the metal crystal. Sodium iséordinated with each sodium atom interacting with only 8 other atoms.
Magnesium and aluminum are eachctidrdinated, and therefore packed more effitye creating less

empty space in the metal structures and stronger bonding in the metal.

A network covalent structure

Silicon has a network covalent structure like that of diamond. A representative section of this structure is
shown:

The structure isdld together by strong covalent bonds in all three dimensions.
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Four simple molecular structures

The structures of phosphorus and sulfur vary depending on the type of phosphorus or sulfur in question. In
this case, white phosphorus and one of the crystafinims of sulfud rhombic or monoclinié are
considered. These structures are shown below:

5 e® O

a P4 molecule an Sz molecule a Cla molecule an Armolecule

(not drawn o scale)

Aside from argon, the atoms in each of these molecules are held together by covalent bonds. In the liquig
or solid state, the molecules are held in clagximity by van der Waals dispersion forces

Electrical conductivity

1 Sodium, magnesium and aluminum are good conductors of electricity. Conductivity increases from
sodum to magnesium to aluminum.

1 Silicon is a semiconductor.
1 Phosphorus, sulfur, chlorine, and argon are nonconductive.

The three metals conduct electricity because the delocalized electrons (as in the "sea of electrons” mode
are free to move throughout teelid or the liquid metal. Semiconductor chemistry for substances such as
silicon is beyond the scope of most introductory level chemistry courses. The other elements do not conduc
electricity because they are simple molecular substances. withoutdieealized electrons..

Melting and boiling points

The chart shows how the melting and boiling points of the elements change as you go across the period.
The figures are plotted in kelvin rather than °C to avoid showing negative temperatures.

3000 1 B rAPECK)
2500 4 B EBFLEK)
2000 4
1500 +
1000
500

0

The metallic structures
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Melting and boiling points increase across the three metals because of the increasing strength of thei
metallic bonds. The number of electrons which each atom can contribute to the delocalized "sea of
electrons" increases. The atomsoalget smaller and have more protons as you go from sodium to
magnesium to aluminum. The attractions and therefore the melting and boiling points increase because:

1 The nuclei of the atoms are more positively charged.
1 The "sea" is more negatively charged.
1 The "sea" is progressively nearer to the nuclei and thus is more strongly attracted.

Silicon
Silicon has high melting and boiling points due to its network covalent structure. Melting or boiling silicon

requires the breaking of strong covalent bonds. Becaiihe two different types of bonding in silicon and
aluminum, it makes little sense to directly compare the two melting and boiling points.

The four molecular elements

Phosphorus, sulfur, chlorine and argon are simple molecular substances withrnoméy Waals attractions

between the molecules. Their melting or boiling points are lower than those of the first four members of
the period which have complex structures. The magnitudes of the melting and boiling points are governed
entirely by the sizesf the molecules, which are shown again for reference:

N e® O

a P4 molecule an Sg molecule a Cly molecule an Armolecule

(not drawn 1o scale)

1 isElemental phosphorus adopts the tetrahedralr@ngement. Melting phosphorus
breaks no covalent bonds; instead, it disrupts the much weaker van der Wasd&iveeen the
molecules.

1 Elemental sulfur forms 3ings of atoms. The molecules are bigger than phosphorus
molecules, and thus the van der Waals attractions are stronger, leading to a higher melting and
bailing point.

1 : Chlorine, C}, is a much smaller molecule with comparatively weak van der Waals
attractions, and thus chlorine will have a lower melting and boiling point than sulfur or phosphorus.

1 Elemental argoris monatomic . The scope for van der Waals attractions between argon
atoms is very limited and so the melting and boiling points of argon are lower again.

Elements of Group 1: Alkali Metals

Did you know that the elements in the periodic table are furtassified on the basis of their properties?
Well, depending on the nature of the reaction that the metals display, some of the metals are called Alkali
metals. Making such classification is sometimes vital to the understanding of different elements.
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It also helps us in determining the expected outcome of a given element, based on its placement in the
periodic table. Hence, studying alkali metals and their properties is very interesting and stimulating to the
overall knowledge of the periodic table. Letunglerstand more about these metals.

Alkali Metals List

- Group 1 He
Li Be B C N o F Ne
Na | Mg Al Si P s [ & | Ar

K Ca | Sc i v Cr Mn]Fe‘Co Ni | Cu Zn Ga Ge As [ Se | Br | Kr

Rb | Sr Y Zr Nb | Mo | Tc RuIRh Pd Ag | Cd | In Sn | Sb | Te 1 Xe

Cs | Ba Hf  Ta wW | Re Os‘ iIr Pt | Au Hg | TI Pb | Bi Po | At Rn

Included in Group 1 of the periodic table, the following are the alkali metals:

Lithium
Sodium
Potassium

Rubidium

=A = =4 =4 =4

Cesium
Alkali Metals Properties

The general electronic configurationeséments of group 1 is h&hey have a strong tendency to donate

their valence electron in the last shell to form strong ionic bonds. They have the least nuclear charge in their
respective periods. As we move down the group, the atomic radius incréeseforE, the nuclear charge
decreases. Caesium is the most metallic element in the group.

Alkali Metals Reactivity with Water

Alkali metals derive their classification because of the results of their reaction with water. Alkaline metals
when reacting withivater produce an alkaline solution, along with the release of hydrogen gas. The following
chemical equations demonstrate how various metals react with water:

lithium  + water Y lithium hydroxide + hydrogen
2Li(S) + 2HO() Y 2 LiOH (aq) + H2(0)
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sodium + water Y sodium hydroxide +hydrogen
2 Na(s)+ 2 H0(l) Y 2 NaOH (aq)+ Ha(0)

potassium+ water Y potassium hydroxider hydrogen
2K(s)+ 2HO() Y 2KOH (aq) + Hx(Q)

All elements in a particular group react in an analogous manner.

How Do Alkali Metals React Otherwise?

As alkali metals arthe most reactive group of metals in the periodic table, each of these metals is capable of
reacting with different elements to produce different results. Following chemical equations demonstrate some
of the ways in which they react:

potassium+ oxygen Y potassium oxide
4K(s) + O(g) Y 2 KO(s)

sodium + chlorine Y  sodium chloride
2Na(s)+ Clo(g) Y 2 NacCl(s)

potassium+ chlorine Y potassium chloride
2K(s)+ Cl(g) Y 2 KCI (s)

All alkalis manifest themselves as a white solid in their compound form that is capable of being dissolved in
water. Most of these compounds are ionic in nature.

Group 2: General Properties:

The elements in the group include beryllium (Be), magnesiun),(6&dcium (Ca), strontium (Sr), barium
(Ba), and radium (Ra).

Introduction

Group 2 contains soft, silver metals that are less metallic in character than the Group 1 elements. Although
many characteristics are common throughout the group, the heavier metals such as Ca, Sr, Ba, and Ra afe
almost as reactive as the s All the elements in Group 2 have two electrons in their
valence shells, giving them an oxidation state of +2. This enables the metals to easily lose electrons, whicl
increases their stabilitynd allows them to form compounds via ionic bonds. The following diagram shows
the location of these metals in the Periodic Table:
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Group 2: Alkaline Earth Metals

Periodic Table of Elements

The table below gives a detailed account of the descriptive chemistry of each of the individual elements.
Notice an increasdown the group in atomic number, mass, and atomic radius, and a decrease down the
group for ionization energy. These common periodic trends are consistent across the whole periodic table

Atomic Mass Oxidatior  Electron Atomig lonization Boiling Flame Magnetic Crystal

. . Radius Energy  Melting Paint .
# (g) State(s) Configuratior (om) | (kI/mol) Point Color Order Structure

Be 4 9.01z +2 1$2¢ 105899.51560 KiM‘None Diamagnetic Hexagonal

Mg 12 2431 +1,+2 [Ne]3€ 150737.7923 K i%“\'i;'h%g Paramagnet Hexagonal
- Face

Ca 20 40.0¢ +2 [Arj4s? 180589.61115 K12/ 0" b\ magnetic Centered
K Red .
Cubic
165E Face

Sr 38 87.6z +2 [Kr]5s2 200549.51042KK “Scarlet Paramagnet Centered
Cubic
217C Body

Ba 56 137.Z% +2 [Xe]6s? 215502.€1000 KK Green Paramagnet Centered
Cubic
Body

Ra 88 226 +2 [Rn]7¢ 215509.3g75 20~ NO™  Gentered
K magnetic Cubic
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Alkaline Earth Metal Reactions

The reactions of the alkaline earth metals differ from those of the Grmgidls. Radium is radioactive
and is not considered in this section.

1 1 All the alkaline earth metals react with hydrogen to create
metallic s Below is an example of a reaction of this type:

Ca9)+H2(g) YCaH: (s)(Group2.1)

1 1 The alkaline earth metals react with oxygeprtoduce metad ; An
oxide is a compound containing oxygen in2aoxidation state. The following is an example
reaction of an alkaline earth metal with oxygen (beryllium does not react with oxygen, but the other
metals react in this manner):

Si(s) +O2 (g) YBrQ, (s)(Group2.2)

1 1 These reactions cannot occur in ordinary condition; extremely high
temperatures are required. A theoretical reaction of an alkaline earth metal with nitrogen would
proceed in the following manner:

3Mg(s) +N(g) YWMg2 N2 (s)(Group2.3)

1 ; Alkaline earth metals react with halogens to form metal halides. A
halide is a compound containing an ionic halogen. A reaction of this type between magnesium
and chlaine is given below:

Mg(s)+Cl2(g) WgCI2(s)(Group2.4)

1 : Beryllium does not react with water; however, magnesium, calcium,
strontium, and barium do react to form metal hydroxides and hydrogen gas. The reaction of barium
and water is illustrated in the following equation:

Ba(s) + 2H.O(I) Ba(OH)2(ag)+H: (g)(Group2.5)

Reference page/site
https://chem.libretexts.org/Bokshelves/Inorganic_Chemistry/Modules_and_Websites (Inorganic_Che
mistry)/Descriptive_Chemistry/Elements_Organized by Period/Period 3 Elements/Physical Properties
of Period_3 Elements

Bond enthalpies (bond energies or bond strengths)

Bond enthalpy is théeat required to break one mole of a covalent bond to produce individual
atoms, starting from the original substance in the gas state, and ending with gaseous atoms. F¢
chlorine, C(g), it is the heat energy required to carry out this change per mole:

Cl—Cljg) ———m EZCliyg

Below is the same reaction with bromine:
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Br —Brg ————® 2By

\

Mote: GAS not liguid!

Bond enthalpy in the halogens, XQ)

A covalent bond occurs because the bonding electron pair is attracted to both the nuclei at eithef

side of it. It is that attraction which holds the molecule together. Theo$the attraction depends,
among other things, on the distances from the bonding pair to each of the two nuclei.

The bonding pairis quite dose i both The bonding pair is further from the
nuclei, and so the bond is strong. nudei, and so the bond is weaker.

nudeus

inner electons

As mentioned before, the bonding pair feels a net attraction of 7+ from both ends of the bond. As
the atoms get larger down the groupe bonding pair is progressively farther from the nuclei; it

is reasonable to expect the bond strength to decrease. The figure below shows the actual bon
enthalpies of the diatomic halogens:

Bond enthalpies

300
bond enthalpy

{kJ mal-1)
b= 1

100 4~

F-F CI-Cl ° Br-Br -1

The bond enthalpies of the-Cl, Br-Br and H bonds decreasas predicted, but the-FF bond
enthalpy deviates significantly. Because fluorine atoms are so small, a strong bond is expected; ir
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fact, it is remarkably weak. In addition to the bonding electrons between the two atoms, each atom
has 3 norbonding pairs belectrons in the outer le\@llone pairs. If the bond length is very short

(as is the case with-F), the lone pairs on the two atoms close enough together to cause a
significant amount of repulsion.

As the atoms tget smaller, lone pairs on the
two atoms get dose enough together to
Experence serous repulsion.

“ /

bonding pair

In the case of fluorine, this repulsion is great eyioto counteract much of the attraction between
the bonding pair and the two nuclei; this weakens the bond.

Reference page/site

https://chem.libretexts.org/Bookshelves/Inorganic _Chemistry/Modules _and_Websites (Inorganic_Che
mistry)/Descriptive_Chemistry/Elements_Organized by Block/2 p

Block Elements/Group 17%3A_The Halogens/0Group 17%3A Physical Properties_of the Halogens/P
hysical Properties_of the Group 17 Elements#:~:text=A%20covalent%20bond%200ccurs%20because,
at%20either%20side%200f%20it. &text=The%20figure%20below%20shows%20the , F2iRiDE%20e
nthalpy%20deviates%20significantly.

The acidity of the hydrogen halides
Hydrogen chloride as an acid

By the Bronsted owry definition of an acid as a proton donor, hydrogen chloride is an acid
because it transfers protons to otbigecies. Consider its reaction with water.

Hydrogen chloride gas is soluble in water; its solvated form is hydrochloric acid. Hydrogen
chloride fumes in moist air are caused by hydrogen chloride reacting with water vapor in the air to
produce a cloud of cwentrated hydrochloric acid.

A proton is donated from the hydrogen chloride to one of the lone pairs on a water molecule.
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o )~

co-ardinate bond

A coordinate ( )tbond is formed between the oxygen and the transferred proton.

The equation for the reaction is the following:
H,O + HCIl — H,0" +Cl

The HO" ion is the hydroxonium ion (also known as the hydronium ion or the oxonium ion). This
is the normal form of protons in water; sometimes it is shortened to the proton fi{aq),Hor
brevity.

When tydrogen chloride dissolves in water (to produce hydrochloric acid), almost all the hydrogen
chloride molecules react in this way. Hydrochloric acid is therefore a strong acid. An acid is strong
if it is fully ionized in solution.

Reference page/site

https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Modules _and_Websites (Inorganic_Che
mistry)/Descriptive_Chemistry/Elements_Organized by Block/2 p

Block Elements/Group _17%3A_The Halogens/1Group 17%3A_General ReactionsdiiyeoAdhe
Hydrogen Halides

Commercial name : caustic soda
On industrial scale sodium hydroxide can be prepared by the following methods.
1) Castner- Kellner Process.
2) Gibb's Method.
3) Nelson'sMethod.
Castner - Kellener Process
Principle
In castnetkellner method NaOH is prepared by the electrolysis of agueous solution of
NaCl(Brine).
Concentration of brine
25 % mass/mass
i.e. 25 gm of NaCis dissolved in 75 gm of water.
Castner-kellner cell
It is a rectangular tank of steel.
Inside of tank is lined with "ebonite".
Anode is made of titanium.
Flowing layer of mercury (Hg) at the bottom of tank serves as cathode.
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Anode
Titaniom

+ .
Na ions Amalgam

Cathode
{zraphite
Bloclk

Water

Denuder

lonization of NacCl
2NaCIC 2Na" + 2Cr
When electric current is passed through brine, +veains migrate towards their
respective electrodes. Ndons are discharged at mercury cathode. The sodium deposited
mercury forms SODIUM AMALGAM. Chlorine produced at the anode is removed from tr
top of the cell.

2Na"+2eC 2Na
Na forms amalgam.
Na + HgC Na/Hg
Na* ions are discharged in preference to Hions due to high over voltage.
Na+/Na: E.P. =-2.71 volt
H+/H : E.P. = 0.00 volt

2CI€C Cl2+ 26

Amalgam moves to another chamber called "denuder”, where it is treated with water to
produce NaOH which is in liquid state. Solid NaOH is obtained by the evaporation of this
solution.

2Na/Hg + 2HO € 2NaOH + H + 2Hg

NaOH obtained is highly pure.
The process is very efficient.
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Possible reaction between NaOH andi€hvoided as NaOH is obtained in a separated
chamber.
Disadvantages
High electricityconsumption.
Environmental pollution due to escape of Hg vapours.
Reference page/site
http://www.citycollegiate.com/sblock3.htm

CHEMISTRY OF SODIUM CARBONATE ( Na 2CO3)

Soda Ash

INDUSTRIAL PREPARATION OF
SODIUM CARBONATE
On industrial scale sodium carbonate is prepared by Ammonia Solvay Process.
Raw Materials
1. Sodium Chloride
2. Lime Stone (CaCO 3)
3. Ammonia
Details of the process
At first stage a  saturated solution of sodium chloride is prepared which is also known
"BRINE".
Composition of solution of NaCl (brine) is 28% m/m.
Steps of preparation

Ammoniation of Brine
In this stage saturated brine is allowed to flow down an ammoniating tower. This tower is
fitted with mushroom shaped baffles. These baffles control the flow of brine and ensure the
proper mixing and saturation of ammonia.
Carbonation of ammoniated brine
In the second step, ammoniated brine is allowed to trickle down a carbonating tower known
as Solvay tower. This tower is also fitted with baffle plates. Here brine is mixed with carbon
dioxide gas, produced by heating lime stone in a separate chamber called " kiln "
CaC03C CaO + CO
the baffle plates ensure the flow of solution and breaks up carbon dioxide into small bubbles
to produ ce good conditions for reaction.

Flow Chart
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Ca (OH)
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o NH,

NaHCO 4C1
3

A = Ammoniation Tower

B = Solvay Tower

C = Kiln D = Ammonia Recovery Tower

Chemistry of Solvay tower

CO:2 reacts with ammonia to form ammonium carbonate.
2NHz + CO2 + H20 C (NH4)2.COs
Ammonium carbonate further reacts with CO 2 to form ammonium bicarbonate.
(NH4)2CO3 + COz + H20 € 2NH4HCO3 (aq.)
Ammonium bicarbonate then react with NaCl to form sodium bicarbonate.
NH4HCO3 + NaCl C NaHCO3 + NH4ClI
Due to exothermic nature of above reactions, solubility of NaHCO 3 increases. To counter this
effect , lower part of Solvay tower is cooled , ppt of NaHCO 3 are separated by vacuum
filtration and washed to remove ammonium salts.
Conversion of NaHCO 3 toNa 2 COs3
Dry sodium bicarbonate is heated in rotary furnace called " CALCINER " to give anhydrous
sodium carbonate or soda ash. Carbon dioxide is recirculated to carbonation tower.
2NaHCO3C Na2 CO3+ CO2+ H20

Ammonia recovery process
When CaCO 3 is heated, CaO is obtained along with CO 2. CaO is treated with water to form
Ca(OH) 2 .

CaO + H. 0 C Ca(OH):
Quick lime is heated with NH 4 Clto form NH 3 and calcium chloride (by product). Ammonia is
used again in this process.

2NHa Cl + Ca(OH). € CaClI2 + 2NHs + 2H2 O

Reference page/site
https://www.citycollegiate.com/sblock2.htm
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and industrial preparation of chlorine gas

LABORATORY METHOD www.citycollegiate.com
In laboratory CI2 gas is prepared by heating a mixture of NaCl , MnO2 with conc.
H2S04.

4NaCl +4H2S04 +MnOZL 4NaHSO4 +MnCI2+2H20 +CI2
Chlorine may also be obtained by heating manganese dioxide with concentrated
hydrochloric acid
MnO2Ar 4HCI A MnCI2+2H20 +CI2
PREPARATION

On industrial scale CI2 is obtained by the electrolysis of aqueous solution of NaCl called

Brine.
NaCl + H20 C CI2+H2 + 2NaOH

www.citycollegiate.com

—_—

NaCl = Nat++C}

CI" ions are collected at anode and form chlorine gas

2CI-C CI2+ 2e
www.citycollegiate.com

Na* ions are collected at cathode where they are mixed with water to produce sodium
hydroxide and liberate hydrogen gas.

2Na+ + 2H20 + 2eC 2NaOH + H2
OVERALL REACTION

2Na+ + 2H20 + 2eC 2NaOH + H2
2CI-C Cl2+ 2e

2Na+ 2C} + 2H20C 2NaOH + CI2 +H2

Ostwald Process

Ostwald process is one of the most common methods or chemical process used for the
manufacturing of nitric acid. The process was developed in the year 1902 by a German chemist
named Wilhelm Ostwald. He was later awarded the Nobel Prize in 1909 for his research.

The Principle and Mechanism Behi

Before we get into theifferent steps, let us quickly understand the principle or

mechanism behind the Ostwald process. The conversion of ammonia to nitric acid simply
occurs as a result of oxidation. This particular oxidation reaction gives us the
corresponding nitric oxide. Fier, when the nitric oxide is oxidized nitrous gases are
formed and those gases can trap water molecule. As a result, we obtain nitric acid.
Catalytic oxidation involving @is used where ammonia will give rise to the product.
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Ammonia Oxidation : ]
Oxid ation Chamber Absorp tien

Converter Tower

Heat Exchanger

While carrying out the process, there are specific reaction chambers where ammonia is fed from one direction
and air through a different path. There are possibilities of side reactions occurring as well.
If we go for subsequent ammonia oxidation, we well gome other reactions. It happens
usually in the case of dinitrogen. The removal of dinitrogen creates ammonia. If we try to
oxidize the ammonia, it will also give back the dinitrogen. There can be other oxidized
forms as well.

In all these, optimizinghe reaction condition becomes very important, otherwise, many
gases can be formed together with the desired NO. It is, therefore, necessary to avoid sid
reactions.

Moving on, the next stage involves the oxidation ofM@ich can also dimerize to give
N20s. The reaction in this stage is only favoured at low temperatures.

Meanwhile, the Ostwald process is also closely relatéddor n Haber 6 s . cycl

Ostwald Process for making Nitric Acid

Step 17 Catalytic Oxidation Reaction
Primary Oxidation (Formation of Nitric Acid)

The main goal in this process is the conversion of ammonia into nitric acid. The process
begins in a catalyst chamber where one ammonia part and eight oxygen parts are
introduced by volume. The chamber temperature is arourfi€600is chamber uses a
catalystlike platinum gauze or copper and nickel can also be used.
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The oxidation of ammonia takes place and it is converted into nitric oxide (NO). The
process is reversibland exothermic. The change in temperature encourages a forward
reaction.

4NHz + 50z 4 NO 2@ | H62H.8 Kcal/mol

Secondary Oxidation (Formation Of Nitrogen Dioxide)

The nitric oxide gas produced by oxidation of ammonia is in a very hot state. $sepa
through a heat exchanger in which the temperature of nitric oxide is lowered’@ 150
After cooling, nitric oxide is transferred to another oxidizing tower where nitrogen
dioxide (NO2) is oxidized at about %D

2NO+Qz 2 NO

Step 21 Absorption of No, (Formation of HNO3)

In a special absorption tower containing water, the nitrogen dioxide from the secondary
oxidation chamber is introduced. N@as is passed through a tower where it absorbs the
water.Nitric acidis then obtained through this process.

3NQO; + HO -> 2HNO: + NO

Nitric acid that is obtained is very dilute. NO is recycled to increase the concentration
level which is generally kept arod1®8 per cent. The acid-water solution can also be
dehydrated by distillation with sulfuric acid. Here, the pressure is kept betuw&én 4
standard atmospheres and the temperature is setidt,878 K.

This reaction is exothermic as there is a reledsmergy. However, since the water and
oxygen are constantly added to this cycle as reactants, the increasing concentration will
create optimal equilibrium conditions.

Sometimes when producing nitric acid by the Ostwald process can be dangerous due to
unfavourable conditions that may arise. More significantly, the concentration and
corrosive behaviour of nitric acid can be a safety hazard.

Reference page/site
https://byjus.com/jee/ostwaldprocess/
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Preparation of Sulphuric Acid by Contact process

SULFURIC-ACID

OH

Sulphuric acid H2S04
We will first start by addressing the question of what is sulphuric acid. Well, sul@tuictics

basically an oxidizing agent, a strong mineral acid, and a dehydrating agent. Sulphuric acid has
the chemical formul&l,SO..

The acid is a colorless liquid. It is soluble in water and generally releases heat on contact.
Further, the acid is corrv® in nature to metals and tissues. It will even char wood and most
other organic matter on contact, but chances of objects catching fire are null. The acid has a
density of 15 Ib/gal. Exposure to the acid can result in adverse health effects fronianhtlat
depends on the rate of exposure and concentration.

Sulfuric Acid
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Sulfuric Acid 3D ball Structure

That being said, the acid is usually manufactured using a method known as the contact process.
Earlier, in this process, a chemical element knag/platinum was first used as a catalyst. Later,
an inorganic compound known as vanadium oxide replaced platinum due to cost constraints.

In any case, today we will be looking at the contact process in detail.

Contact process for manufacturing of sulphuric acid:

Steps involved in the manufacturing of sulphuric acid are as stated below:
1. Preparation ofulfur dioxide

2. Conversion of sulfur dioxidato sulfur trioxide.
3. Conversion of sulfur trioxide formed into concentratessB.

Hot ar for preheating or combustion

Superheated steam Atmospheric return

Step 1: Preparation of sulphur dioxide:

SO is prepared by burningulphurin the presence of excess air so that tloelppct combines
with oxygen which is helpful for the next stage.

S(s)+Q(g) Xg) SO

Step 2: Preparation of sulphur trioxide:

Sulphur trioxide is formed when sulphur dioxide reacts with oxygen in a ratio of 1:1 at a
temperature of 400°C450°C and a @ssure of £ atm in the presence of®, as a catalyst.
This reaction is reversible in nature.

250(g) + O(g)z 2SQ(9)
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Step 3: Preparation of concentrated sulphuric acid:

The sulphur trioxide formed is first made to react with concentrated sulphwticSadphur

trioxide cannot be dissolved in water directly as it leads to the formation of fog. The product
obtained after this reaction is known as oleum. The oleum obtained is then dissolved in water to
obtain concentrated sulphuric acid.

H.SO. + SQ( g ) H.SO()
HSO()+HO( 1 ) .SO 2H

Uses of Sulphuric Acid

In Industries:

1 Up to 50 percent of this liqguid manufactured is used in the production of phosphoric acid which
is in turn used to make phosphate fertilizers.

T Itis used in thenanufacturing of metals such aspper, zinc etc.
1 5 percent of the produced acid is used in the making of fibers.

In Domestic Environments:

1 Used in acidic drain cleaners.
1 Due to its strong dehydrating gerty, it can be used to remove tissue paper.

As a Catalyst:

1 Used as a catalyst in the manufacturing process of nylon.
1 Used in the Manheim process in the manufacturing of HCI.
1 Used in petroleum refining.

Reference page/site
https://byjus.com/chemistry/masproduction-of-sulphuricacid/

BLEACHING POWDER

Chemical name : Calcium chloro hypo chloride.
Commercial name : Bleaching powder.
Chemical formula : Ca(OCI)CLH 20 or CaOCl2.H20.1tis a dirty white amorphous powder

with pungent smell of chlorine gas.
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Industrial Preparation of Bleaching Powder

On industrial scale it is prepared by " Hasen -Clever Method

Raw Material

1. Slaked lime Ca(OH) 2
2. Chlorine gas

HasenClever Plant

The plant consists of four cylinder of castiron . Each cylinder is about 2 to 3m long .Each
cylinder is provided with a stirrer to ensure the mixing of substances. There is an inlet in the
upper most cylinder for Ca(OH) 2. The bottom cylinder has an inlet for Cl 2 and outlet for
bleaching powder. Each cyl  inder is connected to the other by means of pipes.

Strr er\ Gases <

~

Cla

Bleaching
Hasen-Clever Plant Powder
Procedure
Slaked lime is introduced in the first cylinder with the help of compressed air .Cl 2 gas is

introduced from the lower most cylinder .In tjis way these two substances meet, when
proper saturati on is reached, the product is separated from the last cylinder as bleaching
powder.Ca(OH) 2 + Cl> C Ca(OCI)CI.H .0

Properties

It is a strong bleaching agent.Due to liberation of chlorine gas in aqueous solution it
decolorize different fabrics. It is also an anti - septic.

Chemical properties
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Reaction with water:
Ca(OC)Cl+H .0 C Ca(OH) 2 +Cl
With HCI:
Ca(OCIlCl+2HCI C cCaCl; +Cl2 +H 20
With CO 2:
2Ca(OCICl+ CO 2 +H 0 C CaCOs + CaCl » +2HOCI

Uses

As oxidizing and bleaching agent it is used in textile and other industries. It is also used in
the purification of drinking water.

Reference page/site
https://www.citycollegiate.com/bleaching powderlX.htm

Aqua RegiaDefinition

Aguaregia is a mixture afiydrochloric acidHCI) andnitric acid(HNO3) at a ratio of
either 3:1 or 4:1. It is a reddisitange or yellowistorange fuming liquid. The termis a
Latin phrase, meaning "king's water". The name refléed ability of aqua regia to
dissolvethe noble metalgold, platinum, and palladium.

Aqua RegiaUses

Aqua regia is useful to dissolg®ld and platinum and finds application in the extraction
and purification of these metals. Chloroauric acid may be made by using aqua regia to
produce electrolytes for the Wohlwill process. This process refines gold to extremely
high purity (99.999%). A similar process is used to produce-pigfity platinum.

Aqua regia is used to etch metals and for analytic chemical analysis. The acid is used to
clean metals and organics from machines and laboratory glassware. In particular, it's
preferable to use aqua regia rather than chromic acid to clean NMR tubes because
chromic acid is toxic and because it deposits traces of chromium, which ruin NMR
spectra.

Reference page/site
https://www.thoughtco.com/definitionof-aquareqia
604788#:~:text=Aqua%20reqia%20is%20a%20mixioiid2C%20platinum%2C%20and%20palladium.
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Preparation of Boric Acid

One of the simplest methods of preparing boric acid is by reacting borax with any
mineral acid (hydrochloric acid, for instance). The chemical equation for this reaction can
be written as:

NaBs O7.10HO + 2 H C3BOs ¥ 5HOH 2NaCl

Boric acid can also be prepared from the hydrolysis of diborane and trihalides of boron
(such as boron trichloride or boron trifluoride).

Properties of Boric Acidl H:BOs

H:BO; Boric Acid

MolecularWeight/ Molar Mass 61.83 gLmol 11
Density 1.435 g/cm3

Boiling Point 158 °C

Melting Point 300 °C

Under standard conditions for temperature and pressure (STP), boric acid exists as a
white, crystalline solid that is fairly soluble in water. The solubility of H3BO®ater is
temperaturedependent. At a temperature of 25 degrees Celsius, the solabbivyic

acid in water is 57 grams per litre. However, when the water is heated to 100 degrees
Celsius, the solubility of this compound increases to approximately 275 grams per litre. It
can also be noted that boric acid is sparingly soluble in pyrididesigghtly soluble in
acetone. The conjugate base of boric acid is the borate anion.

Structure of HBO3; Molecules

Each boric acid molecule features beaxygen single bonds. The boron atom occupies
the central position and is linked to three hydroxid®mugs. The overall molecular
geometry of boric acid is trigonal planar. The structure £#8f®t molecules is illustrated
below.

What are the Uses of Boric Acid?
The uses of boric acid are listed below.

1 Itis used in the manufacture of textile fiberglass
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It is used in the production of the flat panel display
It is used to neutralize the active hydrofluoric acid
It is used by blacksmiths as welding flux

Itis used in electroplating

It is used in the jewelry industry

It is used in the manufacture of silly putty

Itis used as an Insecticidal

It is used as an antiseptic and antibacterial

Itis used on carrom boards as a dry lubricant

It is used as a neutron poison in some nuclear plants
It is used to preserve grains like wheat and rice

=2 =4 =4 =4 4 -4 -4 4 -4 A -4

Reference page/site
https://byjus.com/chemistry/borie
acid/#:.~:text=Boric%20acid%2C%200ften%20known%afecursor%20t0%200ther%20chemical%20c
ompounds.

O

BORIC ACID STRUCTURE

OH\B/OH

OH

Structure of Boric acid

Student 6s Assessment

A What quality unifies all of the elements grouped in tinosk?

What is the ending of the electron configuration of each element in group 3?
What isthe valence electron configuration of each element in group 27?

Why does the-block span two groups of elements?

What is the formula for bleaching powder?

Is bleaching powder acidic or basic?

What is the pH value of bleaching powder?

What is the importarecof sodium hydroxide?

> > > >
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Can you mix sodium hydroxide and bleach?
Is boric acid the same as borax?
What is boric acid used for?

How do you neutralize boric acid?
What exactly is boric acid?

Is boric acid soluble in acetone?

How Sulphuric acid is produced?
What type of acid is sulfuric acid280,?
What is the pH of Sulphuric acid?

Will sulfuric acid dissolve metal?

Is H.SQy a Monoprotic acid?

I I I I I B D D

PRACTICAL # 08
U How to make sodium extract by sodium metal.
U Determination of crystal of Epsom salthigdrated salt.
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CHAPTER # 09
A O BLOCK ELEMENTS 0

(OQuterTransition Metals)o

I|(!.‘7/ i

INTRODUCTION

CHAPTER CONTENT

Characteristics of Transition Chemistry of Some important Transition
Elements Elements

Binding Energy Oxidation States

Variable Oxidation States Extraction process

Magnetic Behaviour Electrolysis of metal

Catalytic Activity Chemical properties of metal

Alloy formation Nomenclature of cordination compound

Major Concepts
I Transition Elements
1 Coordination Compounds
1 The Chemistry of Some Specific Transition Metals

Conceptual Linkages
This unit is built on
A Periodic Table
A Periodicity of Properties
A Metals and Metalloids
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LEARNING OUTCOMES

Students will be able to

Analyzing

Understanding

Applying

A Describe electronic structures of
elements and ions ofldlock
elements.

N

~

A Explain why the electronic
configuration for chromium and
copper differ from those assigned
using the Aufbau principle.

A Describe important reactions and
uses of Vanadium, Chromium,
Manganese, Iron and Copper.
Explain shapes, origin of colors an
nomenclature of coordination
compound

A Relate the coordination number of
ions to the crystal structure of the
compound of which they are a par

A Define an alloy and describe some
properties of an alloy that are
different from the metals that
compose it.

Z

A Describe the reactions of potassiu
dichromate with oxalic acid and
Mohr's salt.

A Describe the reactions of potassiu
manganate VIl with ferrous
sulphate, oxalic acid and Mohr's
salt.

Skills

Analyzing

Understanding

Applying

A Calculate concentration of iron (l1)
ions in solution by titration with
KMnO4.

A Explain the reaction of
hexaaquacopper (1) ions with
iodide and determine the
concentration of copper (ll) ions ir
the solution.

N
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SOCIETY, TECHNOLOGY AND SCIENCE:
Students will be able to:
y Compare pro
Yy I dentify th

ies of Br ass, Bronze and th
rtain transition metal com

Related Videos
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Chapter overview

(THEORY)
General characteristics of dblock elements
1 Atomic and lonic Radii

The atomic and ionic radii of transition elements are smaller than thedsaufpelements and
larger than those ofldock elements. The atomic and ioradii of first transition elements are
given in the List.

Element and Atomic (pm) radi
Sci 144  Tii 132 Vi 122 Cr -118 WMn -117
Fe-117 Co-116 Ni -115 Cu -117 Zn -125

The atomic radii of first transition series decreases from Sc to Gearains almost
constant till Cu and then increases towards the end. Thimeaaxplained based on two effects
namely screening and the nuclear chaffgct. These two effects oppassch other resulting
in increase in nucleaharge. Hence very slight variation in the atomic radii from Cr to Cu
is observed.

It has been observed that Zirconium and Hafnium have almostaquoat radii. This
is because of lanthanide contraction.
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2 Metallic character

All the transition elements are metals, since the number of electronsitgh®ost shell is
very small, being equal &They are hard, malleable and

3. Formation of coloured ions

Most of the transition metal compounds@tered in their solid or solutidorm. The colour
of transition metal ions is due to the presence of unpelestirons in it and the energy gap
between two energy levels in the sadrmibshell being small. Hence very small amount of
energy igequired for excitationf electrons from one energy level to the other. The energy can be
easily providedby the visible light. The colour observed corresponds to the complementarptolour
the light absorbed.

It may be noted that Zinc, Cadmium and Meycalts do not form angolored compounds
because of the absence of vacant d orbitals to which eleziroh® excited. Sc3ans are also
colorless because of the absencealédtrons.

4 Catalytic Properties
Most of the transition metals atigeir compounds are used as catalyst.
The catalytic activity of transition metals is due to the following reasons.

) They show a variety of oxidation states and thereby can form intermediate products with
various reactants.

i) They are als@apable of forming interstitial compounds which can adsodoactivate the
reacting species.

Some examples of catalyst are
) Iron/molybdenum act as catalyst in the synthesis of ammonia by Haber's Process.
i) Vanadium pentoxide (V205) is uséat catalytic oxidation of SO SO3

i) TiCl4 is employed as a catalyst in the manufacture of polythene.

5 Variable oxidation states

All transition elementsexhibit variety of oxidation states(or) variable valencesn their
compounds. Thiproperty is due to the following reasons.

) These elements have several Ihd and ns electrons.

) The energies of (n1) d and ns orbitals are fairly close to each other.
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Salient features of oxidation states of transition elements

1. The elements which exhibit the maximum number of oxidation states edber in or
near the middle of the series. For example , in the first transsinies manganese exhibits
maximum number of oxidation states (+2 to +7).

2. Theelements in the beginning of the series exhibit fewer oxidation stag¢esuse
they have less number ofelectrons which they can lose contribute for sharing.
The elements at the end of the series exhibit femadation states, because they have
too many d electrons and hence fewacant dorbitals can be involved in bonding.

3. The transition elements in lower oxidation states (+2 and +3) generallydoitrbonds
and in higher oxidation state form covalent bonds.

4. The highesbxidation state shown by any transition metal is +8. For examtitesnium
and osmium show highest oxidation states of +8 in some ofdbeipounds.

5. Some transition metals show oxidation state of zero in their compousigiSO)4nd
Fe(CO)are canmon examples.

6 Magnetic Properties

The magnetic properties of a substance are determined by the number of efgxiet
in it. There are two main type of substances.

) Paramagnetic substances

The paramagnetic character arises becauséheofpresence of unpairetbctrons.
Paramagnetic substances are the substances which are attrachgaddi field.

i) Diamagnetic Substances
Diamagnetic character arises because of the absence of unpaired electrons.
Diamagnetic substance are substances which are repelled by the magfeidic

Most of the transition elements and their compounds are paramagnetre atitacted by
magnetic field. Greater the number of unpaired electrons isutigance greater is the
paramagnetic character, The magnetic charactesuddsiance is expressed in terms of magnetic
moments. The magnetic momeah be calculated using the relation

n(n+ 2)BM (Bohr Magneton)
n = number of unpaired electrons

Example
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Ti*3- The number of unpaired electrons is 1. Hence
1(1+2)BM=3=1.732 B.M
Larger the value of magnetic moment, the greater is the paramagnetic character.

In addition to paramagnetic and diamagnetic substance, there arsub$tamces such as
iron which are highly magnetic as compared to ordinary mékese substances are called
ferromagnetic substances

7 Complex formation

The cations of dblock elements have strong tendency to form compieibscertain
molecules (e.g. CO, NO, NH3....etc) or ions (eg.@-, CN- ....etc) called ligands. Their
tendency to form complexes is due to two reasons.

Small size and high positive charge density.

Presence of vacant{)d orbitals which are @ppropriate energy to accépte pair and unshared
pair of electrons from the ligands for bonding wim.

Examples of some complex compounds are,
[Cu(NH3)4]2+, [Ag(NH3)2]+, [Fe(CN)6]4....etc.
8 Formation of alloys

Transition metals form alloysith each other. This is because they ren®st similar size
and the atoms of one metal can easily take up positions in the crystal lattice of theyotkieays
of Cr-Ni, Cr-Ni-Fe, CrV-Fe, MnFe......etc.

Reference page/site
https://www.brainkart.com/article/Generakcharacteristiceof-d-blockelements 2837/

Oxidation state

For the four successive transition elements (Cr, Mn, Fe and Co), the stability of +2
oxidation state will be there in which of the following order?

(At. no. Cr=24, Mn = 25, Fe = 26, Co = 27)

A. Fe>Mn = Co=>Cr
B.Co>=Mn=Fe=Cr
C.Cr=Mn=Co=Fe
D.Mn=>Fe=Cr=Co

Naming Coordination Compounds
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The set of rules for namingcaordination compound is:

1. When naming a complex ion, the ligands are named before the metal ion.

2. Write the names of the ligands in the following order: neutral, negative, positive. If there
are multiple ligands of the same charge type, they are namqghatbatical order.
(Numerical prefixes do not affect the order.)

3. Multiple occurring monodentate ligands receive a prefix according to the number of
occurrences: dj tri-, tetra, penta, or hexa. Polydentate ligands (e.g., ethylenediamine,
oxalate) receivéis-, tris-, tetrakis, etc.

4. Anionsendini do. This replaces the fathad (fiee.0g wheu

becomes sulfatdpoafdynmnepbdacébscdmes cyani ¢

5. Neutral ligands are given their usual name, with some exceptiondhétidmes ammine;
H2>O becomes aqua or aquo; CO becomes carbonyl; NO becomes nitrosyl.

6. Write the name of the central atom/ion.
will end in-ate, and its Latin name will be used if available (except focung).

7. | f the centr al atombs oxidation state ne-¢€

possible, or zero), write it as a Roman numeral (or 0) in parentheses.
8 End with Acationodo or fAanionod as separate
Example:
Write a proper chaical name for each of the following coordination compounds:
a. [NiClg]? "
b. Pt(NH)2Cls

C. [Pt(NHg)2Cl2]Cl2.

Solution:

a. Tetrachloridonickelat@l) ion. The complex ion, an anion, is inside the parentheses. We have
to add the suffixate in the namef the metal.

b. DiamminetetrachloroplatinuV). This is a neutral molecule. The total charge on the ligands
is -4. Therefore, the platinum oxidation number is +4.

c. Diamminedichloroplatinur(il) chloride. Here, the number of ions and atoms are the.same

However, the brackets as well as the different oxidation number of the platinum result in a very
different name.
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https://courses.lumenlearning.com/introchem/chapter/namirapordination
compounds/#:~:text=The%20set%200f%20rules%20for,are%20named%20in%20alphabetical%20order.

Important use of transition element

Table 1. Therequired trace elements and
their metabolic functions

Element Metabolic Function

Iron Energy transfer by hemoglobin and
cytochromes

Zinc Growth, healing, immune function

Copper Connective tissue formation and

cncrgy transfcr

Manganese | Arginine, pyruvate, superoxide metabolism

Chromium Part of insulin receptor

Selenium Prevents peroxidation of reduced
compounds such as glutathione

Industrial Application of Alloys

Alloys have been used in industries for a long time. Few widely used applications are:

§ Stainless Steel is used in wire and ribbon forms for applications, such as screening,
staple, belt, cable, weldyetalizing, catheter, and suture wire.

1 Alloys of Gold and Silver are used in the preparation of jewelry. White Gold, which is
an alloy of Gold, Silver, Palladium, and Nickel is used as cheap alternative of Platinum.
A wide selection of alloys is used in ld&ng applications by numerous industries.

1 Some alloys function as corrosioesistant materials and are used in moisture rich
environments.

1 High temperature alloys have been used for many aerospace and petrochemical
applications. In addition, they havedmeused for welding wire, where elevated
temperatures and harsh environments are routinely encountered. These alloys have been
used in applications where corrosion resistance and high strength must be maintained at
elevated temperatures.
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Reference page/site
https://www.globalspec.com/reference/46879/203279/industriapplicationof-alloys

Magnetic alloys a used for magnetic cores and dry reed switches. Quality control
measures include magnetic testing to maintain consistently high standards of uniformity
and performance.

Alloys are also used to produce internal and external leads.

Nickel-Chromium, NickelChromiumiron, and IroRChromiuntAluminum alloys have
been used for higtemperature heating elements.

Some alloys are used as resistance elements to control or measure electric current.
Applications have included wikeound resistors, rheostats, potentiveng, and shunts.

Thermocouple alloys have found a widenge of use in temperature sensing and
control.

Alloys are also used as thermostat metals, radio and electronic devices, precision
devises in aircraft controls, telecommunicatiangomotive applidéons.

Alloy steels

This type of metal contains multiple elements to enhance various properties. Metals such as
manganese, titanium, copper, nickel, silicon, and aluminium may be added in different
proportions.

This i mproves steel 6s h artanheendadility and torynabilityve | d a
Applications for alloy steels are electric motors, bearings, heating elements, springs, gears, and
pipelines.

Stainless steelStainless ste@ontains high amounts of chromium. This is why it has 200 times
higher resistance to corrosion than mild steel. It makes it the ideal candidate to manufacture
kitchenutensils, piping, surgical and dental equipment. Also, as no coating is hecessary, you can

have anetallic look like you want with the right surface finish

Tool steel:Tool steels are used for making cutting and drilling tofteir high hardness make

them an ideal choice for these applications. They contains molybdenum, vanadium, cobalt, and

tungsten as constituemietals.
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METALLURGY OF COPPER

IMPORTANT ORES OF
COPPER

Copper pyrite or chalcopyrite (CuFeS2).
Chalocite (Cu2S) or copper glance.
Malachite green [CuCO3.Cu(OH)2].
Azurite blue [2CuCO3.Cu(OH)2].
Bornite (3Cu2S.Fe2S3) or peacock ore.
Melaconite (CuO) etc.

EXTRACTION OF COPPER
FROM SULPHIDE ORE

Large amount of copper are obtained from copper pyrite (CuFeS2) by smelting. Ores
containing 4% or more copper are treated by smeltprgcess. Very poor ores are treated b
hydro-metallurgical process.

EXTRACTION OF COPPER BY
SMELTING PROCESS
Following steps are involved in the extraction of copper.
CONCENTRATION

The finely crushed ore is concentratedHogth-Floatation process. The finely crushed ore
suspended in water containing a little amount of pine oil. A blast of air is passed through
suspension. The particlegget wetted by the oil and float as a froth which is skimmed. The
gangue sink to the bottom.

Ore & Foam

R LS ey
e B

Ol
——
Water

Powdered Ore

ROASTING
The concentrated ore is then roasted in a furnace in the presence of a current of air. St
oxidized to SO2 and impurities of arsenous and antimony are removed as volatile oxide
The following reaction takes place.
2CuFeS2 + O Cu2sS + FeS + SO2
S+02C Ss02
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4As +302C As203

4Sb + 302C 2Sbh203
Cuprous sulphide and ferrous sulphide are further oxidized into their oxides.

2Cu2s + 302Q 2Cu20 + 2502
2FeS + 302C 2FeO + 2S02
SMELTING
The roasted ore is mixed with coke and silica (sand) SiO2 and is introduced in to a blas
furnace. The hot air is blasted and FeO is converted in to ferrous silicate (FeSiO3).
FeO + Si02C FeSiO3

Cu20 + FeSC Cu2S + FeO
FeSiO3 (slag) floats ov  er the molten matte of copper.
BESSEMERIZATION
Copper metal is extracted from molten matte through bessemerizatiemmatte is introduce
into Bessemer converter which uphold by tuyers. The air is blown through the molten r
Blast of air converts Cu2S partly into Cu20 which reacts with remaining Cu2S to give m
copper. .
2Cu2S + 302C 2Cu20 +2S02
2Cu20 + Cu2< 6Cu + SO2

Bessemer Converter

The copper so obtained is called "Blister copper" because, as it solidifies, SO2 hidden
escapes out producing blister on its surface.

IMPURITIES IN BLISTER
COPPER AND THEIR EFFECTS

Blister copper is 99% pure. It contains impurities mainly iron but little amount of As, Zn
Ag and Au may also be present. These impurities adversely affect the electrical as well

mechanical properties ofcopper. Therefore, they must be warad.
REFINING OF COPPER
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Blister copper is refined by electrolysis. Blocks of blister copper are used as anodes an
sheets of pure copper act as cathodes. The cathode plates are coated with graphite in or
remove depositing copper. The electrolyte is copper dudpe (CuSO4) mixed with a little
amount of H2SO4 to increase thelectrical conductivity. Optimum potential difference is 1
volt for this electrolytic process. Duringelectrolysis, pure copper is deposited on the cathc
plates and impurities whicire soluble and fall to thebottom of the cell as anode mud or
sludge.

ELECTROCHEMICAL CHANGES
DURING ELECTROLYSIS

cuC cu+2+2e (at the anode)

cu+2 +2eC Cu (at the cathode)
This electrically refined copper is 100% pure.

O
"

c:115¢:14—-""" ARCRB ABCE A

Impure Copper Pure C opper

A =anode
C = cathode

Reference page/site
https://www.citycollegiate.com/dblock4.htm

Chemical reactions

Reactions with oxygen

The group 1 elements react quickly with oxygen in the air at room temperature. Mosbinansiti
elements react slowly, or not at all, with oxygen at room temperature. Some transition metals
react with oxygen on heating, for example:

copper + oxygen Y copper oxide
2Cu(s)+0(g) Y 2CuO(s)
Reactions with water

The group 1 elements react vigoroushyhweold water. Most transition elements react slowly
with cold water, or not at all.
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Iron reacts with water and oxygen at room temperature to form hydrated iron(lll) oxide, or rust.

For more information on rusting, visit thésing materialsstudy guide.

Reactions with halogens

The group 1 elements react vigorously with the halogens. Some transition elements also react
with halogens, for example:

iron + chlorine Y iron(IlI11) chl
FeG)+Ch( g) VYa(sFeCl

Reference page/site
https://www.bbc.co.uk/bitesize/quides/z97yw6f/revision/3

Student 6s assessment
A Whatdo youmeanby d-d transition?
A Whataretransitionelementsandwhy are they calledso?
Whatis meantby transitionelements?
A Howreactivearetransition elements?
A Naming Coordination Compounds from formulas: Give a systematic name for each of the
following compounds:
[Ag(NH3)]Br
Ni(CO)
K2[QI(CN) ]
[Co(H209] [Ag(CN) ]
[CoCI3B4™*
o [Ni(en) (NH3)2}~
A Why d-block element show coloured property.
A Describe some alloy of aluminium.

© 0 O 0 O

PRACTICAL # 09
U Identify the metal by performing flame test.
U How to apply tin layer on metallsurface by mechanical & electroplating method.

Y G
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CHAPTER # 10
AENVI ROMENTAL CHEMI STRYO
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Chemistry of the Chemistry of the

Water Pollution and Water

Troposphere Stratosphere Treatment
Chemical Reactions in the Production and Destruction of | Types of Water Pollutants
Atmosphere Ozone

2 COx, N10Ox, VOCs, SOx ,

Suspended Solids and Sedimer]

Automobile, Pollutants and the
Catalytic Converter

Dissolved Solids

Industrial Smog

Thermal Pollution

Photochemical Smog

Global Warming and Climate
Change

Acid Rain

Major Concepts

Chemistry of the Troposphere
Chemistry of the Stratosphere

Water Pollution and Water Treatment
Green Chemistry

= =4 -4 =9

Conceptual Linkages

The unit is built on

A Co mp o &tmosphere o f

A Layers of Atmosphere
A Air Pollutants

A Ozone

LEARNING OUTCOMES

Students will be able to Analyzing Understanding Applying
1 Recognize various chemical "H
reactions occurring in the
atmosphere.
1 Recognize that the release of CC "H

SOx NOx, VOCs are associated
with the combustion of
hydrocarbon based fuels.

1 . Outline problems associated wit "H
release of pollutants including ac
rain and the formation by free
radical reactions of hazardous
inorganic and organic compound,
e.g., PA.

1 Describe causes and impacts of "H
urban smog.
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Explain greenhouse effect and "H
global warming as resulting in
climate change.

Explain the build up to and "H
recognize the adverse effects of
ozone in the troposphere.

Describe the role of CFCs in "H
destroying ozone in the
stratosphere.

Describe the role of ozone in the "H
stratosphere in reducing the
intensity of harmful UV radiation
reaching the earth.

List possible alternatives to the u
of CFCs.

Recognize and describe various
water pollutants

Explain the various parameters o H
water analysis.
List some major products of the H

petrochemicals industry, togethel
with their uses.

Skills Analyzing Applying Understanding
Estimate chloride ions in tap wat "H
using titration technique.

Society , Technology & Science.

Students will be able to,

T

Describe how properties of gases promote greenhouse effect. (Analyzing)

Make connections between Halons and CFCs and theitgfbn ozone depletion. (Analyzing)
Predict effects of radiation pollution. (Applying)

Explain the need to work in a welentilated area when working with toxic solvents as used in
adhesives. (Applying) Describe how rain water seepage through hazardous wastes dumpsites can
dissolve and reach drinking water supplies. (Applying)

Describe thee ways in which water is purified naturally. (Applying)

Explain how photochemical reactions contribute to air pollution. (Applying)

Identify ways in which air pollution resulting from auto exhausts can be alleviated. (Applying)
Recognize the use of edytic converters in reducing pollutant emissions from petrol driven cars.
(Analyzing)

Differentiate between ozone at the earth's surface and ozone formation and depletion in the
atmosphere. (Applying)

Realize that dumping waste water from householdiahastry without treatment to the rivers

and creeks is dangerous for the environment.(Understanding)

Related videos.
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Chapter overview

Chemistry of the Troposphere

A lot of chemistry happens in Earth's atmosphere; there are many different kinds of chemicals in the
air. Those chemicals often combine with each other in chemical reactions, making new and different
chemicals. This is called "atmospheric chemistry".

Earth'satmosphere has different layers. The lowest layer is called the troposphere. We live in the
troposphere. This page explains about atmospheric chemistry in the troposphere.

Most of the gas in our atmosphere is nitrogen. About 4/5ths of the air is nitkdpan.about the other
1/5th? Almost all of it is oxygen, the stuff in the air we need to breathe. There are also very small amounts
of a bunch of other chemicals.

Have you heard of greenhouse gases? They are kinds of gases that trap the heat fromnsonlight i
atmosphere. Earth would be very cold if we didn't have any greenhouse gases. Carbon dioxide and metharje
are two very important greenhouse gases.

Some of the chemicals in the air come from pollution. When we burn coal in a factory or gasoline in our
cars, we make air pollution. Coal and oil have sulfur in them. When they burn, they make chemicals called
sulfur oxides. These can turn into sulfuric acid when they mix with water droplets in the air. These droplets
of acid can fall to the ground as acidhraCars and trucks also give off chemicals called nitrogen oxides.
Nitrogen oxides combine with other chemicals to make smog. They also help make nitric acid, which is
another acid in acid rain.

Nature also does things to change the chemistry of thespbpee. Volcanoes, lightning, and wildfires all
add chemicals to the air or change the ones that are already there. Energy from sunlight can make chemicgl
reactions happen, changing one gas into another. Some chemicals move in cycles between the atmosphe(e
living creatures, and the oceans. The Carbon Cycle and the Nitrogen Cycles are two important cycles thal
change the chemistry of the atmosphere.
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https://www.youtube.com/watch?v=LPHF323XlWw
https://www.youtube.com/watch?v=d7Ci_EooW-k
https://www.youtube.com/watch?v=1b3-l4BxqGA
https://www.youtube.com/watch?v=dmgLESI4GGU
https://www.youtube.com/watch?v=Nf8cuvl62Vc
https://www.youtube.com/watch?v=Zk1J2EW-nmQ

This table (below) describes some of the chemicals in the troposphere, and some of the chemical reaction

tha happen in the air:

Chemical Formula Role in Tropospheric Chemistry

Carbon dioxide is a kind of greenhouse gas. When we breath

Carbon dioxide co, take in oxygen and breathe out carbon dioxide. Plants and s
kinds of microbes use carbdioxide during photosynthesis to me

food. Burning fuels also puts carbon dioxide into the atmosph

When things burn, they mostly make carbon dioxide. Sometir
they make carbon monoxide, too. Carbon monoxide is a poisc
gas. Votanoes and car enginesmake carbon monoxide.

Hydrocarbons are chemicals made up of hydrogen and cart

Carbon monoxide co

Hydrocarbons ¢ o, atoms. When fuel burns, it puts some hydrocarbons into the
Hydrocarbons help to make smog, a kind of air pollution.
Methane CHa Methane is a kind of greenhouse gas.

Most of the gas in Earth's atmosphere is nitrogen. About 4/5tt
the air is nitrogen. The nitrogen cycle explains how nitrogen m
Nitrogen N, around in the environment. When fuel burns hot, lildo#s in the
engine of a car, nitrogen combines with oxygen to make nitro
oxides.

Nitrogen oxides are a kind of pollution. Burning fuels like gaso
in air makes nitrogen oxides. Most nitrogen oxides come from

Nitrogen Oxides NO & andtrucks. They help to make smog. They also mix with wat
NG, droplets in the air to make nitric acid. Nitric acid is a part of a
rain.

Nitric acid is part of acid rain. Nitric acid forms when nitrogel
oxides mix with water droplets ihe air. Nitrogen oxides are a ki
of pollution that comes from the engines of cars and trucks
About 1/5th of the gas in the atmosphere is oxygen. When y
breathe, your body uses the oxygen to keep you alive. Ozone
special kind of oxygen that has three atoms instead of two
PAN(Peroxyacytyl PAN is a kind of air pollution. Smog has PAN in it. PAN form
nitrate) C:H30sN when nitrogen dioxide, oxygen, and Volatile Organic Compou
(VOCs) get together.
Smogis a mixture of smoke and fog. Photochemical smog is a
- of air pollution. It has nitrogen oxides, ozone, VOCs, and PAN

Nitric Acid HNOs

Oxygen & Ozone 0,& Os

Smog

Photodissociation When a photon of sunlight breaks apart a molecule.

Sulfur dioxide andsulfur trioxide are types of pollution. People

: SO & make them when we burn coal and oil. Volcanoes also give

SEIIHOA (S SO sulfur oxides. Sulfur dioxide mixes with water droplets in the a
make sulfuric acid. Sulfuric acid is in acid rain.
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Chemical Formula Role in Tropospheric Chemistry
Sulfuric acid is in acid rain. Sulfuric acid in the air is made wh
Sulfuric Acid H,SO sulfur dioxide gasmixes with water droplets. The sulfur dioxide

comes from volcanoes and from coal and oil that people burr
fuel.

Chemistry ofthe Strabsphere

OzoneFormation and Destruction

Stratospheric ozone (O3) is produced by the combination of an oxygen atom (O) with an oxygen
molecule (02). The basic steps to formation are:

o .M

1. UY radiation =strikes an oxygen
Third malecule /

\ [Ck] molecule, splitting off
o

the O atoms.
2. Each O atom collides with an Ok and a third

j malecule to produce bwo Oy molecules.

The third moleculs iz required to remove excess
‘ ‘ energy associated with the collision.
Oy
Oy

O

In the above diagram, oxygen atoms are represented as dark blue circles. Thisiseadtim in
chemical equations as

02+UV=>0+0
2 O + 2 O2 + third molecule => 2 O3 + third molecule
Net Reaction: 3 02 + UV => 2 O3

UV radiation is also involved in the destruction of O3.
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1. UV radistion strkes an czone
mokcule, =plitting off 2n O atom.

Q-
DZ‘
. 0,
2. The free O atom collides with O,

/ x producing teeo O, mokculkes.
0
Q. H

This destruction is expressed as
03+UV=>0+02
O +03=>202
Net Reaction: 2 O3 + UV => 3 02
UV radiationplays a crucial role in the formation and destruction of ozone. UV amounts are greatest in
the tropical regions, thus it is not sigimg that most of the destruction and production of ozone occurs in
the tropical stratosphere.
In 1970 Dr. P. Crutzen proposed the following catalytic reaction that results in the destruction of O3.
X+ 03=>X0+02
03+UV=>202
O+ X0 =>X+02
Net Reaction: 2 O3 + UV => 3 02
In this sequence of reactions, X is an atom or molecule that acts as a catalyst to convert O3 to O2. Note
that X does not change in the net reaction and so it can continue to destroy O3 molecules. The important
radicals repesented by X include chlorine (ClI), hydroxyl (OH), nitric oxide (NO), and bromine (Br).
There is a delicate balance between the production and destruction of O3, resulting in what is referred to
as an O3 shield that protects us from high energy UV radidliais natural balance has recently been
disrupted by human activities.
One molecule that can serve as the catalyst molecule X is chlorine (Cl). But how does Cl get into the

stratosphere? In the 1930s useful chemical compounds known as chlorofluoro¢@fosswere
produced for use in refrigeration, air conditio
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agents. They are very stable in the troposphere with lifetimes of approximately 100 years. This long
lifetime allows CFCs that are emitt@ear the surface to be carried by the winds upward. In the
stratosphere CFCs are dissociated by UV light producing chlorine atoms. The destruction of O3 then
follows with the following chemical reactions:

1. W radistion interacts with a CFC molecule

ﬁripping off & Chlarine atorm. o, O, )]
8¢ -

| o 1o 4. Twwo O, molecules are
‘ formed and the Clatom iz
B 8 ‘ freed to destroy another O
o
3 02

2. The Cl atom strikes an
. ]
2, molecule resulting
in & O rmolecule and .
a chloine monoxide (CIO00

malecule. 3. & free atom of O collides with CIO

WHAT ARE THE
TYPESOFWATER POLLUTION

Water pollution can come from a number of different sources. If the pollution comes from a single source,
such as an oil spill, it is called poisburce pollution. If the pollution comes from many sources, it is
called nonpoinsource pollution.

Most types of pollution affect the immediate area surrounding the source. Sometimes the pollution may
affect the environment hundreds of miles away from the source, such as nuclear waste, this is called
transboundary pollution.

MICROPLASTIC

PRODUCT REVIEW The Giant Issue of Microplastkisst, we will have a look at the background story
on micraplastics, and then we will go into detail on how the situation regarding4pliastics in our
environment impacts us todayVhat are micreplastics?...
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What are micro-plastics?

A micro-plastic is any piece of plastic smaller than 5mm in diameter.

MICROBIOLOGICAL WATER POLLUTION

Microbiological water pollution is usually a natural form of watpbllution caused by microorganisms.
Many types of microorganisms live in water and cause fish, land animals and humans to become ill.
Microorganisms such as:

1 Bacteria
9 Viruses
1 Protozoa

Serious diseases such as cholera come from microorganisms thawateinThese diseases usually
affect the health of people in poorer countries, as they do not have the facilities to treat polluted water.
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CHEMICAL WATER POLLUTION

Industrialand agricultural work involves the use of many different chemicals that caoffrumo water

and pollute it. Metals and solvents from industrial work can pollute rivers and lakes. These are
poisonous to many forms of aquatic life and may slow tieielopment, make them infertile or even

result in death.

Pesticides are used in farming to control weeds, insects and fungbflRui these pesticides can cause
water pollution and poison aquatic life. Subsequently, birds, humans and other animalspoiag e

if they eat infected fish.

Petroleum is another form of chemical pollutant that usually contaminates water through oil spills when a
ship ruptures. Oil spills usually have only a localized effect on wildlife but can spread for miles. The oil

can cause the death of many fish and stick to the feathers of seabirds causing them to lose the ability to

fly.
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NUTRIENTS AND THEIR EFFECT ON WATER

Nutrients are essential for plant growth and development. Many nutrients are found in wastewater and
fertilisers, and these can cause excess weed and algae growth if large concentrations end up in water.

1 This can contaminate drinking water and clog filters.
1 Thiscan be damaging to other aquatic organisms as the algae use up the oxygen in the water, leaving

none for the surrounding marine life.

SUSPENDEDMATTER
Some pollutants do not dissolve in water as their molecules are too big to mix between the water
molecules. This material is call@drticulate matter and can often be auase of water pollution.

1 The suspended particles eventually settle and cause a thick silt at the bottom. This is harmful to marine
life that lives on the floor of rivers or lakes.

1 Biodegradable substances are often suspended in water and can causssiipliereasing the amount
of anaerobic microorganisms present.

1 Toxic chemicals suspended in water can be harmful to the development and survival of aquatic life.
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GROUNDWATER POLLUTION

A lot of the Earthoés water is found underground
often use aquifers as a means to obtain drinking water, and build wells to access it. When this water
becomes polluted it is calleggoundwater pollution.

Groundwater pollution is often caused by pesticide contamination from the soil, this can infect our
drinking water and cause huge problems.

What are Suspended Solisisdiment®

GRAVEL SAND SILT CLAY ALGAE

Both organic and inorganic particles of all sizes camtribute to the suspended solids concentration.

Total suspended solids (TSS) are particles that are larger than 2 microns found in the water column.
Anything smaller than 2 microns (average filter size) is considered a dissolved solid. Most suspended
solids are made up of inorganic materials, though bacteria and algae can also contribute to the total solids
concentratiort.

These solids include anything drifting or floating in the water, from sediment, silt,and sand to plankton
and algaé. Organic parties from decomposing materials can also contribute to the TSS concentration.
As algae, plants and animals decay, the decomposition process allows small organic particles to break
away and enter the water column as suspended $blElsen chemical precitzites are considered a form

of suspended solid8. Total suspended solids are a significant factor in observing water élarttg

more solids present in the water, the less clear the water will be.
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Some sediment will settle to the bottom of a bofiyater, while others remain suspended.

Some suspended solids can settle out into sediment at the bottom of a body of water over a period of
time 3. Heavier particles, such as gravel and sand, often settle out when they enter an area of low or no
water flov. Although this settling improves water clarity, the increased silt can smother benthic
organisms and egdsThe remaining particles that do not settle out are called colloidal or nonsettleable
solids*. These suspended solids are either too small digiaito settle to the bottom.

Settleable solids are also known as bedded sediments, or b&dBagise sediments can vary from larger

sand and gravel to fine silt and clay, depending on the flow rate of water. Sometimes these sediments can
move downsiam even without rejoining the suspended solids concentration. When settleable solids are
moved along the bottom of a body of water by a strong flow, it is called bedload transport

HOW DO THESE SOLIDS END UP DISSOLVED IN WATER?

These minerals can origitgafrom a number of sources, both natural and as a result of human activities.
Mineral springs contain water with high levels of dissolved solids, because the water has flowed through
a region where the rocks have a high salt content. The water in tHe Pravinces tends to have high

levels of dissolved solids, because of high amounts of calcium and magnesium in the ground.

These minerals can also come from human activities. Agricultural and urban runoff can carry excess
minerals into watesources, as can wastewater discharges, industrial wastewater and salt that is used to
de-ice roads.

Thermal Pollution: Source, its harmful effects and preventive measures

Thermal pollution is the degradation of water quality by any process that changes arént water
temperature. A common cause of thermal pollution is the use of water as a coolant by power plants
and industrial manufacturers.
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Thermal Pollution: Sources, its harmful effects and Preventive measures
What is Thermal Pollution?

The termthermal pollution has been used to indicate the detrimental effects of heated effluent discharge
by various power plants. It denotes the impairment of quality and deterioration of aquatic and terrestrial
environment by various industrial plants like theknadomic, nuclear, codlred plants, oil field

generators, factories, and mills.

¥

ot s

What are the sources of Thermal Pollution?
. Nuclear Power Plant

. Coalfired power Plant

. Industrial Effluents

. Domestic Sewage

. Hydroelectric power

. ThermalPower Plant

OOk, WNPE

Definition of green chemistry

Green chemistry is the design of chemical products and processes that reduce or eliminate the use or
generation of hazardous substances. Green chemistry applies across the life cycle of a chemical product,
including its design, manufacture, use, and ultimate disposal. Green chemistry is also known as
sustainable chemistry.

Green chemistry:

Prevents pollution at the molecular level

Is a philosophy that applies to all areas of chemistry, not a single disciplinenoistty

Applies innovative scientific solutions to reabrld environmental problems

Results insource reductiorbecause it prevents the generation of pollution

Reduces the negative impacts of chemical products and processes on human health and the environment
Lessens athsometimes eliminates hazard from existing products and processes

Designs chemical products and processes to reduce their intrinsic hazards

PREPARED BY SIR RAO MUZAMMIL ALI & MS NAHEED MUNEER
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Reference page/site

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A_Chemistry

The Central Science (Brown et al.)/18%3A Chemistry of the Environmd&t3& Chemistry of
the Troposphere

https://cimss.ssec.wisc.edu/\luttps://www.fondriest.com/environmental
measurements/parameters/wateguality/turbidity-total-suspendeesolidswater-clarity/
xwise/ozone/OZONE2.html

https://www.safewater.org/factsheets1/2017/1/23/tds-and-ph
https://www.jagranjosh.com/generaknowledge/thermalpollution-sourceits-harmfuleffectsand
preventivemeasuresl 5192163261

Studentts Assessment

A Greenhouse effect leads to global warming. Which substancessaansible for
greenhouse effect?

A Ozone is a toxic gas and is a strong oxidizing agent even then its presence in the
stratosphere is very important. Explain what would happen if ozone from this region is
completely removed?

A what could be the harmful effts of improper management of industrial and domestic
solid waste in a city?

A why does water covered with excessive algal growth become polluted?

PRACTICAL # 10
1 Determine the pollution of different places or areas by using simple gravimetric method.

p C— p
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https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-_The_Central_Science_(Brown_et_al.)/18%3A_Chemistry_of_the_Environment/18.4%3A_Chemistry_of_the_Troposphere
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-_The_Central_Science_(Brown_et_al.)/18%3A_Chemistry_of_the_Environment/18.4%3A_Chemistry_of_the_Troposphere
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-_The_Central_Science_(Brown_et_al.)/18%3A_Chemistry_of_the_Environment/18.4%3A_Chemistry_of_the_Troposphere
https://cimss.ssec.wisc.edu/wxwise/ozone/OZONE2.html
https://cimss.ssec.wisc.edu/wxwise/ozone/OZONE2.html
https://cimss.ssec.wisc.edu/wxwise/ozone/OZONE2.html
https://cimss.ssec.wisc.edu/wxwise/ozone/OZONE2.html
https://www.safewater.org/fact-sheets-1/2017/1/23/tds-and-ph
https://www.jagranjosh.com/general-knowledge/thermal-pollution-source-its-harmful-effects-and-preventive-measures-1519216320-1
https://www.jagranjosh.com/general-knowledge/thermal-pollution-source-its-harmful-effects-and-preventive-measures-1519216320-1
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INTRODUCTION

CHAPTER CONTENT

UNIT DESCRIPTION

A

Introduction to the Chemical Process Industry and Raw Materials used

Safety Considerations in Process Industries

Dyes

Pesticides

Petrochemicals

Synthetic Polymers (PVC and Nylon)

Cosmetics: Lipsticks, Nail Varnish and Remover, hair Dyes

| >\ > | B B By

Adhesives
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Major Concepts

E

Introduction to Chemical Industry

Pharmaceutical Industry
Pesticides

Synthetic Polymers (PVC ardylon)
Cosmetics: Lipstick, Nail Polish and Remover, Perfumes

Adhesive

Conceptual Linkages

This unit is built on

A Basic

LEARNING OUTCOMES

Met al l ur gi cal

Operations

applications of various cosmetics
like nail varnish, nail polish

remover and lipsticks.

Students will be able to Analyzing Understanding Applying
9 Discuss the importance of the "H
chemical industries in the
economy ofPakistan.
1 Describe the raw materials "H
available in Pakistan for various
chemical industries.
9 Describe the chemical processes "H
addition and condensation
polymerization.
1 Interpret difference between "H
petrochemical and chemicals
derived from them.
1 Describe the fractional distillation "H
and refining of Petroleum
9 List the various raw materials for N
Petrochemical industry.
T Identify the important fractions. "H
1 Describe the basic building block "H
processes in Petrochemical
technology.
9 List some major petrochemicals. N
9 Discuss types and applications 0 N
hair dyes.
9 Describe the formation and uses "H
PVC and Nylon. (Applying)
1 Describe preparation and "H
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Describe types and applications of "H
synthetic adhesives.

Skills Analyzing Applying Understanding
1 List the safety measures and N
precautions in process industries
9 List variouspetrochemicals and "H

their functions.

Society , Technology & Science.

Students will be able to,
9 Identify risks associated with the manufacturing of chemicals. (Evaluating)
9 Trace the development and uses of different synthetic fippplying)

Related videos.

Chemistry } g Tb ‘i'ﬂ“.’i 1 )

“ TOP TEN (10) TS
e

T y PHARMACEUTICAL %
C H E M | c n,' = _._ COMPANIES IN - M

INDUSTRIES el

Chemistry -' & h)

SYNTHETIC -+
POLYMERS ..

results from physical
ractions between the

opri
chemistries for this interaction to occur

(THEORY)

Chapter overview

Chemical process industry

An industry, abbreviated CPI, in which the raw materials undergo chemical conversion during
their processing into finished products, as well as (or instead of) the physical conversions common
to industry in general.
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https://www.youtube.com/watch?v=TZ7qx7KPTFY
https://www.youtube.com/watch?v=oQSGX93J50I
https://www.youtube.com/watch?v=jQBzEplUtoU
https://www.youtube.com/watch?v=lJEeGMMcYCI
https://www.youtube.com/watch?v=nG6JXShLE1s
https://www.youtube.com/watch?v=LWxoDV-Ll8k
https://www.youtube.com/watch?v=cyVWm8LH1ns
https://www.youtube.com/watch?v=6qutTkJ4rO8
https://www.youtube.com/watch?v=VFn83lMJ7Cg

In the chemical process industry the products differ chemically from the raw nsaserialresult of
undergoing one or more chemical reactions during the manufacturing process. The chemical process
industries broadly include the traditional chemical industries, both organic and inorganic; the petroleum
industry; the petrochemical industryhich produces the majority of plastics, synthetic fibers, and
synthetic rubber from petroleum and natigas raw materials; and a series of allied industries in which
chemical processing plays a substantial part. While the chemical process induspi@sarily the

realm of the chemical engineer and the chemist, they also involve a wide range of other scientific,
engineering, and economic specialists

Chemicalraw materialsclassification

1, chemicalraw materialscangenerallybe dividedinto two categoriesccordingto the material
sourceof organicchemicalraw materialsandinorganicchemicalraw materials.

(1) organicchemicalraw materials

Alkanesandtheir derivatives alkynesandderivatives quinonesaldehydesalcohols ketones,
phenolsethersanhydridesestersprganicacids,carboxylicacidsSalts,carbohydrated)eterocycles,
nitriles, haloids,amineacylsandthelike.

(2) InorganicChemicalMaterials

Inorganicchemicalproductsarethe mainraw materialcontainingsulfur, sodium,phosphorus,
potassiumgalciumandotherchemicalminerals(seeinorganicsaltindustry)andcoal, petroleumpatural
gasandair, waterandsoon. In addition,by-productsand wastefrom manyindustrialsectorsarealsoraw
materialsfor inorganicchemicalssuchascokeovengasfor the cokingprocessn theiron andsteel
industry. Theammoniacontainedhereincanberecoveredrom sulfuric acidto makeammoniumsulfate,
chdcopyrite, Sulfur dioxide from the smelterwastegasfrom minesandsphaleritesanbe usedto
producesulfuric acidandthelike.

2, accordingto the productionprocesdo points,canbedividedinto the startingmaterial the basic
raw materialsandintermediatematerials.

(1) startingmaterial

Startingmaterialsareraw materialsrequiredfor chemicalproductionsuchasair, water,fossil fuels
(ie coal,oil, naturalgas,etc.),seasalt, variousminerals,agriculturalproductgsuchasstarchyfoodsor
wild plants,Primewood,bambooyeed,straw,etc.).

(2) basicraw materials
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Thebasicraw materialsareprocessedtartingmaterials suchascalciumcarbideandvarious
organicandinorganicmaterialdistedabove.

(3) themiddle of raw materials

Themiddle of raw materials alsoknownasintermediategenerallyrefersto the complexorganic
chemicalproduction the useof basicraw materialsto produceproducts put not enduseproducts put
alsoneedfurtherprocessingFor example the productionof dyes,plasticsandpharmaceuticalef various

organiccompoundsmethanol acetoneyinyl chlorideand so on.
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Dyes :

Dye, substance used to impadiourto textiles paper leathey

and other materials such that the colouring is not readily altered
by washing, heatight, or other factors to which the material is

likely to be exposed. Dyes differ fropigments which are finely
ground solids dispersed in a liquid, such as paint or ink, or blended
with other materials. Most dyes argganic compounds

(i.e., they contairarbor),

whereas pigments may berganic compounds

(i.e., the do not contain carbon) or orgamiempounds

Pigments generally give brighter colours and may be dyes

that are insoluble in the medium employed.

What are Pesticides?

Pesticides arehemical substances that are meant to kill pests. In general, a pesticide is a chemical or a

biological agent such as a virus, bacterium, antimicrobial, or disinfectant that deters, incapacitates, Kills,
pests.

This use of pesticides is so common thatténe pesticide is often treated as synonymous with plant
protection product. It is commonly used to eliminate or control a variety of agricultural pests that can
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https://www.britannica.com/science/color
https://www.britannica.com/topic/textile
https://www.britannica.com/technology/paper
https://www.britannica.com/topic/leather
https://www.britannica.com/science/light
https://www.britannica.com/technology/pigment
https://www.britannica.com/science/organic-compound
https://www.britannica.com/science/carbon-chemical-element
https://www.britannica.com/science/inorganic-compound
https://www.merriam-webster.com/dictionary/compounds

