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4.1

Bonding in Carbon – Covalent Bond

There are many substances in our surroundings that are made up of carbon.
Human beings are made up of derivatives of carbon. Our body consists of
carbohydrates, fats, proteins, hormones. These are all carbon compounds.
Even the clothes that we wear, the cotton or wool are made up of carbon
compounds. The medicines, the antibiotics all are carbon compounds. Even
the fuel that we use that is petrol and diesel all are carbon compounds.

4.1.1 Covalent Compounds
There are abundant compounds which contain carbon. The nature by which
carbon forms the compound is unique. The atomic number of carbon is 6 and
its electronic conﬁgration is (2,4) i.e. 2 electrons in K shell and four electrons
in L shell.
The ionic bond is formed by gaining or losing electrons. But in case
of carbon, it cannot lose or gain the electrons, so the formation of
ionic bonds in case of carbon is diﬃcult.
Carbon has 4 electrons in its valence cell. If carbon gains 4
electrons then it will form an ion with 4 negative charges. Now the
total number of electrons for carbon will become 10 because it
posses 6 electrons of its own and it has gained 4 more electrons so
the total number of electrons will become 10. In this process the
number of protons remains constant (i.e. 6). There will be unstable
ion with excess of negative charge. Such an ion is not possible to
exist
If carbon has to lose electrons, it will lose 4 electrons to get a stable
electronic conﬁguration. In this case, carbon will form an ion with
4 positive charges. For this to happen, lots of energy has to be
supplied. In this case, 2 electrons are left. Again this too will be an
unstable ion with excess of positive charge. Existence of such ion is
also impossible.

Unstable cations
and anions of carbon

From above examples, the formation of ionic bond for carbon is diﬃcult.
To overcome this problem, carbon forms covalent bonds
Carbon can share its electrons with other carbon atoms and also with atoms of
other elements to from covalent bonds. Now the shared electrons will be
available to valence shells of both the atoms which will result in a stable
conﬁguration for both atoms involved in bond formation.
Other molecules can also from covalent bond amongst themselves, for example
hydrogen
Carbon can share its electrons with other carbon atoms and also with atoms of
other elements to from covalent bonds. Now the shared electrons will be
available to valence shells of both the atoms which will result in a stable
conﬁguration for both atoms involved in bond formation.
Other molecules can also from covalent bond amongst themselves, for example
hydrogen

A covalent bond, also
called a molecular
bond, is a chemical
bond that involves the
sharing of electron
pairs between atoms.

Hydrogen molecule

The formula for hydrogen is H2. Two atoms of hydrogen will combine with
each other. Hydrogen has atomic number 1 and its electronic conﬁguration
would be just one electron in the K shell.
In the hydrogen molecule, each of these hydrogen atoms has 1 valence
electron, so both the atoms of hydrogen will share their valence electrons
and as a result there will be a pair of shared electrons between two hydrogen
atoms. The duplet of both hydrogen atoms involved in bond formation will
be complete. Whenever bond is formed by sharing one pair of electrons it is
known as a single covalent bond. Hydrogen molecule will be formed by the
single covalent bond between the two hydrogen atoms.
Single covalent bond can be depicted by single straight line between the 2
hydrogen atoms (i.e. H-H). It can also be represented by electronic dot
formula. Only valence electrons are shown in the electron dot formula. Since
hydrogen possess only single electron, the same electron will be valence
electron. When H2 molecule is formed, two hydrogen atoms will share their
valence electron forming a covalent bond. This can be represented by
drawing two dots between two hydrogen atoms as they are shared equally
between these two atoms.
Another example is of chlorine molecule. The atomic number of chlorine is
17 and its electronic conﬁguration is (2,8,7). Chlorine's valence cell has 7
electrons and if it acquires one more electron a stable octet will be formed
and both the chlorine atoms will have stable conﬁguration. In the formation
of chlorine molecule each chlorine atom will share one valence electron.
Like hydrogen, 2 electrons or a pair of electrons is being shared which gives
rise to single covalent bond.

Chlorine molecule
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Single covalent bond can be depicted by single straight line between two chlorine
atoms (i.e. Cl-Cl). By electron dot method, since chlorine has 7 valence electrons,
7 dots representing 7 valence electrons are drawn. The second chlorine atom is
also represented in same manner. 6 valence electrons in pairs and a single valence
electron are shown. The single electron from both chlorine atoms will be available
to valence cells of both the chlorine atoms.
Next example is of ammonia. The formula for ammonia is NH3 i.e. it consists of
three atoms of hydrogen and one atom of nitrogen. The atomic number of
hydrogen is 1 and it has only single electron. The atomic number of nitrogen is 7
and its electronic conﬁguration is (2, 5). Nitrogen requires three more electrons to
complete its octet.
Nitrogen will share 3 electrons with 3 atoms of hydrogen separately. This will
result in sharing of one out of three valence electrons of nitrogen with a single
hydrogen atom. Thus a single covalent bond is formed between nitrogen and
hydrogen. Three such single covalent bonds are formed between single nitrogen
atom and three hydrogen atoms.

Ammonia molecule

This can again be depicted in electron dot formula, the valence electrons of
nitrogen are represented by dots and valence electron of hydrogen is represented
by a cross. For nitrogen, a pair of electron is shown and three valence electrons
are shown singly; each of the three will combine with three valence electrons of
hydrogen resulting in three covalent bonds.
The next example is of oxygen molecule O2. The atomic number of oxygen is
8and its electronic conﬁguration is (2, 6). Oxygen will require 2 more electrons in
its valence shell to complete its octet. In case of oxygen molecule, since each
oxygen atom requires 2 electrons to complete its octet, 4 electrons or two pairs of
electrons will be shared between two oxygen atoms. This results in formation of
double covalent bond between oxygen atoms.

Oxygen molecule

By electron dot representation, out of 6 valence electrons of oxygen, two
electrons from each oxygen are shown close to each other. These are the two
pairs of electron which will be shared. By line formula oxygen molecule can be
represented as (O=O).
Next example is of nitrogen moleculeN2. Nitrogen has atomic number7 and
electronic conﬁguration is (2, 5). It needs 3 more electrons in its valence cells to
complete its octet. In the formation of nitrogen molecule each atom of nitrogen
will share 3 electrons. As a result, the number of electrons shared between 2
nitrogen atoms will be 3 pairs or 6 electrons. Since 3 pairs of electrons are being
shared between nitrogen atoms so the nitrogen molecule will have triple covalent
bond.

Nitrogen molecule

The last example is of methane CH4which is a carbon compound. Here the
carbon has atomic number 6 so its electronic conﬁguration is (2, 4) and it needs 4
more electrons to complete its octet. Carbon has 4 valence electrons and each of
the hydrogen has one electron. Hydrogen needs one more electron to complete its
valence shell, so carbon will share one electron with each of the hydrogen atom
as a result between carbon and hydrogen one pair of electron is being shared. So
there will be a single covalent bond. Likewise three more hydrogen atoms will
pair their valence electron with the valence electrons of carbon thus leading to
formation of four single covalent bonds. Here, the duplet of four hydrogen atoms
and octet of carbon atom is complete.

Methane molecule
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Properties of covalent compounds
1. Covalent compounds can be solid, liquid or in the gaseous forms. For example
chlorine is a gas, Bromine is a liquid and iodine is a solid.
2. They have low melting and boiling point.
3. Solubility, there are soluble in organic solvents like kerosene and benzene and
insoluble in solvents like water.
4. Electricity conductivity: the covalent bonds are shared between the atoms and
they are strongly held by the force of the nucleus. So there are no free electrons to
conduct electricity. So as a result covalent bonds are poor conductors of electricity.

4.2

Versatile Nature of Carbon

Carbon in its various forms has been known since ancient times in the form of
soot, charcoal, graphite and diamonds. Its name is derived from a Latin word
“carbo” which means “charcoal”. Ancient cultures did not realize, of course,
that these substances were diﬀerent forms of the same element. Let us explore
the versatile nature of carbon.But what makes Carbon such an interesting
element can be directly attributed to its two unique properties, i.e. tetravalency and catenation. It is because of these properties that the element has
the capacity to form a large number of compounds.Not only is carbon the
fourth most abundant element in the universe, it has so far more than three
million compounds know to us till date.

4.2.1 Allotropy
Allotropy is a
phenomenon where an
element occurs in two
or more diﬀerent
forms which have
diﬀerent physical
properties but identical
chemical properties.

Consider two substances, diamond and graphite. They both look very diﬀerent
from each other. The common thing between diamond and graphite is that they
both are made up of only carbon atoms although they are dissimilar. This can
be explained by phenomenon of allotropy.
Carbon exists in such 3 allotropic forms. First is the diamond, second graphite
and third one is fullerene.

Allotropes of carbon

Diamond
In diamond one carbon atom is attached to 4 more carbon atoms with strong single
covalent bond giving it 3 dimensional rigid structure. It is the hardest substance
found in nature.
Properties of diamond –
▪ As diamond is the hardest substance, the melting and boiling point is very high.
The reason is due to presence of strong covalent bond which require tremendous
amount of energy to break the bonds.
▪ Diamond does not conduct electricity because all its 4 valence electrons are
involved in 4 covalent bonds. It does not have free electrons to conduct electricity.

Graphite
In graphite, each carbon atom is attached to 3 more carbon atoms. Since carbon is
tetravalent (i.e. having valency of four), out of the three bonds, one bond has to be
double to satisfy carbon's valency. These carbon atoms form hexagonal rings and
these rings combine to form sheet of rings. These sheets are laid over one other to
form graphite

Graphite – appearance
and atomic structure
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Properties of Graphite –
▪ Graphite is smooth and slippery.
▪ Graphite is good conductor of electricity. This property can be explained by its
structure. In graphite, 3 valence electrons of carbon are being used to form the
bonds whereas one valence electron is free. So it is free to move and conduct
electricity. That is why graphite is a very good conductor of electricity.
Uses of graphite–
▪ Graphite in a powder form is used as lubricants.
▪ Graphite being a good conductor of electricity, it is used to make electrodes.
▪ It is also used to make the core of lead pencils which we use.
Fullerene
Another example of allotrope of carbon is fullerene. The ﬁrst one that was to be
discovered was C60 60 Carbon atoms) and it had shape in the form of a football.
Its shape resembled the geodesic dome designed by US scientist Buckminster
Fuller that is why these are known as fullerene.

Buckminster's Fullerene

4.2.2 Catenation and Tetravalence
Catenation: This is the
property of carbon in
which carbon can
combine with other
carbon atoms to form
long and very large
molecules.

The reason millions of compounds of carbon exists because of the two
important properties of carbon atom, one of which is the catenation. Due to
catenation carbon can form many compounds which can be single long chain
or branch chain or they can also be in the form of cyclic compounds or they
may be saturated compounds or unsaturated compounds.

Catenation

The other factor which helps in making so many compounds is known as tetravalency of carbons. Carbon can combine with 4 other atoms. It may be carbon
atoms or atoms of diﬀerent elements like hydrogen, oxygen, nitrogen,
halogens, Sulphur. Whenever carbon combines with any other atoms, it forms
a very strong covalent bond. The bonds are strong because of the small
structure of carbon atom. The carbon molecules are extremely stable.

Tetravalent carbon

4.2.3 Hydrocarbons

Hydrocarbons are
those compounds
which are made up of
hydrogen and carbon.
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Hydrocarbons are primarily of two types – saturated hydrocarbons and unsaturated
hydrocarbons

Saturated
hydrocarbons are those
hydrocarbons in which
the carbon atoms are
linked with each other
by single covalent
bonds.

Saturated hydrocarbons
The examples of saturated hydrocarbons are the alkanes. Alkanes are represented
by general formula of CnH2n+2 where C is the carbon, H is the hydrogen and n is
the number of carbon atoms. When n = 1 i.e. one carbon atom, we get the alkane
according to the formula:
2n + 2
= 2(1) + 2
=4
When n=1, the number of carbons present is one and number of hydrogen becomes
4. So the compound will be CH4that is methane.
▪ If the value of n=2, then the molecular formula of the compound will become
C2H6 that is Ethane.
▪ When the value of n=3, then the molecular formula of the compound is
C3H8which is Propane.
Structure of Ethane
Ethane has a molecular formula ofC2H6. Since there are only two carbon atoms,
a single covalent could be drawn between these two carbons. Out of four valence
electrons for both carbon atoms, one valence electron is involved in C-C single
covalent bond. The remaining three valence electrons for both the carbon atoms
will be linked with three hydrogen atoms. They will from C-H single covalent
bonds. Six such bonds will be formed. Thus the tetravalency of both carbons is
satisﬁed.

Ethane

Structure of propane
The molecular formula of propane is C3H8. Propane consists of three carbon
atoms. In an order to link three carbon atoms, they can be linked with two single
covalent bonds in linear manner(C-C-C). One should take care that the
tetravalency of the carbon should be maintained. For two terminal carbons, it can
form 3 C-H bonds and the central carbon can form 2 C-H bonds. In this way,
tetravalency for all carbons is maintained.

Propane

Structure of Butane
The formula for butane is C4H10. The four carbons of butane can be linked in a
linear manner by single covalent bonds (C-C-C-C). The hydrogen atoms are
linked in such a way that the tetravalency of all the carbons is maintained. This
is a straight chain hydrocarbon
The other way by which the four carbon atoms of butane can be arranged is by
linking the three atoms in a linear manner by single covalent bonds. The fourth
carbon atom is can be linked to the central carbon atom with a single covalent
bond. This is a branched chain hydrocarbon. Again hydrogen atoms will be
attached to carbon atoms to satisfy its tetra valency.
The branched butane and chained butane are two structural isomers of butane.

Branched and chain
butane

The chained isomer of butane is n-butane and the branched isomer is iso-butane
Unsaturated hydrocarbons
The examples of unsaturated hydrocarbons are the alkenes and alkynes.
If a hydrocarbon contains double bond it is known as alkene, here the general
formula would be CnH2n.
▪ When the value of n=2, then the molecular formula will be C2H4 this is known
as Ethene.
▪ When the value of n=3, then the molecular formula will be C3H6. And the name
would be Propene.
If the hydrocarbon contains a triple bond then it is known as Alkyne and its
general formula is CnH2n-2.
▪ When the value of n=2, then formula is C2H2 and the name will become Ethyne.

Structural Isomers:
Compounds with
identical molecular
formula but diﬀerent
structures. Alkanes
containing 4 or more
carbon atoms show
chain isomerism.
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which has double or
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hydrocarbons.
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Structure of Ethene
The formula for ethene is C2H4. Since ethene falls under alkene, it will contain a
double covalent bond. Also the ethene consists of only two carbon atoms, these two
carbons are only linked by double covalent bond. It will utilize two valence electrons
of both carbon atoms. The remaining two valence electrons for both carbon atoms
will attach with single hydrogen thus forming 4 C-H single bonds.

Ethene

Structure of Ethyne
Another unsaturated hydrocarbon that is Ethyne which contains triple bond and
molecular formula will be C2H2. Just like ethene, for ethyne, its two carbons can
be linked with triple bonds. Three valence electrons for both the carbon atoms are
involved in the formation triple bond. One valence electron from each carbon
atoms combines with hydrogen thus forming 2 C-H bonds

Ethyne

Cyclic hydrocarbons
In addition to straight chain and branch chain hydrocarbons, there also exists as
cyclic hydrocarbons. The simplest example of cyclic hydrocarbon is
cyclopropane consisting of three carbon atoms. Another example is cyclohexane.
The formula for cyclohexane is C H1 .

Cyclohexane

For cyclohexane the carbon atoms will be placed on the corners of hexagon and
will be linked with single covalent bond. The rest of the hydrogen will be
linked to carbon atoms to satisfy the tetra-valency of carbon.
In addition of cyclohexane which is a saturated hydrocarbon in a cyclic form,
the example of unsaturated hydrocarbons in the ring form is the benzene.

Benzene

In benzene the carbon atoms will be at the corners of the hexagon and there will
be alternate double bonds. There will be single bond between carbon atoms
interrupted by double bond between 2 carbon atoms. There are 3 double bonds
in benzene ring and hydrogen will now be attached with carbon atoms to satisfy
the tetra valency. So the formula of benzene would be C6H6.

4.3

Homologous Series and
Nomenclature of Carbon Compounds

4.3.1 Functional groups
Hydrocarbons are the compounds of hydrogen and carbon. But carbon also has
an ability to combine with atoms of other elements like oxygen, nitrogen,
phosphorus, chlorine, sulphur etc. (referred as hetero-atoms in hydrocarbons).
These elements can replace one or more hydrogen in the hydrocarbons to form
new compounds. These hetero-atoms determine the chemical properties of
hydro carbons regardless of the structure or size of the carbon.
If the hetero atom is a halogen then the functional group will be chloro or
bromo depending on halogen and it will be represented as –Cl and –Br in the
structure.
This single small line depicts the free valency which is present in the
functional group. It is with this free valency that the functional group will get
attached to carbon atom replacing the hydrogen atom. If the hetero group is
oxygen then the functional group can be alcohol that is -OH or it can be
aldehyde. The aldehyde structure is -CHO where carbon is attached by double
bond to oxygen and single bond to hydrogen. Ketone whose structure is C=O
is doubly bonded to oxygen atom. Carboxylic acid structure is -COOH where
carbon is attached to oxygen with a double bond and it is attached to hydroxy
group with single bond.

Functional group: An
atom or group of
atoms present in a
molecule which
largely determines its
chemical properties
regardless of length or
nature of carbon chain.
Example in ethanol the
functional group is
hydroxyl group (OH)
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Hydroxy , aldehyde, ketone and carboxylic acid (R represents hydrocarbon chain
or branch)

4.3.2 Homologous series
Homologous series is
a series of organic
compounds which
have the same
functional group and
similar chemical
properties.

Homologous series is observed for saturated hydrocarbons (alkanes) and
unsaturated hydrocarbons (alkenes and alkynes) with functional groups. In
homologous series the succeeding members vary by a CH2 unit. The diﬀerence in
the molecular mass would be 14u because carbon has the molecular mass of 12u
and hydrogen molecular mass is 2u so the CH2 unit will have molecular mass of
14u.
Characteristics of homologous series - The members of homologous series have
the same functional group. They can be represented by a general formula for
example; the general formula for alkane is CnH2n+2. The members show similar
chemical properties but they will show gradation in physical properties.
Nomenclature of organic compounds in a homologous series
1. The ﬁrst step would be to identify the number of carbon atoms in the compound.
This will determine the name of the hydrocarbon.
2. Next step is to identify the functional group. The functional group is added as
suﬃx or preﬁx to the name of the hydrocarbon
For alkanes if the compound contains 1 carbon atom the name would be methane,
for two carbon atoms the name will be ethane, for three and four carbon atoms,
the name will be propane and butane respectively.
Now if it contains a functional group, then the name of the functional group
would be added. For example if a halogen group is added to 3 carbon compound
(i.e. propane), the name of the halogen will always be added as preﬁx, the name
will become chloropropane if chlorine is added to propane or bromopropane is
bromine is added to propane.
For other functional groups like alcohol, aldehyde and ketone the name is added
as a suﬃx. When we add the name as suﬃx then the name of the carbon
compound is modiﬁed by removing the last letter “e”. For example in propane the
“e” will be removed and the functional group will be suﬃxed instead of letter”e”.

If hydroxyl or alcohol group is being added to propane, then the last “e” of the
propane will be removed and replaced by “ol” and the name will be Propanol.
Similarly if aldehyde group is being added to propane the last “e” will be
replaced by “al” to indicate the aldehyde group and the name will become
Propanal. If a ketone is being added to propane, again the last “e” from the
propane will be replaced by “one” and the name will be Propanone. If
carboxylic group is being added to propane then last “e” is replaced by “oic
acid” and the name will be propanoic acid.
If a double bond is present in a hydrocarbon then they are alkenes. If double
bond is present then suﬃx of “ene” is added. For example if double bond is
present in propane, it will be known as propene. Similarly if a triple bond is
present in hydrocarbon it is known as alkyne. So a suﬃx of “yne” would be
added. For example the triple bond in propane then the name would become
propyne. This is how the nomenclature of compounds is done. It is very logical
and these names are known as IUPAC names of organic compounds.
IUPAC – International Union of Pure and Applied Chemistry

4.4

Chemical Properties of Carbon
Compounds

4.4.1 Chemical Reaction of Carbon Compounds
Combustion
When the allotropes of carbon compound burn they form carbon dioxide along
with the release of heat and light. A lot of heat is generated when hydrocarbons
are burnt in presence of oxygen.
For example methane burns in presence of oxygen to form carbon dioxide and
water producing heat and light. Ethanol when it burns in air it also forms carbon
dioxide with water along with evolution of heat and light.
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Carbon reacting with
oxygen

Combustion of methane

Combustion of ethanol

Most of the saturated hydrocarbons like methane, ethane when they burn in
oxygen they have complete combustion. LPG which is mainly a mixture of
propane and butane and other saturated hydrocarbons burn in presence of oxygen
to form a blue ﬂame.
A blue ﬂame is an indication of fuel burning completely. In case of low oxygen,
saturated hydrocarbons do not burn completely. The ﬂame will contain some unburnt particles in it and that imparts the yellow colour to the ﬂame.
The burner of the LPG gas contains some holes in it from which the oxygen mixes
with the fuel while burning. If these holes are blocked then the burning of fuel
will be insuﬃcient. As a result it will result in yellow ﬂame and the utensils will
get black from the bottom because the un-burnt carbon particles will get attached
to the utensils.
Unsaturated hydrocarbons like ethene, naphthalene etc they burn with a yellow
ﬂame. The reason is in unsaturated hydrocarbons the number of carbon atoms is
more than the hydrogen atoms. As a result incomplete combustion takes place and
un-burnt carbon atoms give the yellow colour to the ﬂame. The carbon atoms from
the ﬂame can settle on plane surface thus blackening them.
In candle the wax (unsaturated hydrocarbon) burns with the yellow ﬂame.
Whereas in charcoal and coal initially when the volatile elements are present they
will burn ﬁrst and then the charcoal or coal will just glow and just give lot of heat.
These are the diﬀerent methods of combustion.

Oxidation Reaction
The reaction in which addition of oxygen takes place is known as oxidation
reaction. Combustion is the complete oxidation but sometimes oxidation takes
place in a partial manner in which a substance gets oxidized in presence of
certain oxidizing agent. Reduction is opposite to oxidation.
Any substance which is capable of adding oxygen to another substance is
known as oxidizing agent. Alkaline KMnO4 and Acidic potassium dichromate
are very good oxidizing agents. The compounds which remove oxygen from
other compounds are reducing agents. Carbon monoxide is the reducing agent.
Consider the reaction of Ethanol with oxygen. When ethanol reacts with
oxygen in presence of either alkaline KMnO4 or acidiﬁed potassium
dichromate it will get oxidized to ethanoic acid and water will be formed along
with it.

Oxidation is gain of
oxygen while
reduction is loss of
oxygen.

Oxidation of ethanol

The acidiﬁed potassium permanganate is the oxidizing agent then the
potassium permanganate will react with sulphuric acid to form potassium
sulphate, chromium sulphate, water and nascent oxygen. Nascent oxygen is
very reactive form of oxygen which is used for oxidization purposes. The
nascent oxygen will react with ethanol in presence of either alkaline potassium
permanganate or acidiﬁed potassium dichromate to form ethanoic acid and
water. The oxidizing agent is always mentioned above the arrow in a chemical
reaction
Activity
In a test tube take 3 millilitres of ethanoic acid and heat this test tube gently in
a water bath. Ethanol is never directly heated because it forms volatile fumes
which can catch ﬁre. So it is always heated on a water bath. After that add few
drops of alkaline potassium permanganate the pink colour of potassium
permanganate disappears. This is because in this reaction ethanol is getting
oxidized to ethanoic acid.
Addition Reaction
In addition reaction two or more reactants combine to form a single product.
Consider the reaction of alkenes with hydrogen molecule. This reaction takes
place in presence of certain catalyst like nickel, platinum or palladium.
The unsaturated hydrocarbons which contain double or triple bond are more
reactive as compared to saturated hydrocarbons. They can accept hydrogen
atoms in presence of catalyst like nickel, platinum, or palladium to form
saturated hydrocarbons.

Catalysts are
substances which alter
the rate of reaction
without themselves
getting aﬀected.
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Hydrogenation of Ethene

When ethene reacts with hydrogen in presence of catalyst like nickel, platinum or
palladium, it undergoes addition reaction. The catalyst is mentioned on the top of
the arrow (palladium). The double bond of ethene breaks and 2 atoms of hydrogen
are added. This forms saturated hydrocarbon ethane.
if we take an example of triple bond ethyne, ethyne will react with hydrogen at
473 Kelvin in presence of catalyst nickel to form ethene. If the reaction is further
continued, ethane is formed.
Vegetable oils are long chains of hydrocarbon that is unsaturated hydrocarbons
and animal fats are long chains of saturated hydrocarbons. When vegetable oils
are hydrogenated in presence of catalyst they get converted into saturated carbon
compounds like Vanaspati ghee.
Substitution Reaction
All saturated hydrocarbons do not react very easily as they are stable. They are
generally inert to various reagents. In presence of sunlight chlorine reacts with
saturated hydrocarbons and it displaces the hydrogen and gets attached to the
carbon. This reaction takes place in several steps where each hydrogen atom of
hydrocarbon will be substituted by chlorine. Following is the reaction of methane
reacting with chlorine in presence of sunlight at temperature 520-600 Kelvin,
▪ When methane reacts with chlorine in presence of sunlight it forms chloromethane
(CH3Cl) and HCl. This is the ﬁrst step of the reaction.
▪ In the next step chloromethane will react with chlorine in presence of sunlight at
temperature 520-600 Kelvin temperature to form dichloromethane (CH2Cl2) and
HCl.
▪ In the 3rd step dichloromethane will react with chlorine to form trichloromethane
(CHCl3) and HCl.
▪ In the last step trichloromethane will react with chlorine in presence of sunlight
and at temperature 520-600 Kelvin temperature to form tetrachloromethane (CCl4)
and Hcl

Substitution reaction
of methane

This reaction is a very fast. As the number of carbon increase, the products
obtained will be more.
4.4.2 Some Important carbon compounds – ethanol and ethanoic acid
Ethanol
Ethanol (C2H5OH) is a colourless liquid at room temperature and is an active
ingredient of alcoholic drinks. It has melting point of 156K and boiling point is
351K. It is a good solvent and it is used to make tincture of iodine, cough
syrups and tonics. Cough syrups make one feel sleepy due to presence of
alcohol in them.
Now alcohols are soluble in water in all proportions. Consumption of alcohol
can lead to health problems.
Chemical properties of ethanol 1) Reaction with sodium: When sodium reacts with ethanol it will form sodium
ethoxide and hydrogen gas will be released.
2C2H5OH + 2Na CH3CH2ONa + H2
Activity
Take a very small piece of sodium which is kept under kerosene. Dry it with
ﬁlter paper and put it in a test tube containing 2 ml of ethanol. A brisk
eﬀervescence of a gas is seen coming out. If we collect this gas and bring a
burning splinter to it, it will burn with a pop sound indicating the formation of
hydrogen gas.
2) Reaction producing unsaturated hydrocarbon: When ethanol reacts in
presence of concentrated sulphuric acid at 443K it will lose a water molecule
to form ethene and water.
C2H5OH + H2SO4 CH2=CH2 + H2O
The structure of ethanol is (CH3 – CH2 – OH).The water molecule is formed
from hydrogen atom of ﬁrst carbon atom and hydroxy group of second carbon
atom. Since one hydrogen and hydroxy group is released forming water, the
double bond forms after their removal. Such reactions where water is removed
are known as dehydration reaction. Concentrated sulphuric acid here is the
dehydrating agent. This reaction shows when ethanol is dehydrated it will form
unsaturated hydrocarbons.
Uses of ethanol –
▪ Ethanol in the form of rectiﬁed spirit, it is 95% alcohol and 5% water. It is
used as an antiseptic to clean wounds.
▪ It is also used to sterilize our skin before giving injection.
▪ Ethanol is a good solvent so it is used to preparation of tincture iodine, cough
syrup, tonics, perfumes etc.
▪ It is used as a fuel in internal combustion engines and in cold countries it is
used as a anti-freeze inside the radiator of automobiles.
Harmful eﬀects of alcohol or ethanol
When ethanol is consumed in large amount it can slow down our metabolic
activities. It also aﬀects our central nervous system and can cause drowsiness,
disorientation and confusion. Unlike ethanol, methanol even if it is taken in a
very small quantity can be lethal. This is because when methanol is consumed,
it goes into the liver and it is converted into methanol, an aldehyde which
reacts with protoplasm and coagulates the protoplasm. Methanol also aﬀects
the optic nerve and can cause a person to go blind.
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Now ethanol is used as a solvent in many industries. In an order to prevent its
misuse for consumption some amount of methanol is added to it. Some dyes are
also added to it, to give it a blue color so that it can be easily identiﬁed. Such a
process is known as denaturing of alcohol that is making it unﬁt for consumption.
Ethanoic acid
Ethanoic acid (CH3COOH) is also commonly known as acetic acid. It belongs to
group carboxylic acids and it is the 2nd member of this homologous series. The 5
– 8% of solution of acetic acid in water is known as vinegar. Vinegar is one of the
common ingredients in the kitchen and it is used for the preparation of the food.
Ethanoic acid is a colourless, pungent smelling liquid. Its melting point is 290K
and so in cold countries it generally freezes. This is why it is also known as
glacial acetic acid because on freezing it forms structure similar to ice.
Chemical properties of ethanoic acid Ethanoic acid shows acidic behaviour. This can be shown by turning of blue
litmus to red. Like other acids like HCl and H2SO4, turn blue litmus to red,
ethanoic acid being a weak acid can also turn blue litmus to red.

Turning of blue litmus
to red by acetic acid

1) Dissociation in water - When ethanoic acid is dissolved in water, it dissociates
into hydrogen ions (positive) and negative ethanoate or acetate ions. This
dissociation is similar to the dissociation of other acids like HCl which produce
hydrogen ions and chloride ions upon dissociation. But in carboxylic acid this
dissociation is not complete, it is partial.

2) Acidic nature - Since dissociation is partial, ethanoic acid is weak acid as compared
to mineral acids. This can be tested by a universal indicator. By adding universal
indicator to both ethanoic acid and HCl, it can be observed that hydrochloric acid
has much lower ph value than the ethanoic acid.

3) Reaction with sodium - Ethanoic acid reacts with sodium to form sodium
ethanoate with the liberation of hydrogen gas.

4) Reaction with base - When ethanoic acid reacts with a base it forms salt and
water. This is the neutralization reaction.

5) Reaction with metal carbonates and bicarbonates - Ethanoic acid reacts with
metal carbonates and to form the sodium salt of the acid and liberates carbon
dioxide.
When ethanoic acid reacts with sodium carbonate it will form the sodium salt
of the acid with the release of carbon dioxide and formation of water.

Similarly ethanoic acid reacts with sodium bicarbonate it forms following products

The carbon dioxide formed in this reaction can be detected by using calcium
hydroxide. Carbon dioxide will turn it milky.
Activity
This calcium carbonate being insoluble in water which will cause the
milkyness can be shown by a simple activity. In a test tube take sodium
carbonate and add a small amount of ethanoic acid to it and one can
immediately see an eﬀervescence of gas being released (above reaction). On
passing this gas through lime water, the lime water turns milky due to calcium
carbonate formed.
6) Esteriﬁcation - When ethanoic acid reacts with absolute alcohol in presence
of catalyst and on heating it will form an ester and water. The name of this ester
formed is Ethyl Ethanoate.
Acid + alcohol Ester + water

Saponiﬁcation - Now this reaction the ester when it reacts with a base or an
acid it gives back the sodium salt of the acid and the alcohol. This reaction is
known as saponiﬁcation which is used in soap industry.

04

Carbon And Its Compounds
4.4.3 Soaps and detergents

4.2.3
Soap is made up of two parts. The long hydrocarbon tail being non-polar which is

Soaps are sodium and
potassium salts of long
chain of carboxylic
acids.

water insoluble but soluble in oil and grease. It is known as the hydrophobic tail.
Hydrophobic means water repelling. The second part is negative charged head.
This being polar, it will be water soluble and that is why it is known as the
hydrophilic head. Hydrophilic means water loving.

Soap molecule

When the soap molecules are on the surface of the water, the hydrophobic
hydrocarbon tail will not be soluble in water. So the orientation of the molecules
of soap will be such that the ionic head is in the water and the long hydrocarbon
tail will be protruding out of the water.

Orientation of
soap molecules in water

Inside the water they have unique orientation. This is achieved by forming
clusters of molecules in which the hydrocarbon tail is kept towards the interior of
the cluster and the ionic part is at the surface of the cluster. This kind of cluster is
known as micelle.
Soap micelles are responsible for cleaning because all the dirt, grease and the oil
will get trapped in the interior of the micelle. These clusters will not come
together to form a precipitate but they will remain dispersed in water. As a result it
will help in the cleaning of the substance.

Soap micelle with oil trapped

Working of soap
One agitates the clothes with wooden baton before washing; in washing
machines it is done automatically. This is done to loosen the dirt and the grease
and the oil from the cloth so that it can be rinsed oﬀ easily.
Activity
Take 2 test tubes both containing hard water and add few drops of soap in one
test tube and few drops of detergent in another test tube. Shake them
vigorously for equal amount of time. It is observed that soap will form white
scum with hard water whereas there will be a large amount of foam with
detergents. This is because detergents are generally ammonium and sulphonate
salts of long chain carboxylic acid and its ionic part do not react with
magnesium and calcium present in hard water. That is why detergents can work
in hard water equally as eﬀectively as compared to soft water. So we see
detergents are equally eﬀective in hard water. Detergents are used to make
shampoo and other cleaning agents.
Activity
Take 2 test tubes and in one of the test tube add distilled water which will act as
soft water and in the 2nd test tube add hard water. Add few drops of soap in
both the test tubes and shake them vigorously. After some time the test tube
which contained distilled water and soap will form the foam of the soap but the
test tube which had hard water will have dirty white precipitate called scum.
When one washes hands with soap and feels that it is not getting cleaned and
the soap is not coming oﬀ that means the water that is being used is hard water.
This happens because of the reaction of soap with calcium and magnesium
salts present in the hard water. Hard water basically contains bicarbonates,
chlorides, sulphates of calcium, magnesium which causes hardness in water.
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The Last Words

▪ Covalent bonds – sharing of electrons
▪ Cations and anions of carbon are unstable
▪ Properties of covalent compounds – present in all states, low melting and boiling points, soluble in
organic solvents, poor conductors of electricity
▪ Allotropes of carbon: Diamond, Graphite Fullerenes
▪ Versatile nature of carbon, catenation- property of self-linking of carbon atoms through covalent
bonds to form chain, branched or rings of diﬀerent sizes. Tetra co-valency and tendency to form
multiple bonds.
▪ Compounds of carbon and hydrogen are called hydrocarbons.
▪ Saturated compounds - hydrocarbons with only single bonds between carbon atoms are called
saturated hydrocarbons, these are alkanes and general formula is CnH2n+2.
▪ Unsaturated compounds: Hydrocarbons with double or triple bonds between carbon atoms.
If double bond is present it is called Alkene, general formula CnH2n. and if triple bond is present
these are called alkynes, general formula CnH2n-2.
▪ Functional group: An atom or group of atoms present in a molecule which largely determines its
chemical properties regardless of length or nature of carbon chain. Example in ethanol the
functional group is OH
▪ Homologous series: A series of organic compounds having the same functional group and thus
similar chemical properties. The succeeding members vary by -CH2 unit.
▪ Addition of oxygen to any substance using various oxidizing agents.
▪ Addition reaction: Addition of two reactants to form single product.
▪ Substitution reaction: Reactions which involve the direct replacement of an atom or group of
atoms in an organic molecule by another atom or group of atoms without any change in rest of
the molecule.
▪ Saponiﬁcation: Reaction of ester with sodium hydroxide to form sodium salt or carboxylic acid and
alcohol.
▪ Soaps and detergents: Soaps are sodium or potassium salts of long chains carboxylic acid. Detergents
are ammonium or sulphonate salts of long hydrocarbons.

