
Chapter 4: Organic Chemistry

1 Introduction (from Morrison and Boyd)

Organic chemistry is the chemistry of the compounds of carbon.
The misleading name “organic” is a relic of the days when chemical compounds were divided

into two classes, inorganic and organic, depending upon where they had come from. Inorganic
compounds were those obtained from minerals; organic compounds were those obtained from veg-
etable or animal sources, that is, from material produced by living organisms. Indeed, until about
1850 many chemists believed that organic compounds must have their origin in living organisms,
and consequently could never be synthesized from inorganic material.

These compounds from organic sources had this in common: they all contained the element
carbon. Even after it had become clear that these compounds did not have to come from living
sources but could be made in the laboratory, it was convenient to keep the name organic to describe
them and compounds like them. The division between inorganic and organic compounds has been
retained to this day.

Today, although many compounds of carbon are still most conveniently isolated from plant and
animal sources, most of them are synthesized. They are sometimes synthesized from inorganic
substances like carbonates or cyanides, but more often from other organic compounds. There
are two large reservoirs of organic material from which simple organic compounds are obtained:
petroleum and coal. (Both of these are “organic” in the old sense, being products of the decay of
plants and animals.) These simple compounds are used as building blocks from which larger and
more complicated compounds can be made.

We recognize petroleum and coal as the fossil fuels, laid down over millenia and non-renewable.
They- particularly petroleum- are being consumed at an alarming rate to meet our constantly
increasing demands for power. Today, less than ten percent of the petroleum used goes into
making chemicals; most of it is simply burned to supply energy. There are, fortunately, alternative
sources of power- solar, geothermal, wind, waves, tides, nuclear energy- but where are we to find
an alternative reservoir of organic raw material? Eventually, of course, we shall have to go to the
place where the fossil fuels originally came from- the biomass- but this time directly, without the
intervening millenia. The biomass is renewable and, used properly, can last as long on this planet
as we can. In the meantime, it has been suggested, petroleum is too valuable to burn.

What is so special about the compounds of carbon that they should be separated from com-
pounds of all the other hundred-odd elements of the Periodic Table? In part, at least, the answer
seems to be this: there are so very many compounds of carbon, and their molecules can be so large
and complex.

The number of compounds that contain carbon is many times greater than the number of com-
pounds which do not contain carbon. These organic compounds have been divided into families,
which generally have no counterparts among inorganic compounds.

Organic molecules containing thousands of atoms are known, and the arrangement of atoms
in even relatively small molecules can be very complicated. One of the major problems in or-
ganic chemistry is to find out how the atoms are arranged in molecules, that is, to determine the
structures of compounds.

There are many ways in which these complicated molecules can break apart, or rearrange them-
selves, to form new molecules; there are many ways in which atoms can be added to these molecules,
or new atoms substituted for old ones. Much of organic chemistry is devoted to finding out what
these reactions are, how they take place, and how they can be used to synthesize compounds we
want.
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What is so special about carbon that it should form so many compounds? The answer to this
question came to August Kekule in 1854 during a London bus ride.

“One fine summer evening, I was returning by the last omnibus, ‘outside’ as usual, through the deserted
streets of the metropolis, which are at other times so full of life. I fell into a reverie and lo! the atoms
were gambolling before my eyes... I saw how, frequently, two smaller atoms united to form a pair, how a
larger one embraced two smaller ones; how still larger ones kept hold of three or even four of the smaller;
whilst the whole kept whirling in a giddy dance. I saw how the larger ones formed a chain... I spent
part of the night putting on paper at least sketches of these dance forms.” -August Kekule, 1890.

Carbon atoms can attach themselves to one another to an extent not possible for atoms of
any other element. Carbon atoms can form chains thousands of atoms long, or rings of all sizes;
the chains and rings can have branches and cross-links. To the carbon atoms of these chains and
rings there are attached other atoms, chiefly hydrogen, but also fluorine, chlorine, bromine, iodine,
oxygen, nitrogen, sulfur, phosphorus, and many others.

Each different arrangement of atoms corresponds to a different compound, and each compound
has its own characteristic set of chemical and physical properties. It is not surprising that more
than ten million compounds of carbon are known today and that this number is growing by half
a million a year. It is not surprising that the study of their chemistry is a special field.

Organic chemistry is a field of immense importance to technology: it is the chemistry of dyes
and drugs, paper and ink, paints and plastics, gasoline and rubber tyres; it is the chemistry of the
food we eat and the clothing we wear.

Organic chemistry is fundamental to biology and medicine. Aside from water, living organ-
isms are made up chiefly of organic compounds; the molecules of “molecular biology” are organic
molecules. Biology, on the molecular level, is organic chemistry.

It is not farfetched to say that we are living in the Age of Carbon. Every day the newspapers
bring to our attention compounds of carbon: cholesterol and polyunsaturated fats, growth hor-
mones and steroids, insecticides and pheromones, carcinogens and chemotherapeutic agents, DNA
and genes. Wars are fought over petroleum. Twin catastrophes threaten us, both arising from the
accumulation in the atmosphere of compounds of carbon: depletion of the ozone layer, due chiefly
to the chlorofluorocarbons; and the greenhouse effect, due to methane, chlorofluorocarbons, and
most of all, carbon dioxide. It is perhaps symbolic that for 1990 the journal Science selected as the
molecule of the year diamond, one of the allotropic forms of carbon. And a runner up was another,
newly discovered allotrope of carbon, C60 buckminsterfullerene- which has generated excitement
in the chemical world not seen, it has been said, “since the days of Kekule”.

1.1 The beginning of organic chemistry - from the Wikipedia article on organic
chemistry

Before the nineteenth century, chemists generally believed that
compounds obtained from living organisms were too complex to be
synthesized. According to the concept of vitalism, organic matter
was endowed with a “vital force”. They named these compounds
“organic” and directed their investigations toward inorganic mate-
rials that seemed more easily studied.

In 1828 Friedrich Wohler produced the organic chemical urea
(carbamide), a constituent of urine, from the inorganic ammonium
cyanate NH4CNO, in what is now called the Wohler synthesis. Al-
though Wohler was always cautious about claiming that he had dis-
proved the theory of vital force, this event has often been thought
of as a turning point.
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2 Alkanes- Physical and Chemical Properties

2.1 Special properties of the carbon atoms

The ability of carbon to form an amazing variety of organic compounds is attributed to two of its properties-

• Catenation- the ability of carbon atoms to link with one another to form long chains, branches and rings.

• Tetravalency- the ability to form four covalent bonds, which makes it possible for carbon to form long chains
and still have unused electrons to bond with atoms of other elements.

The simplest organic compounds are the hydrocarbons, compounds which are made up of only carbon and
hydrogen. There are several families of hydrocarbons, out of which you will be learning about three- alkanes,
alkenes and alkynes. The simplest of them all are the alkanes, and the simplest alkane is a compound which you
already know- methane- which has only one carbon atom all four electrons of which are used to form bonds with
a hydrogen atom each. So methane has the molecular formula CH4.
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methane ethane propane

The next simplest compound in this family is ethane, which has two carbon atoms. Then propane, with three
carbon atoms linked to each other in a straight line. In all the alkanes, all the electrons of carbon atoms which are
not involved in forming a bond with other carbon atoms, are used to form a bond with hydrogen atoms. The table
on the next page lists some more alkanes along with some of their physical properties.

Q. Try drawing the structure of butane and pentane, by first drawing the carbon atoms and then filling
the vacant bonds with hydrogen atoms.

Q. Can you work out a general formula for alkanes, which should give you the molecular formula for any
alkane, given the number of carbon atoms n?

2.2 Physical properties

Alkanes, being nonpolar, do not conduct electricity nor do they dissolve in polar solvents like water. They mix with
each other and with other nonpolar compounds in all proportions.

The first few members of the alkane family exist as gases at room temperature, the next few liquids, and the
remaining solids. The melting and boiling points increases as the molecule becomes bigger. We have seen in the
chapter on chemical bonding, that methane is a symmetrical non-polar molecule. This is true of all the alkanes.
Some of them are not symmetric, but the individual C −H bonds also are too slightly polar to make a difference.
There are only weak van der Waal’s forces of attraction between alkane molecules, and this force increases with the
surface area of the molecule. (van der Waal’s forces are weak forces between non-polar molecules due to momentary
charge separation as the electrons move around the nuclei.)
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alkane molecular formula boiling point [oC] melting point [oC]
methane CH4 -162 -183
ethane C2H6 -89 -172
propane C3H8 -42 -188
butane C4H10 0 -138
pentane C5H12 36 -130
hexane C6H14 69 -95
heptane C7H16 98 -91
octane C8H18 126 -57
nonane C9H20 151 -54
decane C10H22 174 -30
undecane C11H24 196 -26
dodecane C12H26 216 -10
icosane C20H42 343 37
triacontane C30H62 450 66
tetracontane C40H82 525 82
pentacontane C50H102 575 91
hexacontane C60H122 625 100

2.3 Chemical Properties

Alkanes are rather unreactive, due to the almost nonpolar nature of the C −H bonds, and undergo reactions only
under extreme conditions or in the presence of very strong reagents. There are two such reactions that you need to
learn about.

1. Combustion or complete oxidation: All alkanes are inflammable, and catch fire when heated to their ignition
temperature in the presence of oxygen. It is a vigorous and sometimes violent reaction in which all C − C
and C −H bonds in the alkane are broken under the influence of oxygen.

CH4 + 2O2 −→ CO2 + 2H2O

2C2H6 + 7O2 −→ 4CO2 + 6H2O

2. Substitution: Alkanes react with chlorine in the presence of ultraviolet light. UV light is needed to split the
Cl2 molecules temporarily into highly reactive single chlorine atoms (also known as nascent chlorine) which
can then knock off a hydrogen atom from the alkane.

CH4 + Cl2
uv light−−−−−→ CH3Cl + HCl

If there is excess chlorine, more hydrogen atoms can be substituted, even all of them.

CH3Cl + Cl2
uv light−−−−−→ CH2Cl2 + HCl

CH2Cl2 + Cl2
uv light−−−−−→ CHCl3 + HCl

CHCl3 + Cl2
uv light−−−−−→ CCl4 + HCl

Similarly for ethane,

CH3 CH3 + Cl2
uv light−−−−−→ CH3 CH2 Cl + HCl
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2.4 Naming of alkanes

The rules for naming alkanes are very simple. The name consists of two parts- the prefix and the suffix. The prefix
indicates the number of carbon atoms in a molecule, and the suffix is always ‘-ane’. The suffix indicates the family
to which the compound belongs, and when we learn about other families, we will learn the other suffixes.

2.5 Branched chain alkanes

The alkanes that we have looked at so far were all simple. No matter how many carbon atoms there were in a single
molecule, they were all linked to each other in a single straight chain. But this is not the only way they can link to
each other. There can be branches in the chain, or they can wrap around to form a ring. We will only study the
branched chains.

Q. What is the smallest number of carbon atoms for which a branch in the chain is possible? Draw and
find out.

Q. In how many different ways can five carbon atoms link to each other? Draw all possible combinations.

With one and two carbon atoms, obviously there is no way to draw branches. What about three carbon atoms?
You might think there are multiple possibilities with three carbon atoms. For example, the two arrangements shown
below. But both structures (a) and (b) are actually one and the same. If you imagine yourself holding structure
(b) by its two ends and pulling, it will straighten out into structure (a).

C C C C C

C

(a) (b)

But with four carbon atoms, multiple arrangements becomes a possibility.

C C C C C C

C

C

(a) (b)

With four carbon atoms, structures (a) and (b) are no longer identical. With structure (b) there is no way you
can have four carbon atoms in a straight line. Whichever way you look at it, you end up with three carbon atoms
in a straight chain, and the fourth carbon atom in a branch attached to the second carbon atom in the straight
chain.

2.6 Naming of branched chain alkanes

We now have two possible structures for an alkane with four carbon atoms. According to the rules that we have
right now, both should be called butane. But that would create confusion. So we need some additional rules to
make sure that, when there are multiple arrangements of the same set of atoms possible, we have unique names for
them.

1. When we write the prefix of a compound’s name, we donot count the total number of carbon atoms in a
molecule, but the number of carbon atoms in the longest straight chain (the main chain) present in the
compound. This forms the root name of the compound, representing the main chain.

2. The other carbon atoms, which are not part of the main chain are represented separately as a prefix to the
root name. Depending on the number of carbon atoms in the branch, they are called methyl, ethyl, propyl
etc. In the prefix to the root name you should also mention the carbon atom in the main chain to which the
branch is attached.
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The rules may sound complicated, but a few examples will make it clearer.
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2-methyl propane 2-methyl butane 2,2-dimethyl propane

In the examples given above, note that the second one is 2-methyl propane and not 3-methyl propane. When
we write the number the location on the main chain to which the branch is attached, we start counting from that
side which gives us the lowest possible number.

Q. Draw the structure of (i)2,3-dimethyl butane (ii)1,2-dimethyl propane (iii)2-methyl 3-ethyl butane

Q. Is there any problem with the naming of the any of the above compounds?

3 Haloalkanes

Haloalkanes are a family of organic compounds which are obtained as a result of the substitution reaction of alkanes
that we learned about earlier. They are basically alkanes with one or more hydrogen atoms replaced with a halogen
atom.

We will not be learning about this family in detail but there is one thing that they are important for. Haloalkanes
undergo chemical reactions much more readily than alkanes, and the halogen can be replaced with a wide variety
of atoms or groups of atoms. So haloalkanes are intermediate products in the preparation of a variety of organic
compounds from the alkanes that we obtain from petroleum.

Though we will not be learning about them in detail, you will encounter haloalkanes as the reactants from which
other compounds are prepared.

3.1 Naming of haloalkanes

Haloalkanes are named very much like alkanes, except that we indicate the presence of halogen atoms in the prefix
of the name. Consider the following examples.
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Cl CH2

Cl

CH2

Cl

chloromethane 1,2-dichloroethane

CH3 CH

Cl

Cl CH2

Cl

CH2

F

1,1-dichloroethane 2-chloro 1-fluoroethane

With these compounds, as with alkanes, you first identify the longest continuous chain of carbon atoms, and
frame the root name according to it. Then mention all the halogen atoms along with their location on the main
chain.
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Note that in the last example, we could have given the lower number to fluorine or chlorine. In such cases, when
two different alkanes are competing for the same smaller number, we assign the small number to the more reactive
or the more electronegative halogen, in this case fluorine.

3.1.1 Common names

Simple haloalkanes with only one halogen atom like chloromethane and chloroethane are also known as methyl
chloride, ethyl chloride etc.

4 Alkenes and Alkynes

We have already seen that carbon atoms can be arranged in a variety of ways. But in all those cases we considered
only arrangements where any two carbon atoms shared exactly one pair of electrons between them. But a particular
pair of carbon atoms can share 2 or 3 pairs of carbon atoms too, leaving fewer bonds available for other atoms than
in the case of alkanes.

C C C C

Q. Do you think there could be four bonds between a pair of carbon atoms?

The simplest of these compounds are the ones which have exactly one double bond or one triple bond. They
are called alkenes(double bond) and alkynes(triple bond) respectively.

4.1 Alkenes

Some of the simplest alkenes and their names are given below.

CH2 CH2 CH3 CH CH2

ethene propene

CH3 CH2 CH CH2 CH3 CH CH CH3

butene but-2-ene

Note that the last two alkenes are isomers of each other, both butenes. The only difference is in the position
of the double bond. Since the double bond can be between any two carbon atoms in the main chain, we need to
specify the position of the double bond if it is not at one end. If the double bond is between the 2nd and 3rd
carbon atoms, we suffix the name with ‘-2-ene’; if it is between the 3rd and 4th carbon atoms we suffix the name
with ‘-3-ene’ and so on. If no number is mentioned, that means the double bond is between the 1st and 2nd carbon
atoms, at one end of the main chain.

There can also be alkenes with more than one double bond. For example,

CH2 C CH2 CH2 CH CH CH2 CH2 C CH CH3

propa-1,2-diene buta-1,3-diene buta-1,2-diene

but we will be learning only about simple alkenes with exactly one double bond.

Q. Can you figure out the general formula for any alkene with exactly one double bond?
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4.2 Alkynes

Alkynes are named in a manner very similar to alkenes, except that the suffix is ‘yne’ instead of ’ene’.

Q. Draw the structure of the first 3 alkynes and name them.

Q. Can any of them have isomers? If yes, draw the structure of the isomer and name it.

Q. Can you figure out the general formula for any alkyne with exactly one triple bond?

4.3 Natural occurrence and Uses of alkenes and alkynes

Alkenes: Ethene, the simplest alkene, is present in small quantities in plants as a hormone. It regulates the
ripening of fruits, opening of flowers and the shedding of leaves. Commercially produced ethene is used for the
artificial ripening of fruits, and for the production of poly-ethene or polythene, one of the most common plastics.
Apart from ethene, some more complex alkenes are found in oils obtained from plants.

Alkynes: Ethyne is rarely found on earth in nature. It is found in the atmospheres of planets which are gas
giants. Ethyne is commercially prepared, mainly for use in the oxy-acetylene flames for welding (acetylene is the
common name for ethyne). More complex alkynes are sometimes found in plant secretions.

compound common name uses
ethene ethylene artificial ripening of fruits, manufacture of polythene
ethyne acetylene used in oxy-acetylene flame for welding

4.4 Physical properties

Alkenes and alkynes are also rather nonpolar in nature. They do not mix with water, but mix with organic solvents.
The lower alkenes and alkynes are gases, and as the carbon chain becomes larger, the compounds exist mostly as
liquids and solids at room temperature, due to the increase in van der Waal’s forces.

4.5 Chemical Properties

The reactions of alkenes and alkynes are similar, and are related to the presence of double or triple bonds between
carbon atoms. Double or triple bonds mean a high concentration of electrons around the pair of carbon atoms
involved in the bond. This arrangement is more potent for taking part in a chemical reaction than single bonds. If
there is an atom or a group that is attracted towards electrons, they can interact with these electrons opening up
the multiple bonds. This kind of reaction is called addition. The following reactions are all examples of addition.

4.5.1 Addition of hydrogen

An alkene or an alkyne can undergo addition of hydrogen, in the presence of a catalyst (Ni/Pd). The double bond
breaks and these electrons form new bonds with the added hydrogen atoms, to become an alkane.

CH2 CH2 + H2
nickel−−−−→ CH3 CH3

CH CH + 2H2
nickel−−−−→ CH3 CH3

4.5.2 Addition of halogen

Addition of halogen takes place more vigorously, without the need for a catalyst, to produce haloalkanes.

CH2 CH2 + Cl2 −→ CH2

Cl

CH2

Cl
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CH CH + 2Cl2 −→ CHCl

Cl

CH

Cl

Cl

Q. Name the products in the above reactions.

Since more atoms can be “added” onto an alkene or alkyne, they are called unsaturated compounds. Com-
pounds having only single bonds between carbon atoms are called saturated compounds.

5 Alcohols

So far we have learnt about three families of compounds, all hydrocarbons, all containing only carbon and hydrogen
atoms, but distinguished from each other by the kind of bonding between carbon atoms. Now we will look at
alcohols, a family of organic compounds, that contain oxygen atoms also.

Just like we did for haloalkanes, we will look at alcohols too as derivatives of alkanes. In alcohols, it is a hydroxyl
or -OH group that substitutes a hydrogen of the alkane.

The simplest of these compounds are the ones which have exactly one double bond or one triple bond. They
are called alkenes(double bond) and alkynes(triple bond) respectively.

5.1 Common alcohols - naming and uses

Some of the simplest alcohols are given below.

C

H

H

H

O H CH3 CH2 OH

methanol ethanol

CH3 CH2 CH2 OH CH3 CH

OH

CH3

propanol propan-2-ol

The names of alkanes end with the suffix ‘-ol’. It refers to the presence of a hydroxyl group on the main chain. If
the hydroxyl group is not attached to the end carbon atom, you need to mention the position of the hydroxyl group.
Many familiar substances with their names ending in ‘-ol’, for example- dettol, paracetamol, phenol, cholesterol,
glycerol etc. actually get their name from the hydroxyl group(s) present in them.

Ethanol is the most important alcohol- it is used as an industrial solvent, a fuel sometimes mixed with petrol
and in beverages. Ethanol meant for industrial purposes, is mixed with a small amount of methanol or copper
sulfate to make it poisonous so that it won’t be misused for drinking. This mixture is called denatured alcohol.

compound common name uses
ethanol ethyl alcohol solvent, fuel, beverages

methanol methyl alcohol used as a fuel, also for denaturing ethanol

5.2 Physical properties

Ethanol is a polar covalent compound, due to the polarity of the O-H bond. Because of this, it mixes well with
water and can dissolve ionic compounds like sodium chloride. Having a nonpolar part (the carbon chain), it can
also mix with nonpolar substances. The lower alcohols are liquids at room temperature, and the higher alcohols
with a large number of carbon atoms exist as solids at room temperature.
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5.3 Chemical properties

The reactions of alcohols are all related to the presence of the hydroxyl group. Since the C-C and C-H bonds
are themselves quite unreactive, and it is the other atoms attached to the chain that give the compound special
properties, these groups are called functional groups. The functional group in alcohols is the O-H group.

5.3.1 Weakly acidic nature of alcohols

One common misconception is that alcohols are alkaline, since they have an -OH group. But the -OH group in
organic compounds behaves differently from the hydroxide (OH−) ions in inorganic chemistry. Let us look closely
at methanol, the simplest alcohol.

C

H

H

H

O H

The oxygen atom is attached to a hydrogen and a carbon. It is the O-H bond that is more polar than the O-C
bond. So it is the O-H bond that is likely to ionize as

CH3OH −→ CH3O− + H+

and not

CH3OH −→ CH+
3 + OH−

This ionization happens to very small extents in pure alcohol, just like water. But in the presence of a strong
reducing agent like the alkali metals, an alcohol like ethanol reacts to give ethoxide of the alkali metal, and hy-
drogen gas. Just like water reacts with alkali metals to give hydroxide of the metal and hydrogen gas.

2 CH3 O H + 2 Na −→ 2 CH3 O−Na+ + H2

2 CH3CH2 O H + 2 Na −→ 2 CH3CH2 O−Na+ + H2

2 H O H + 2 Na −→ 2 H O−Na+ + H2

5.3.2 Combustion

Alcohols, being good fuels, burn to give carbon dioxide and water vapour as the only products.

2CH3OH + 3O2 −→ 2CO2 + 4H2O

CH3CH2OH + 3O2 −→ 2CO2 + 3H2O

5.3.3 Dehydration

Alcohols can be dehydrated, ie. a water molecule can be removed from them, to form the corresponding alkene.
This reaction requires the presence of a dehydrating agent, like concentrated sulphuric acid.

CH3CH2OH
conc. H2SO4−−−−−−−−→ CH2 CH2 + H2O

This is used as a method of preparing alkenes in the laboratory.
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6 Carboxylic acids

Carboxylic acids are a family of compounds that contain the functional group C

O

OH

.

The simplest carboxylic acids are shown below.

H C

O

OH

CH3 C

O

OH

methanoic acid ethanoic acid

The names of carboxylic acids end with the suffix ‘-oic acid’. Note that unlike alcohols, the functional group
in the case of carboxylic acids contains a carbon atom, and that carbon atom is also counted as part of the main
chain. The functional group is called the carboxyl group. Methanoic acid is also commonly known as formic acid,
and ethanoic acid is known as acetic acid.

compound common name uses
ethanoic acid acetic acid vinegar, cleaning agent

methanoic acid formic acid preservative, anti-bacterial agent

6.0.4 Ionization of carboxylic acids

As in alcohols, the O-H bond is the most polar, and is the one which ionizes. But acids ionize to a much greater
extent than alcohols, the difference being the C=O which makes the ion more stable than in the case of alcohols.

H C

O

OH

+ H2O −→ H C

O

O−

+ H3O+

methanoic acid methanoate ion

CH3 C

O

OH

+ H2O −→ CH3 C

O

O−

+ H3O+

ethanoic acid ethanoate ion

6.1 Physical properties

Carboxylic acids are polar componds, mainly due to the polarity of the O-H bond, and hence mix with water and
other polar componds. Since they ionize well, they are also conduct electricity when dissolved in water. The lower
carboxylic acids are liquids at room temperature while the higher ones are solids.

6.2 Chemical properties

6.2.1 Reaction with alkalis

Being acidic, carboxylic acids react with alkalis to form salt and water, just like the inorganic neutralisation reactions.

CH3 C

O

OH

+ NaOH −→ CH3 C

O

O−

Na+ + H2O
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The same reaction can be written using condensed formulae as

CH3COOH + NaOH −→ CH3COONa + H2O

The sodium salt of ethanoic acid is called sodium ethanoate. It is also commonly known as sodium acetate.

6.2.2 Reaction with alcohols - Esterification

Carboxylic acids react with alcohols in the presence of a dehyadrating agent, to form a family of compounds called
esters, which are the compounds responsible for giving flavours and scents to fruits and flowers.

CH3COOH + CH3OH −→ CH3COOCH3 + H2O

The ester formed by the reaction of ethanoic acid with methanol is called methyl ethanoate. This reaction looks
deceptively similar to the inorganic neutralisation, but remember that alcohols donot ionise to give hydroxide ions.
It is a more complex reaction that is taking place, but you may think of it as analogous to neutralisation for ease
of remembering.

7 Laboratory preparation of organic compounds

7.1 Alkanes

Alkanes are available in nature abundantly, but sometimes we need to prepare it in small amounts in the laboratory.
The following processes are commonly used to prepare alkanes.

7.1.1 Decarboxylation

The name ’decarboxylation’ refers to the removal of a carboxyl group from a compound. So the compound we start
with must have a carboxyl group. It’s not a carboxylic acid that is used, but a salt of a carboxylic acid. Which
acid you choose depends on which alkane you want to prepare. For example, methane is prepared from sodium
ethanoate, ethane from sodium propanoate and so on.

CH3COONa + NaOH
CaO,300oC−−−−−−−→ CH4 + Na2CO3

C2H5COONa + NaOH
CaO,300oC−−−−−−−→ C2H6 + Na2CO3

The mixture of calcium oxide and sodium hydroxide that is used is called soda-lime.

7.1.2 Reduction of haloalkanes

Haloalkanes can be reduced by treatment with zinc amalgam(zinc dissolved in mercury) in ethyl alcohol. This
particular mixture releases nascent hydrogen which can readily react with the haloalkane.

CH3I + 2[H]
Zn/Hg−C2H5OH−−−−−−−−−−−−→ CH4 + HI

C2H5Br + 2[H]
Zn/Hg−C2H5OH−−−−−−−−−−−−→ C2H6 + HBr

7.2 Alkenes

7.2.1 Dehydration of alcohols

Alkenes can be prepared by the action of dehydrating agents on alcohols.

CH3CH2OH
conc. H2SO4−−−−−−−−→ CH2 CH2 + H2O
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CH3CH2CH2OH
conc. H2SO4−−−−−−−−→ CH3CH2 CH2 + H2O

7.2.2 Dehydrohalogenation of haloalkanes

As the name suggests, in this method a hydrogen and a halogen are removed from a haloalkane. The reaction
happens in the presence of a strong base in alcoholic medium. If the reaction is carried out in an aqueous solution
of the base, a different reaction happens, as we will see later.

CH3CH2Cl + NaOH(alc) −→ CH2 CH2 + NaCl + H2O

You can look at this reaction as if the strong base is extracting the hydrogen and halogen, which together is an
acid, and then reacting with the acid to form salt and water, leaving behind an alkene.

7.3 Alkynes

7.3.1 Preparation of ethyne from calcium carbide

This is a method of preparation specific to ethyne. None of the other alkynes can be prepared using this method.

CaC2 + H2O −→ CH CH + Ca(OH)2

The carbide ion has the structure −C C−. When it comes in contact with water, hydrogen ions combine
with the carbide ion to form ethyne HC CH. and the hydroxide ions combine with calcium. You can think of
it as a double displacement reaction.

7.3.2 Dehydrohalogenation of haloalkanes

Alkynes can also be prepared by the dehydrohalogenation of haloalkanes with two halogen atoms attached to ad-
jacent carbon atoms.

CH2

Cl

CH2

Cl

+ 2NaOH(alc) −→ CH CH + 2NaCl + 2H2O

7.4 Alcohols

7.4.1 Hydrolysis of haloalkane

We have learnt earlier that the halogen atoms in a haloalkane are easily substituted by a variety of atoms and
groups. In this reaction, a haloalkane reacts with an aqueous solution of a base, and the hydroxide ions replace the
halogen atoms.

CH3Cl + NaOH(aq) −→ CH3OH + NaCl

7.4.2 Hydration of alkene

This is a kind of the reverse of the reaction where an alcohol is dehydrated into an alkene. It is a complex reaction
and involves two steps, first treatment with concentrated sulphuric acid, and then with water.

CH2 CH2 + H2O
conc. H2SO4−−−−−−−−→ CH3CH2OH

7.5 Carboxylic acids

7.5.1 Oxidation of alcohols

Carboxylic acids are prepared by the oxidation of alcohols, in the presence of a suitable oxidising agent like KMnO4

or K2Cr2O7.
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CH3OH + 2[O]
KMnO4−−−−−→ HCOOH + H2O

CH3CH2OH + 2[O]
KMnO4−−−−−→ CH3COOH + H2O

8 Other families of organic compounds

We’ve looked at the important families that you need to learn about in detail, but there are still many more families
of organic compounds. You need to know some of them, and how they are named.

8.1 Aldehydes and Ketones

Aldehydes and ketones are both compounds with the functional group C

O

. In ketones, both the vacant
bonds are connected to a chain of carbon atoms. The simplest ketone is the one shown below, with three carbon
atoms, the middle one with contains the functional group, and one on either side. It is called propanone (common
name acetone). Some other simple ketones are shown below.

CH3 C

O

CH3 CH3 CH2 C

O

CH3

propanone butanone

CH3 CH2 CH2 C

O

CH3 CH3 CH2 C

O

CH2 CH3

pentan-2-one pentan-3-one

When there are isomeric structures possible, you need to mention the position of the ‘keto’ group.
Aldehydes are different from ketones in that one the vacant bonds of the ‘keto’ group is always attached to a

hydrogen. This makes it the aldehydic group C

O

H, which always appears at the end of a carbon chain.
Some of the simple aldehydes are given below.

H C

O

H CH3 C

O

H CH3 CH2 C

O

H

methanal ethanal propanal

Both aldehydes and ketones have similar physical and chemical properties, due to the similar functional groups
that they have. The following table gives the uses of common aldehydes and ketones.

compound common name uses
propanone acetone organic solvent (used in things like nail polish remover)
methanal formaldehyde aqueous solution used in preserving specimens of organisms
ethanal acetaldehyde used in the manufacture of polymers

8.2 Ethers

Ethers are a family of compounds with the functional group O , with two carbon chains attached to the two
vacant bonds in oxygen. Examples of simple ethers are given below.
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CH3 O CH3 CH3 CH2 O CH3

methoxy methane methoxy ethane

CH3 CH2 CH2 O CH3 CH3 CH2 O CH2 CH3

methoxy propane ethoxy ethane

Did you figure out how ethers are named? They are named as derivatives of the alkane corresponding to the
longer of the two chains attached to the oxygen atom. The other chain- the shorter one- along with oxygen, is
named as methoxy, ethoxy etc. and appears in the prefix to the root name.

9 Isomerism

We have already seen that there can be organic compounds having the same molecular formula but different
arrangement of atoms, and that these are called isomers. But there are different kinds of isomers, and this section
we will study them systematically.

9.1 Chain isomers

The first kind of isomerism that we encountered, was in branched chain alkanes. For example, butane and 2-methyl
propane. The difference was in the way carbon atoms were linked to each other.

CH3 CH2 CH2 CH3 and CH3 CH

CH3

CH3

9.2 Positional isomers

The second kind of isomerism that we have encountered, was in the case of alkenes, alkynes and alcohols, where the
position of the double bond, triple bond or the hydroxyl group were different. For example, butene and but-2-ene,
propanol and propan-2-ol.

CH3 CH2 CH CH2 and CH3 CH CH CH3

CH3 CH2 CH2 OH and CH3 CH

OH

CH3

The difference between the isomers in this case is the position of the functional group (or multiple bonds as the
case may be), and they are called positional isomers.

9.3 Functional isomers

In both the previous kinds of isomerism, the isomers belonged to the same family of compounds. In functional
isom‘erism, we come across two or more compounds, who have the same molecular formula, but contain different
functional groups and thereby belong to different families of compounds. Examples of functional isomers are given
below.

CH3 CH2 OH and CH3 O CH3

CH3 CH2 C

O

H and CH3 C

O

CH3
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10 Organic Chemistry nomenclature: a summary

10.1 IUPAC Rules for naming organic compounds

• Root name

– suffix of root name: represents type of bonding in hydrocarbons and the functional group in compounds
belonging to other families

– prefix of root name: represents the number of carbon atoms in the longest chain

• Prefix

– indicates the different groups attached to the longest chain, and their position

– to find the position of any group, the longest chain must be numbered such that the groups get the lowest
possible number

– if there are more than one group they should be arranged in the alphabetical order

10.2 Drawing the structure from the name of the compound

• Look at the root name and draw the longest carbon chain, including the functional group if any. Draw only
the carbon atoms, you should fill in the hydrogen atoms only at the very end.

• Number the carbon atoms from the end nearest to the functional group, or double or triple bond.

• Add the groups mentioned in the prefix, to the appropriate carbon atoms in the main chain.

• Now, for each carbon atom in the main chain, fill in all the available bonds with hydrogen atoms.

10.3 Homologous Series (Families of Compounds)

Homologous Series Suffix General name
C-C Alkane -ane alkane
C=C Alkene -ene alkene
C≡C Alkyne -yne alkyne
-OH Alcohol -ol alkanol
-CHO Aldehyle -al alkanal
-COOH Carboxylic acid -oic acid alkanoic acid
-CO- Ketone -one alkanone
-O- Ether alkoxyalkane

10.4 Order of Priority for Functional Groups

In case there is more than one functional group in the same compound, the numbering of carbon atom is done
according to this priority.

-COOH > -CHO > -CO- > -OH > C=C > C≡C > -Cl,I,Br
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11 The Organic Chemistry Landscape
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The above diagram summarises most of the chemical reactions in organic chemistry that you need to learn about.
Reactions in organic chemistry can be thought of as means to convert one family of compounds into another.
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