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Foreword

The National Curriculum Framework (NCF), 2005 recommends that children’s life at 
school must be linked to their life outside the school. This principle marks a departure 
from the legacy of bookish learning which continues to shape our system and causes 
a gap between the school, home and community. The syllabi and textbooks developed 
on the basis of NCF signify an attempt to implement this basic idea. They also attempt 
to discourage rote learning and the maintenance of sharp boundaries between different 
subject areas. We hope these measures will take us significantly further in the direction 
of a child-centred system of education outlined in the National Policy on Education 
(1986). 

The success of this effort depends on the steps that school principals and 
teachers will take to encourage children to reflect on their own learning and to 
pursue imaginative activities and questions. We must recognise that, given space, 
time and freedom, children generate new knowledge by engaging with the information 
passed on to them by adults. Treating the prescribed textbook as the sole basis of 
examination is one of the key reasons why other resources and sites of learning 
are ignored. Inculcating creativity and initiative is possible if we perceive and treat 
children as participants in learning, not as receivers of a fixed body of knowledge.

These aims imply considerable change in school routines and mode of functioning. 
Flexibility in the daily time-table is as necessary as rigour in implementing the 
annual calender so that the required number of teaching days are actually devoted 
to teaching. The methods used for teaching and evaluation will also determine how 
effective this textbook proves for making children’s life at school a happy experience, 
rather than a source of stress or boredom. Syllabus designers have tried to address 
the problem of curricular burden by restructuring and reorienting knowledge at 
different stages with greater consideration for child psychology and the time available 
for teaching. The textbook attempts to enhance this endeavour by giving higher 
priority and space to opportunities for contemplation and wondering, discussion 
in small groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates 
the hard work done by the textbook development committee responsible for this 
book. We wish to thank the Chairperson of the advisory group in science and 
mathematics, Professor J.V. Narlikar and the Chief Advisor for this book, Professor B. 
L. Khandelwal for guiding the work of this committee. Several teachers contributed 
to the development of this textbook; we are grateful to their principals for making 
this possible. We are indebted to the institutions and organisations which have 
generously permitted us to draw upon their resources, material and personnel. 
We are especially grateful to the members of the National Monitoring Committee, 
appointed by the Department of Secondary and Higher Education, Ministry of 
Human Resource Development under the Chairpersonship of Professor Mrinal 
Miri and Professor G.P. Deshpande, for their valuable time and contribution. As 
an organisation committed to systemic reform and continuous improvement in the 
quality of its products, NCERT welcomes comments and suggestions which will 
enable us to undertake further revision and refinement.

	 Director
New Delhi	 National Council of Educational 
20 December 2005	 Research and Training
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Rationalisation of Content in the Textbook

In view of the COVID-19 pandemic, it is imperative to reduce 
content load on students. The National Education Policy 2020, 
also emphasises reducing the content load and providing 
opportunities for experiential learning with creative mindset. 
In this background, the NCERT has undertaken the exercise to 
rationalise the textbooks across all classes. Learning Outcomes 
already developed by the NCERT across classes have been taken 
into consideration in this exercise.
Contents of the textbooks have been rationalised in view of 
the following:
•	 Overlapping with similar content included in other subject 

areas in the same class

•	 Similar content included in the lower or higher class in the 
same subject

•	 Difficulty level

•	 Content, which is easily accessible to students without much 
interventions from teachers and can be learned by children 
through self-learning or peer-learning

•	 Content, which is irrelevant in the present context

This present edition, is a reformatted version after carrying out 
the changes given above.
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235REDOX REACTIONS

Chemistry deals with varieties of matter and change 
of one kind of matter into the other. Transformation of 
matter from one kind into another occurs through the 
various types of reactions. One important category of such 
reactions is Redox Reactions. A number of phenomena, 
both physical as well as biological, are concerned with 
redox reactions. These reactions find extensive use in 
pharmaceutical, biological, industrial, metallurgical and 
agricultural areas. The importance of these reactions is 
apparent from the fact that burning of different types of 
fuels for obtaining energy for domestic, transport and 
other commercial purposes, electrochemical processes 
for extraction of highly reactive metals and non-metals, 
manufacturing of  chemical  compounds like  caustic 
soda, operation of dry and wet batteries and corrosion of 
metals fall within the purview of redox processes. Of late, 
environmental issues like Hydrogen Economy (use of 
liquid hydrogen as fuel) and development of ‘Ozone Hole’
have started figuring under redox phenomenon. 

7.1	 CLASSICAL IDEA OF REDOX REACTIONS –
OXIDATION AND REDUCTION REACTIONS

Originally, the term oxidation was used to describe the 
addition of oxygen to an element or a compound. Because 
of the presence of dioxygen in the atmosphere (~20%), 
many elements combine with it and this is the principal 
reason why they commonly occur on the earth in the 
form of their oxides. The following reactions represent 
oxidation processes according to the limited definition of 
oxidation: 
2 Mg (s)  +  O2 (g)  →  2 MgO (s) (7.1)

S (s) + O2 (g)  →  SO2 (g) (7.2)

After studying this unit you will be 
able to 

� identify redox reactions as a class 
of reactions in which oxidation 
and reduction reactions occur 
simultaneously; 

� define the terms oxidation, 
reduction, oxidant (oxidising 
agent) and reductant (reducing 
agent); 

� explain mechanism of redox 
reactions by electron transfer 
process;

� use  the concept of oxidation
number to identify oxidant and 
reductant in a reaction;

� classify redox reaction into 
combinat ion (synthes is ) , 
decomposition, displacement 
a n d  d i s p r o p o r t i o n a t i o n 
reactions; 

� suggest a comparative order 
among various reductants and 
oxidants; 

� balance chemical equations 
using (i) oxidation number 
(ii) half reaction method;

� learn the concept of redox 
reactions in terms of electrode 
processes.

UNIT 7

REDOX REACTIONS

Where there is oxidation, there is always reduction – 
Chemistry is essentially a study of redox systems.
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236 CHEMISTRY

In reactions (7.1) and (7.2), the elements 
magnesium and sulphur are oxidised on 
account of addition of oxygen to them. 
Similarly,  methane is oxidised owing to the 
addition of oxygen to it.

CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l) (7.3)

A careful examination of reaction (7.3) in 
which hydrogen has been replaced by oxygen 
prompted chemists to reinterpret oxidation 
in terms of removal of hydrogen from it and, 
therefore, the scope of term oxidation was 
broadened to include the removal of hydrogen 
from a substance. The following illustration is 
another reaction where removal of hydrogen 
can also be cited as an oxidation reaction. 

2 H2S(g) + O2 (g) → 2 S (s) + 2 H2O (l) (7.4)

As knowledge of chemists grew, it was 
natural to extend the term oxidation for 
reactions similar to (7.1 to 7.4), which do 
not involve oxygen but other electronegative 
elements. The oxidation of magnesium with 
fluorine, chlorine and sulphur etc. occurs 
according to the following reactions : 

Mg (s) + F2 (g) → MgF2 (s) (7.5)

Mg (s) + Cl2 (g) → MgCl2 (s) (7.6)

Mg (s) + S (s) → MgS (s) (7.7)

Incorporating the reactions (7.5 to 
7.7) within the fold of oxidation reactions  
encouraged chemists to consider not only 
the removal of hydrogen as oxidation, but 
also the removal of electropositive elements 
as oxidation. Thus the reaction : 

2K4 [Fe(CN)6](aq) + H2O2 (aq) →2K3[Fe(CN)6](aq)
+ 2 KOH (aq)

is interpreted as oxidation due to the removal 
of electropositive element potassium from 
potassium ferrocyanide before it changes to 
potassium ferricyanide. To summarise, the 
term “oxidation” is defined as the addition 
of oxygen/electronegative element to 
a substance or removal of hydrogen/
electropositive element from a substance.

In the beginning, reduction was considered 
as removal of oxygen from a compound. 
However, the term reduction has been 

broadened these days to include removal 
of oxygen/electronegative element from 
a substance or addition of hydrogen/
electropositive element to a substance. 

According to the definition given above, 
the following are the examples of reduction 
processes:

2 HgO (s)   2 Hg (l) + O2 (g) (7.8)

(removal of oxygen from mercuric oxide )
2 FeCl3 (aq) + H2 (g) →2 FeCl2 (aq) + 2 HCl(aq)

(7.9)
(removal of electronegative element, chlorine 
from ferric chloride)
CH2 = CH2 (g) + H2 (g) → H3C – CH3 (g) (7.10)
(addition of hydrogen)
2HgCl2 (aq) + SnCl2 (aq) → Hg2Cl2 (s)+SnCl4 (aq)

(7.11)
(addition of mercury to mercuric chloride)

In reaction (7.11) simultaneous oxidation 
of stannous chloride to stannic chloride is 
also occurring because of the addition of 
electronegative element chlorine to it. It was 
soon realised that oxidation and reduction 
always occur simultaneously (as will be 
apparent by re-examining all the equations 
given above), hence, the word “redox” was 
coined for this class of chemical reactions. 

Problem 7.1

In the reactions given below, identify 
the species undergoing oxidation and 
reduction: 

(i) H2S (g) + Cl2 (g) → 2 HCl (g) + S (s)

(ii) 3Fe3O4 (s) + 8 Al (s) → 9 Fe (s)

+ 4Al2O3 (s)

(iii) 2 Na (s) + H2 (g) → 2 NaH (s)

Solution

(i) H2S is oxidised because a more
electronegative element, chlorine is added
to hydrogen (or a more electropositive
element, hydrogen has been removed
from S). Chlorine is reduced due to
addition of hydrogen to it.

(ii) Aluminium is oxidised because
oxygen is added to it. Ferrous ferric oxide
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237REDOX REACTIONS

(Fe3O4) is reduced because oxygen has 
been removed from it. 

(iii)  With the careful application of the 
concept of electronegativity only we 
may infer that sodium is oxidised and 
hydrogen is reduced. 

Reaction (iii) chosen here prompts us to 
think in terms of another way to define 
redox reactions. 

7.2 REDOX REACTIONS IN TERMS OF
ELECTRON  TRANSFER REACTIONS

We have already learnt that the reactions 

2Na(s) + Cl2(g) →  2NaCl (s) (7.12)

4Na(s) + O2(g) →  2Na2O(s) (7.13)

2Na(s) + S(s) →  Na2S(s) (7.14)

are redox reactions because in each of these 
reactions sodium is oxidised due to the addition 
of either oxygen or more electronegative 
element to sodium. Simultaneously, chlorine, 
oxygen and sulphur are reduced because to 
each of these, the electropositive element 
sodium has been added. From our knowledge 
of chemical bonding we also know that sodium 
chloride, sodium oxide and sodium sulphide 
are ionic compounds and perhaps better 
written as Na+Cl– (s), (Na+)2O

2–(s), and (Na+)2
S2–(s). Development of charges on the species 
produced suggests us to rewrite the reactions 
(7.12 to 7.14) in the following manner : 

For convenience, each of the above 
processes can be considered as two separate 
steps, one involving the loss of electrons 
and the other the gain of electrons. As an 
illustration, we may further elaborate one of 
these, say, the formation of  sodium chloride. 

2 Na(s) → 2 Na+(g)   +   2e–

Cl2(g) + 2e– → 2 Cl–(g)

Each of the above steps is called a half 
reaction, which explicitly shows involvement 
of electrons. Sum of the half reactions gives 
the overall reaction : 

2 Na(s) + Cl2 (g)  → 2 Na+ Cl– (s) or 2 NaCl (s)

Reactions 7.12 to 7.14 suggest that half 
reactions that involve loss of electrons are 
called oxidation reactions. Similarly, the 
half reactions that involve gain of electrons 
are called reduction reactions.  It may not 
be out of context to mention here that the 
new way of defining oxidation and reduction 
has been achieved only by establishing a 
correlation between the behaviour of species 
as per the classical idea and their interplay 
in electron-transfer change. In reactions (7.12 
to 7.14) sodium, which is oxidised, acts as 
a reducing agent because it donates electron 
to each of the elements interacting with it and 
thus helps in reducing them. Chlorine, oxygen 
and sulphur are reduced and act as oxidising 
agents because these accept electrons from 
sodium. To summarise, we may mention that 

Oxidation : Loss of electron(s) by any species.

Reduction : Gain of electron(s) by any species.

Oxidising agent : Acceptor of electron(s).

Reducing agent : Donor of electron(s).

Problem 7.2  Justify that the reaction:

2 Na(s) + H2(g) →  2 NaH (s) is a redox 
change.

Solution

Since in the above reaction the compound 
formed is an ionic compound, which may 
also be represented as Na+H– (s), this 
suggests that one half reaction in this 
process is : 

2 Na (s) → 2 Na+(g)  +   2e–
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238 CHEMISTRY

and the other half reaction is: 

H2 (g) + 2e– →  2 H–(g)

This splitting of the reaction under 
examination into two half reactions 
automatically reveals that here sodium 
is oxidised and hydrogen is reduced, 
therefore, the complete reaction is a 
redox change. 

7.2.1 Competitive Electron Transfer 
Reactions

Place a strip of metallic zinc in an aqueous 
solution of copper nitrate as shown in Fig. 
7.1, for about one hour. You may notice 
that the  strip becomes coated with reddish 
metallic copper and the blue colour of the 
solution disappears. Formation of  Zn2+ ions 
among the products can easily be  judged 
when the blue colour of the solution due to 
Cu2+ has disappeared. If hydrogen sulphide 
gas is passed through the colourless solution 
containing Zn2+ ions, appearance of white zinc 
sulphide, ZnS can be seen on making the 
solution alkaline with ammonia. 

The reaction between metallic zinc and the 
aqueous solution of copper nitrate is : 

Zn(s) + Cu2+ (aq) → Zn2+ (aq) + Cu(s)     (7.15)

In reaction (7.15), zinc has lost electrons 
to form Zn2+ and, therefore, zinc is oxidised. 
Evidently, now if zinc is oxidised, releasing 
electrons, something must be reduced, 
accepting the electrons lost by zinc. Copper 
ion is reduced by gaining electrons from the zinc. 

Reaction (7.15) may be rewritten as : 

At this stage we may investigate the state 
of equilibrium for the reaction represented by 
equation (7.15). For this purpose, let us place 
a strip of metallic copper in a zinc sulphate 
solution. No visible reaction is noticed and 
attempt to detect the presence of Cu2+ ions 
by passing H2S gas through the solution to 
produce the black colour of cupric sulphide, 
CuS, does not succeed. Cupric sulphide has 
such a low solubility that this is an extremely 
sensitive test; yet the amount of Cu2+ formed 
cannot be detected. We thus conclude that 
the state of equilibrium for the reaction (7.15) 
greatly favours the products over the reactants. 

Let us extend electron transfer reaction 
now to copper metal and silver nitrate solution 
in water and arrange a set-up as shown in 
Fig. 7.2. The solution develops blue colour 
due to the formation of Cu2+ ions on account 
of the reaction:

Fig. 7.1  Redox reaction between zinc and aqueous solution of copper nitrate occurring in a beaker.

(7.16)

Here, Cu(s) is oxidised to Cu2+(aq) and 
Ag+(aq) is reduced to Ag(s). Equilibrium greatly 
favours the products Cu2+ (aq) and Ag(s).

By way of contrast, let us also compare 
the reaction of metallic cobalt placed in nickel 
sulphate solution. The reaction that occurs 
here is : 

(7.17)
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239REDOX REACTIONS

Fig. 7.2  Redox reaction between copper and aqueous solution of silver nitrate occurring in a beaker. 

At equilibrium, chemical tests reveal that both 
Ni2+(aq) and Co2+(aq)  are present at moderate 
concentrations. In this case, neither the 
reactants [Co(s) and Ni2+(aq)] nor the products 
[Co2+(aq) and Ni (s)] are greatly favoured. 

This competition for release of electrons 
incidently reminds us of the competition for 
release of  protons among acids.  The similarity 
suggests that we might develop a table in 
which metals and their ions are listed  on the 
basis of their tendency to release electrons 
just as we do in the case of acids to indicate 
the strength of the acids. As a matter of fact 
we have already made certain comparisons. 
By comparison we have come to know that 
zinc releases electrons to copper and copper 
releases electrons to silver and, therefore, 
the electron releasing tendency of the metals 
is in the order: Zn>Cu>Ag. We would love to 
make our list more vast and design a metal 
activity series or electrochemical series. 
The competition for electrons between various 
metals helps us to design a class of cells, 
named as Galvanic cells in which the chemical 
reactions become the source of electrical 
energy. We would study more about these 
cells in Class XII.

7.3 OXIDATION NUMBER

A less obvious example of electron transfer is 
realised when hydrogen combines with oxygen 
to form water by the reaction:
2H2(g) + O2 (g) →  2H2O (l)     (7.18)

Though not simple in its approach, yet 
we can visualise the H atom as going from a 
neutral (zero) state in H2 to a positive state in 
H2O, the O atom goes from a zero state in O2
to a dinegative state in H2O. It is assumed that 
there is an electron transfer from H to O and 
consequently H2 is oxidised and O2 is reduced.

However, as we shall see later, the charge 
transfer is only partial and is perhaps better 
described as an electron shift rather than a 
complete loss of electron by H and gain by 
O. What has been said here with respect 
to equation (7.18) may be true for a good 
number of other reactions involving covalent 
compounds. Two such examples of this class 
of the reactions are:

H2(s) + Cl2(g)   →  2HCl(g)     (7.19)

and,

CH 4(g)  +  4Cl2(g)  → CCl4(l)  + 4HCl(g)    (7.20)

In order to keep track of electron shifts 
in chemical reactions involving formation 
of covalent compounds, a more practical 
method of using oxidation number has 
been developed. In this method, it is always 
assumed that there is a complete transfer 
of electron from a less electronegative atom 
to a more electonegative atom. For example, 
we rewrite equations (7.18 to 7.20) to show 
charge on each of the atoms forming part of 
the reaction : 
  0           0                      +1 –2

2H2(g) + O2(g) →  2H2O (l) (7.21)
0            0            +1 –1

H2 (s) + Cl2(g) →  2HCl(g) (7.22)

–�+1          0              +� –1            +1 –1 

CH4(g)  + 4Cl2(g) →  CCl4(l)  +4HCl(g) (7.23)

It may be emphasised that the assumption 
of electron transfer is made for book-keeping 
purpose only and it will become obvious at 
a later stage in this unit that it leads to the 
simple description of redox reactions. 

Oxidation number denotes the oxidation 
state of an element in a compound 
ascertained according to a set of rules 
formulated on the basis that electron pair 
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in a covalent bond belongs entirely to more 
electronegative element. 

It is not always possible to remember or 
make out easily in a compound/ion, which 
element is more electronegative than the 
other. Therefore, a set of rules has been 
formulated to determine the oxidation 
number of an element in a compound/ion. 
If two or more than two atoms of an element 
are present in the molecule/ion such as 
Na2S2O3/Cr2O7 

2–, the oxidation number of the 
atom of that element will then be the average 
of the oxidation number of all the atoms of 
that element. We may at this stage, state the 
rules for the calculation of oxidation number. 
These rules are: 

1. In elements, in the free or the uncombined 
state, each atom bears an oxidation 
number of zero. Evidently each atom in 
H2, O2, Cl2, O3, P4, S8, Na, Mg, Al has the 
oxidation number zero. 

2. For ions composed of only one atom, the
oxidation number is equal to the charge 
on the ion. Thus Na+ ion has an oxidation 
number of +1, Mg2+ ion, +2, Fe3+ ion, +3, 
Cl– ion, –1, O2– ion, –2� and so on� ,n tKeir 
compounds all alkali metals have oxidation 
number of +1, and all alkaline earth metals 
have an oxidation number of +2. Aluminium 
is regarded to have an oxidation number of 
+3 in all its compounds. 

3. The oxidation number of oxygen in most 
coPSoXnds is –2� HoZever, Ze coPe 
across two kinds of exceptions here. 
One arises in the case of peroxides and 
superoxides, the compounds of oxygen in 
which oxygen atoms are directly linked to 
each other. While in peroxides (e.g., H2O2, 
Na2O2), each oxygen atom is assigned an 
oxidation nXPEer oI –1, in sXSeroxides 
(e.g., KO2, RbO2) each oxygen atom is 
assigned an oxidation nXPEer oI –(ó)� 
The second exception appears rarely, i.e. 
when oxygen is bonded to fluorine. In 
such compounds e.g., oxygen difluoride 
(OF2) and dioxygen difluoride (O2F2), the 
oxygen is assigned an oxidation number 
of +2 and +1, respectively. The number 
assigned to oxygen will depend upon the 

bonding state of oxygen but this number 
would now be a positive figure only. 

4. The oxidation number of hydrogen is +1, 
except when it is bonded to metals in binary 
compounds (that is compounds containing 
two elements). For example, in LiH, NaH, 
and CaH2, its oxidation nXPEer is –1� 

5. In all its compounds, fluorine has an
oxidation nXPEer oI –1� OtKer Kalogens (Cl, 
Br, and I) also have an oxidation number 
oI –1, ZKen tKe\ occXr as Kalide ions in 
their compounds. Chlorine, bromine and 
iodine when combined with oxygen, for 
example in oxoacids and oxoanions, have 
positive oxidation numbers. 

6. The algebraic sum of the oxidation number
of all the atoms in a compound must be 
zero. In polyatomic ion, the algebraic sum 
of all the oxidation numbers of atoms of 
the ion must equal the charge on the ion. 
Thus, the sum of oxidation number of three 
oxygen atoms and one carbon atom in the 
carbonate ion, (CO3)

2– PXst eqXal –2� 
By the application of above rules, we can 

find out the oxidation number of the desired 
element in a molecule or in an ion. It is clear 
that the metallic elements have positive 
oxidation number and nonmetallic elements 
have positive or negative oxidation number. 
The atoms of transition elements usually 
display several positive oxidation states. The 
highest oxidation number of a representative 
element is the group number for the first 
two groups and the group number minus 10 
(following the long form of periodic table) for 
the other groups. Thus, it implies that the 
highest value of oxidation number exhibited 
by an atom of an element generally increases 
across the period in the periodic table. In the 
third period, the highest value of oxidation 
number changes from 1 to 7 as indicated 
below in the compounds of the elements.

A term that is often used interchangeably 
with the oxidation number is the oxidation 
state. Thus in CO2, the oxidation state of 
carbon is +4, that is also its oxidation number 
and similarly the oxidation state as well 
as oxidation nXPEer oI ox\gen is – 2� 7Kis 
implies that the oxidation number denotes the 
oxidation state of an element in a compound. 
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The oxidation number/state of a metal in a 
compound is sometimes presented according 
to the notation given by German chemist, 
Alfred Stock. It is popularly known as Stock 
notation. According to this, the oxidation 
number is expressed by putting a Roman 
numeral representing the oxidation number 
in parenthesis after the symbol of the metal in 
the molecular formula. Thus aurous chloride 
and auric chloride are written as Au(I)Cl and 
Au(III)Cl3. Similarly, stannous chloride and 
stannic chloride are written as Sn(II)Cl2 and 
Sn(IV)Cl4. This change in oxidation number 
implies change in oxidation state, which in 
turn helps to identify whether the species 
is present in oxidised form or reduced form. 
Thus, Hg2(I)Cl2 is the reduced form of Hg(II) Cl2. 

Problem 7.3

Using Stock notation, represent the 
following compounds :HAuCl4, Tl2O, FeO,   
Fe2O3, CuI, CuO, MnO and MnO2.    

Solution 

By applying various rules of calculating 
the oxidation number of the desired 
element in a compound, the oxidation 
number of each metallic element in its 
compound is as follows:

HAuCl4 → Au has 3
Tl2O → Tl has 1
FeO → Fe has 2
Fe2O3 → Fe has 3
CuI → Cu has 1
CuO → Cu has 2
MnO → Mn has 2
MnO2 → Mn has 4
Therefore, these compounds may be 
represented as:

HAu(III)Cl4, Tl2(I)O, Fe(II)O, Fe2(III)O3, 
Cu(I)I, Cu(II)O, Mn(II)O, Mn(IV)O2.

The idea of oxidation number has been 
invariably applied to define oxidation, 
reduction, oxidising agent (oxidant), reducing 
agent (reductant) and the redox reaction. To 
summarise, we may say that:

Oxidation: An increase in the oxidation 
number of the element in the given substance. 

Reduction : A decrease in the oxidation 
number of the element in the given substance.

Oxidising agent: A reagent which can 
increase the oxidation number of an element 
in a given substance. These reagents are 
called as oxidants also.

Reducing agent: A reagent which lowers the 
oxidation number of an element in a given 
substance. These reagents are also called as 
reductants.

Redox reactions: Reactions which involve 
change in oxidation number of the interacting 
species.

Problem 7.4

Justify that the reaction:

2Cu2O(s) + Cu2S(s)  →   6Cu(s) + SO2(g)

is a redox reaction. Identify the species 
oxidised/reduced, which acts as an 
oxidant and which acts as a reductant.

Solution

Let us assign oxidation number to each 
of the species in the reaction under 
examination. This results into:

   +1   –2          +1  –2              0           +�–2

2Cu2O(s) + Cu2S(s)  →  6Cu(s) + SO2

We therefore, conclude that in this 
reaction copper is reduced from  +1 state 
to zero oxidation state and sulphur is 
oxidised IroP –2 state to +� state� 7Ke 
above reaction is thus a redox reaction. 

Group 1 2 13 14 15 16 17

Element Na Mg Al Si P S Cl

Compound NaCl MgSO4 AlF3 SiCl4 P4O10 SF6 HClO

Highest oxidation 
number state of 
the group element

+1 +2 +3 +4 +5 +6 +7
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Further, Cu2O helps sulphur in Cu2S to 
increase its oxidation number, therefore, 
Cu(I) is an oxidant; and sulphur of Cu2S 
helps copper both in Cu2S itself and 
Cu2O to decrease its oxidation number; 
therefore, sulphur of Cu2S is reductant. 

7.3.1 Types of Redox Reactions

1. Combination reactions 

A combination reaction may be denoted in 
the manner:

A + B  →   C
Either A and B or both A and B must be in 
the elemental form for such a reaction to be 
a redox reaction. All combustion reactions, 
which make use of elemental dioxygen, as well 
as other reactions involving elements other 
than dioxygen, are redox reactions. Some 
important examples of this category are:

  0            0              +� –2

C(s)  +  O2 (g)     CO2(g) (7.24)

   0       0            +2  –3

30g(s) + 12(g)   0g312(s) (7.25)

–�+1           0              +�–2                 +1   –2

CH4(g)  +  2O2(g)   CO2(g)   +    2H2O (l)

2. Decomposition reactions 

Decomposition reactions are the opposite 
of combination reactions. Precisely, a 
decomposition reaction leads to the breakdown 
of a compound into two or more components 
at least one of which must be in the elemental 
state. Examples of this class of reactions are:

 +1 –2    0               0

2H2O (l)    2H2 (g) + O2(g) (7.26)

 +1 –1                          0              0

21aH (s)     21a (s) + H2(g) (7.27)

 +1 +5 –2                     +1 –1                0

2KClO3 (s)     2.Cl (s)  + 3O2(g) (7.28)

It may carefully be noted that there is no 
change in the oxidation number of hydrogen 
in methane under combination reactions 
and that of potassium in potassium chlorate 
in reaction (7.28). This may also be noted 

here that all decomposition reactions are not 
redox reactions. For example, decomposition 
of calcium carbonate is not a redox reaction.

+2 +� –2        +2–2                +�–2

CaCO3 (s)      CaO(s)    +    CO2(g)

3. Displacement reactions 

In a displacement reaction, an ion (or an 
atom) in a compound is replaced by an ion 
(or an atom) of another element. It may be 
denoted as:

X  + YZ  →  XZ  + Y

Displacement reactions f i t  into two 
categories: metal displacement and non-metal 
displacement.

(a) Metal displacement: A metal in a 
compound can be displaced by another metal 
in the uncombined state. We have already 
discussed about this class of the reactions 
Xnder section 7�2�1� 0etal disSlacePent 
reactions f ind many applications in 
metallurgical processes in which pure metals 
are obtained from their compounds in ores. A 
few such examples are:

+2 +� –2    0   0             +2+�–2

CuSO4(aq) + Zn (s) → Cu(s) + ZnSO4 (aq)   
           (7.29)
+5 –2            0        0        +2 –2

V2O5 (s) + 5Ca (s)    2V (s) + 5CaO (s)
           (7�30)

+� –1           0                  0                 +2 –1

TiCl4 (l) + 20g (s)   7i (s) + 2 0gCl2 (s)
           (7�31)

+3 –2              0     +3 –2                0

Cr2O3 (s) + 2 Al (s)   Al2O3 (s) + 2Cr(s)  
           (7�32)

In each case, the reducing metal is a 
better reducing agent than the one that is 
being reduced which evidently shows more 
capability to lose electrons as compared to 
the one that is reduced.

(b) Non-metal displacement: The non-
metal displacement redox reactions include 
hydrogen displacement and a rarely occurring 
reaction involving oxygen displacement.
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All alkali metals and some alkaline earth 
metals (Ca, Sr, and Ba) which are very good 
reductants, will displace hydrogen from cold 
water.

   0              +1 –2                       +1 –2 +1            0

2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)
(7.33)

  0        +1 –2                       +2 –2 +1                0

Ca(s)  +  2H2O(l) → Ca(OH)2 (aq) + H2(g) 
(7.34)

Less active metals such as magnesium and 
iron react with steam to produce dihydrogen gas:

 0        +1 –2                 +2 –2 +1 0 

Mg(s)  +  2H2O(l)    Mg(OH)2(s) + H2(g) 
      (7.35)

  0      +1 –2               +3 –2                0

2Fe(s) + 3H2O(l)     Fe2O3(s) + 3H2(g)   (7.36)

Many metals, including those which do not 
react with cold water, are capable of displacing 
hydrogen from acids. Dihydrogen from acids 
may even be produced by such metals which 
do not react with steam. Cadmium and tin are 
the examples of such metals. A few examples 
for the displacement of hydrogen from acids 
are:

 0         +1 –1  +2 –1           0

Zn(s) + 2HCl(aq)  →  ZnCl2 (aq) + H2 (g)
      (7.37)

0           +1 –1                  +2 –1                 0

Mg (s) + 2HCl (aq)  →  MgCl2 (aq) + H2 (g)
      (7.38)

 0     +1 –1                  +2 –1               0

Fe(s) + 2HCl(aq)  →  FeCl2(aq) + H2(g)
      (7.39)

Reactions (7.37 to 7.39) are used to 
prepare dihydrogen gas in the laboratory. 
Here, the reactivity of metals is reflected in 
the rate of hydrogen gas evolution, which is 
the slowest for the least active metal Fe, and 
the fastest for the most reactive metal, Mg. 
Very less active metals, which may occur in 
the native state such as silver (Ag), and gold 
(Au) do not react even with hydrochloric acid.

In section (7.2.1) we have already discussed 
tKat tKe Petals – zinc (=n), coSSer (CX) and 
silver (Ag) through tendency to lose electrons 
show their reducing activity in the order Zn> 

Cu>Ag. Like metals, activity series also exists 
for the halogens. The power of these elements 
as oxidising agents decreases as we move 
down from fluorine to iodine in group 17 of the 
periodic table. This implies that fluorine is so 
reactive that it can replace chloride, bromide 
and iodide ions in solution. In fact, fluorine is 
so reactive that it attacks water and displaces 
the oxygen of water : 

 +1 –2           0               +1 –1        0

2H2O (l) + 2F2 (g)  → 4HF(aq)  + O2(g)     (7.40)

It is for this reason that the displacement 
reactions of chlorine, bromine and iodine 
using fluorine are not generally carried out in 
aqueous solution. On the other hand, chlorine 
can displace bromide and iodide ions in an 
aqueous solution as shown below: 

 0     +1 –1                   +1 –1              0

Cl2 (g) + 2KBr (aq)  → 2 KCl (aq) + Br2 (l) 
           (7.41)
 0     +1–1                  +1 –1               0

Cl2 (g) + 2KI (aq)  →  2 KCl (aq)  +  I2 (s)
     (7.42)
As Br2 and I2 are coloured and dissolve in CCl4, 
can easily be identified from the colour of the 
solution. The above reactions can be written 
in ionic form as: 

 0       –1                –1          0

Cl2 (g) + 2Br– (aq) → 2Cl– (aq) + Br2 (l)  (7.41a)

 0            –1                   –1              0

Cl2 (g) + 2I– (aq)  →  2Cl– (aq) + I2 (s)    (7.42b)

Reactions (7.41) and (7.42) form the basis 
of identifying Br– and I– in the laboratory 
through the test popularly known as ‘Layer 
Test’. It may not be out of place to mention 
here that bromine likewise can displace iodide 
ion in solution:

0      –1               –1               0

Br2 (l)  + 2I – (aq) → 2Br– (aq) + I2 (s)       (7.43)

The halogen displacement reactions have 
a direct industrial application. The recovery 
of halogens from their halides requires an 
oxidation process, which is represented by: 

2X– →   X2   +  2e–         (7.44)

here X denotes a halogen element. Whereas 
chemical means are available to oxidise Cl–, 
Br– and I–, as fluorine is the strongest oxidising 
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agent; there is no way to convert F– ions to F2

by chemical means. The only way to achieve 
F2 from F– is to oxidise electrolytically, the 
details of which you will study at a later stage. 

4. Disproportionation reactions

Disproportionation reactions are a special type 
of redox reactions. In a disproportionation 
reaction an element in one oxidation state 
is simultaneously oxidised and reduced. 
One of the reacting substances in a 
disproportionation reaction always contains 
an element that can exist in at least three 
oxidation states. The element in the form 
of reacting substance is in the intermediate 
oxidation state; and both higher and lower 
oxidation states of that element are formed in 
the reaction. The decomposition of hydrogen 
peroxide is a familiar example of the reaction, 
where oxygen experiences disproportionation.

+1 –1                 +1  –2            0

2H2O2 (aq)  →  2H2O(l) +  O2(g)       (7.45)

Here the oxygen of peroxide, which is present 
in –1 state, is converted to zero oxidation state 
in O2 and decreases to –2 oxidation state in 
H2O. 

Phosphorous, sulphur and chlorine 
undergo disproportionation in the alkaline 
medium as shown below : 

0                                          –3           +1

P4(s) + 3OH–(aq)+ 3H2O(l) → PH3(g) + 3H2PO2
–

(aq) 
(7.46)

0                   –2                +2 

S8(s) + 12 OH– (aq) →  4S2– (aq) + 2S2O3
2–(aq) 

+ 6H2O(l) 
(7.47)

0               +1               –1

Cl2 (g) + 2 OH– (aq)  →     ClO– (aq) + Cl– (aq) +
H2O (l) 
(7.48)

The reaction (7.48) describes the 
formation of household bleaching agents. 
The hypochlorite ion (ClO–) formed in the 
reaction oxidises the colour-bearing stains 
of the substances to colourless compounds. 

It is of interest to mention here that whereas 
bromine and iodine follow the same trend 
as exhibited by chlorine in reaction (7.48), 

fluorine shows deviation from this behaviour 
when it reacts with alkali. The reaction that 
takes place in the case of fluorine is as follows: 

2 F2(g) + 2OH–(aq) → 2 F–(aq) + OF2(g) + H2O(l)

(7.49)

(It is to be noted with care that fluorine in 
reaction (7.49) will undoubtedly attack water 
to produce some oxygen also). This departure 
shown by fluorine is not surprising for us as 
we know the limitation of fluorine that, being 
the most electronegative element, it cannot 
exhibit any positive oxidation state. This 
means that among halogens, fluorine does not 
show a disproportionation tendency. 

Problem 7.5 

Which of the following species, do not 
show disproportionation reaction and 
why ? 

ClO–, ClO2
–, ClO3

– and ClO4 
–

Also write reaction for each of the species 
that disproportionates. 

Solution 

Among the oxoanions of chlorine listed 
above, ClO4

– does not disproportionate 
because in this oxoanion chlorine is 
present in its highest oxidation state that 
is, +7. The disproportionation reactions 
for the other three oxoanions of chlorine 
are as follows:

 +1     –1        +5

3ClO– → 2Cl– + ClO–
3

   +3    +5            –1

6 ClO2
– 4ClO3

–  +  2Cl–

  +5  –1           +7

4ClO–
3 → Cl–  +   3 ClO4

–

Problem 7.6      

Suggest a scheme of classification of the 
following redox reactions

(a) N2 (g) + O2 (g)  → 2 NO (g)

(b) 2Pb(NO3)2(s)  → 2PbO(s) + 4 NO2 (g) + 

     O2 (g)

(c) NaH(s) + H2O(l) → NaOH(aq) + H2 (g)

(d) 2NO2(g) + 2OH–(aq) →  NO2
–(aq) + 

                                          NO3
– (aq)+H2O(l)

Unit 7.indd   244 19-03-2026   04:11:14

Reprint 2026-27



245REDOX REACTIONS

Solution
In reaction (a), the compound nitric 
oxide is formed by the combination of 
the elemental substances, nitrogen and 
oxygen; therefore, this is an example 
of combination redox reactions. The 
reaction (b) involves the breaking down 
of lead nitrate into three components; 
therefore, this is categorised under 
decomposition redox reaction. In 

The Paradox of Fractional Oxidation Number
Sometimes, we come across with certain compounds in which the oxidation number of a particular 
element in the compound is in fraction. Examples are:

C3O2 [where oxidation number of carbon  is (4/3)], 

Br3O8 [where oxidation number of bromine is (16/3)] 

and Na2S4O6 (where oxidation number of sulphur is 2.5).

We know that the idea of fractional oxidation number is unconvincing to us, because electrons 
are never shared/transferred in fraction. Actually this fractional oxidation state is the average 
oxidation state of the element under examination and the structural parameters reveal that the 
element for whom fractional oxidation state is realised is present in different oxidation states. 
Structure of the species C3O2, Br3O8 and S4O6

2– reveal  the following bonding situations:    
                      
                 +2    0    +2

O = C = C*= C = O
Structure of C3O2

(carbon suboxide)

    Structure of Br3O8  (tribromooctaoxide)   Structure of S4O6
2– (tetrathionate ion) 

The element marked with asterisk in each species is exhibiting the different oxidation 
state (oxidation number) from rest of the atoms  of the same element in each of the species. 
This reveals that in C3O2, two carbon atoms are present in +2 oxidation state each, whereas 
the third one is present in zero oxidation state and the average is 4/3. However, the realistic 
picture is +2 for two terminal carbons and zero for the middle carbon. Likewise in Br3O8, each 
of the two terminal bromine atoms are present in +6 oxidation state and the middle bromine 
is present in +4 oxidation state. Once again the average, that is different from reality, is 
16/3. In the same fashion, in the species S4O6

2–, each of the two extreme sulphurs exhibits oxidation 
state of +5 and the two middle sulphurs as zero. The average of four  oxidation numbers of sulphurs 
of the S4O6

2– is 2.5, whereas the reality being + 5,0,0 and +5 oxidation number respectively for 
each sulphur.

We may thus, in general, conclude that the idea of fractional oxidation state should be taken 
with care and the reality is revealed by the structures only. Further, whenever we come across 
with fractional oxidation state of any particular element in any species, we must understand that 
this is the average oxidation number only. In reality (revealed by structures only), the element in 
that particular species is present in more than one whole number oxidation states. Fe3O4, Mn3O4, 
Pb3O4 are some of the other examples of the compounds, which are mixed oxides, where we come 
across with fractional oxidation states of the metal atom. However, the oxidation states may be in 
fraction as in O2

+ and O2
– ZKere it is +ó and –ó resSectivel\�

reaction (c), hydrogen of water has been 
displaced by hydride ion into dihydrogen 
gas. Therefore, this may be called as 
displacement redox reaction. The reaction 
(d) involves disproportionation of NO2 

(+4 state) into NO2
– (+3 state) and NO3

–

(+5 state). Therefore reaction (d) is an 
example of disproportionation redox 
reaction.
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Problem 7.8

Write the net ionic equation for the 
reaction of potassium dichromate(VI), 
K2Cr2O7 with sodium sulphite, Na2SO3, 
in an acid solution to give chromium(III) 
ion and the sulphate  ion. 

Problem 7.7

Why do the following reactions proceed 
differently ?

Pb3O4 + 8HCl → 3PbCl2 + Cl2 + 4H2O   and

Pb3O4 + 4HNO3 → 2Pb(NO3)2 + PbO2 +   
                                2H2O

Solution

Pb3O4  is actually a stoichiometric 
mixture of 2 mol of PbO and 1 mol of 
PbO2. In PbO2, lead is present in +4 
oxidation state, whereas the stable 
oxidation state of lead in PbO is +2. PbO2

thus can act as an oxidant (oxidising 
agent) and, therefore, can oxidise Cl– ion 
of HCl into chlorine. We may also keep in 
mind that PbO is a basic oxide. Therefore, 
the reaction

Pb3O4 + 8HCl → 3PbCl2 + Cl2 + 4H2O  

can be splitted into two reactions namely:

2PbO + 4HCl → 2PbCl2 + 2H2O   

(acid-base reaction)
+�              –1              +2          0

PbO2 + 4HCl →  PbCl2 + Cl2 +2H2O   
(redox reaction)

Since HNO3 itself is an oxidising agent 
therefore, it is unlikely that the reaction 
may occur between PbO2 and HNO3. 
However, the acid-base reaction occurs 
between PbO and HNO3 as:

2PbO + 4HNO3 → 2Pb(NO3)2 + 2H2O

It is the passive nature of PbO2 against 
HNO3 that makes the reaction different 
from the one that follows with HCl.

(a) Oxidation Number Method: In writing 
equations for oxidation-reduction reactions, 
just as for other reactions, the compositions and 
formulas must be known for the substances 
that react and for the products that are 
formed. The oxidation number method is now 
best illustrated in the following steps:

Step 1: Write the correct formula for each 
reactant and product.

Step 2: Identify atoms which undergo 
change in oxidation number in the reaction 
by assigning the oxidation number to all 
elements in the reaction.

Step 3: Calculate the increase or decrease 
in the oxidation number per atom and for 
the entire molecule/ion in which it occurs. If 
these are not equal then multiply by suitable 
number so that these become equal. (If you 
realise that two substances are reduced and 
nothing is oxidised or vice-versa, something 
is wrong. Either the formulas of reactants or 
products are wrong or the oxidation numbers 
have not been assigned properly).

Step 4: Ascertain the involvement of ions if 
the reaction is taking place in water, add H+ or 
OH– ions to the expression on the appropriate 
side so that the total ionic charges of reactants 
and products are equal. If the reaction is 
carried out in acidic solution, use H+ ions in 
the equation; if in basic solution, use OH– ions. 

Step 5 :  Make the numbers of hydrogen 
atoms in the expression on the two sides 
equal by adding water (H2O) molecules to the 
reactants or products. Now, also check the 
number of oxygen atoms. If there are the same 
number of oxygen atoms in the reactants and 
products, the equation then represents the 
balanced redox reaction. 

Let us now explain the steps involved in 
the method with the help of a few problems 
given below: 

7.3.2 Balancing of Redox Reactions

Two methods are used to balance chemical 
equations for redox processes. One of these 
methods is based on the change in the 
oxidation number of reducing agent and the 
oxidising agent and the other method is based 
on splitting the redox reaction into two half 
reactions — one involving oxidation and the 
other involving reduction. Both these methods 
are in use and the choice of their use rests 
with the individual using them.
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Solution 

Step 1: The skeletal ionic equation is: 

Cr2O7
2–(aq) + SO3

2–(aq) → Cr3+(aq) 

+ SO4
2–(aq)

Step 2: Assign oxidation numbers for 
Cr and S
+�  –2      +�–2                +3        +�–2

Cr2O7
2–(aq) + SO3

2–(aq) → Cr(aq)+SO4
2–(aq)

This indicates that the dichromate ion is 
the oxidant and the sulphite ion is the 
reductant.

Step 3: Calculate the increase and 
decrease of oxidation number, and make 
them equal: from step-2 we can notice 
that there is change in oxidation state 
of chromium and sulphur. Oxidation 
state of chromium changes form +6 to 
+3. There is decrease of +3 in oxidation 
state of chromium on right hand side of 
the equation. Oxidation state of sulphur 
changes from +4 to +6. There is an increase 
of +2 in the oxidation state of sulphur on 
right hand side. To make the increase and 
decrease of oxidation state equal, place 
numeral 2 before cromium ion on right 
hand side and numeral 3 before sulphate 
ion on right hand side and balance the 
chromium and sulphur atoms on both the 
sides of  the equation. Thus we get

+� –2                +� –2              +3

Cr2O7
2–(aq) + 3SO3

2– (aq)  → 2Cr3+ (aq) +  
+� –2

3SO4
2– (aq)

Step 4: As the reaction occurs in the 
acidic medium, and further the ionic 
charges are not equal on both the sides, 
add 8H+ on the left to make ionic charges 
equal 

Cr2O7
2–(aq) + 3SO3

2–(aq)+ 8H+→ 2Cr3+(aq) 
+ 3SO4

2– (aq)

Step 5: Finally, count the hydrogen 
atoms, and add appropriate number of 
water molecules (i.e., 4H2O) on the right 
to achieve balanced redox change. 

Cr2O7
2– (aq) + 3SO3

2– (aq)+ 8H+ (aq) →
2Cr3+ (aq) + 3SO4

2– (aq) +4H2O (l)

Problem 7.9  

Permanganate ion reacts with bromide 
ion in basic medium to give manganese 
dioxide and bromate ion. Write the 
balanced ionic equation for the reaction. 

Solution 

Step 1: The skeletal ionic equation is : 

MnO4
–(aq) + Br–(aq) → MnO2(s) + BrO3

– (aq)

Step 2: Assign oxidation numbers for 
Mn and Br

+7            –1     +�           +5

MnO4
–(aq) + Br–(aq) →MnO2 (s) + BrO3

– (aq)

this indicates that permanganate ion 
is the oxidant and bromide ion is the 
reductant. 
Step 3: Calculate the increase and 
decrease of oxidation number, and make 
the increase equal to the decrease. 
  +7             –1       +�            +5

2MnO4
–(aq)+Br –(aq) → 2MnO2(s)+BrO3

–(aq)
Step 4: As the reaction occurs in the 
basic medium, and the ionic charges are 
not equal on both sides, add 2 OH– ions 
on the right to make ionic charges equal.

2MnO4
– (aq) + Br– (aq) → 2MnO2(s) + 

BrO3
–(aq) + 2OH–(aq)

Step 5: Finally, count the hydrogen atoms 
and add appropriate number of water 
molecules (i.e. one H2O molecule) on the 
left side to achieve balanced redox change. 

2MnO4
–(aq) + Br–(aq) + H2O(l) → 2MnO2(s)

            + BrO3
– (aq) + 2OH–(aq)

(b) Half Reaction Method: In this method, 
the two half equations are balanced separately 
and then added together to give balanced 
equation. 

Suppose we are to balance the equation 
showing the oxidation of Fe2+ ions to Fe3+ ions 
by dichromate ions (Cr2O7)

2– in acidic medium, 
wherein, Cr2O7

2– ions are reduced to Cr3+ ions. 
The following steps are involved in this task. 
Step 1: Produce unbalanced equation for the 
reaction in ionic form : 

Fe2+(aq) + Cr2O7
2– (aq) →  Fe3+ (aq) + Cr3+(aq)

  (7�50)
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Step 2: Separate the equation into half-
reactions: 
     +2               +3

Oxidation half : Fe2+ (aq) →  Fe3+(aq)      (7.51)

      +� –2        +3

Reduction half : Cr2O7
2–(aq) →  Cr3+(aq)  

(7.52)
Step 3: Balance the atoms other than O and 
H in each half reaction individually. Here the 
oxidation half reaction is already balanced 
with respect to Fe atoms. For the reduction 
half reaction, we multiply the Cr3+ by 2 to 
balance Cr atoms.

Cr2O7
2–(aq) →  2 Cr3+(aq) (7.53)

Step 4: For reactions occurring in acidic 
medium, add H2O to balance O atoms and H+

to balance H atoms. 
Thus, we get :
Cr2O7

2– (aq) + 14H+ (aq) → 2 Cr3+(aq) + 7H2O (l)

(7.54)

Step 5: Add electrons to one side of the half 
reaction to balance the charges. If need be, 
make the number of electrons equal in the 
two half reactions by multiplying one or both 
half reactions by appropriate number. 

The oxidation half reaction is thus 
rewritten to balance the charge: 

Fe2+ (aq)  →  Fe3+ (aq)  + e– (7.55)

Now in the reduction half reaction there 
are net twelve positive charges on the left hand 
side and only six positive charges on the right 
hand side. Therefore, we add six electrons on 
the left side. 

Cr2O7
2– (aq) + 14H+ (aq) + 6e– → 2Cr3+(aq) +

7H2O (l) (7.56)

To equalise the number of electrons in both 
the half reactions, we multiply the oxidation 
half reaction by 6 and write as : 

6Fe2+ (aq) → 6Fe3+(aq)  + 6e–        (7.57)

Step 6: We add the two half reactions to 
achieve the overall reaction and cancel the 
electrons on each side. This gives the net ionic 
equation as : 

6Fe2+(aq) + Cr2O7
2–(aq) + 14H+(aq) → 6 Fe3+(aq) +

2Cr 3+(aq) + 7H2O(l)  (7.58)

Step 7: Verify that the equation contains the 
same type and number of atoms and the same 
charges on both sides of the equation. This 
last check reveals that the equation is fully 
balanced with respect to number of atoms 
and the charges. 

For the reaction in a basic medium, first 
balance the atoms as is done in acidic medium. 
Then for each H+ ion, add an equal number of 
OH– ions to both sides of the equation. Where 
H+ and OH– appear on the same side of the 
equation, combine these to give H2O. 

Problem 7.10

Permanganate(VII) ion, MnO4
– in basic 

solution oxidises iodide ion, I– to produce 
molecular iodine (I2) and manganese 
(IV) oxide (MnO2). Write a balanced ionic 
equation to represent this redox reaction. 

Solution

Step 1: First we write the skeletal
ionic equation, which is 

MnO4
– (aq) + I– (aq) → MnO2(s) + I2(s)

Step 2: The two half-reactions are: 

           –1                 0

Oxidation half :  I–(aq)   →   I2 (s)
         +7           +4

Reduction half:  MnO4
–(aq) →  MnO2(s)

Step 3: To balance the I atoms in the 
oxidation half reaction, we  rewrite it as: 

  2I– (aq) → I2 (s)

Step 4: To balance the O atoms in the 
reduction half reaction, we add two water 
molecules on the right: 

MnO4
– (aq) → MnO2 (s) + 2 H2O (l)

To balance the H atoms, we add four H+

ions on the left:

MnO4
– (aq) + 4 H+ (aq) → MnO2(s) + 2H2O (l)

As the reaction takes place in a basic 
solution, therefore, for four H+ ions, we 
add four OH– ions to both sides of the 
equation: 

MnO4
– (aq) + 4H+ (aq) + 4OH–(aq)  →

MnO2 (s) + 2 H2O(l)  + 4OH– (aq)

Replacing the H+ and OH– ions with water, 
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the resultant equation is: 

MnO4
– (aq) + 2H2O (l) → MnO2 (s) + 4 OH– (aq)

Step 5 : In this step we balance the 
charges of the two half-reactions in the 
manner depicted as: 

2I– (aq) → I2 (s) + 2e–

MnO4
–(aq) + 2H2O(l) + 3e– → MnO2(s) 

+ 4OH–(aq)

Now to equalise the number of electrons, 
we multiply the oxidation half-reaction by 
3 and the reduction half-reaction by 2. 

6I–(aq) → 3I2 (s) + 6e–

2 MnO4
– (aq) + 4H2O (l) +6e– → 2MnO2(s) 

+ 8OH– (aq)

Step 6: Add two half-reactions to 
obtain the net reactions after cancelling 
electrons on both sides. 

6I–(aq) + 2MnO4
–(aq) + 4H2O(l) → 3I2(s) + 

2MnO2(s) +8 OH–(aq)

Step 7: A final verification shows that 
the equation is balanced in respect of 
the number of atoms and charges on 
both sides. 

7.3.3 Redox Reactions as the Basis  for 
Titrations 

In acid-base systems we come across with a 
titration method for finding out the strength 
of one solution against the other using a 
pH sensitive indicator. Similarly, in redox 
systems, the titration method can be adopted 
to determine the strength of a reductant/
oxidant using a redox sensitive indicator. 
The usage of indicators in redox titration is 
illustrated below:
(i) In one situation, the reagent itself is 

intensely coloured, e.g., permanganate 
ion, MnO4

–. Here MnO4
– acts as the self 

indicator. The visible end point in this case 
is achieved after the last of the reductant 
(Fe2+ or C2O4

2–) is oxidised and the first 
lasting tinge of pink colour appears at 
MnO4

– concentration as low as 10–� mol dm–3

(10–� mol L–1). This ensures a minimal 
‘overshoot’ in colour beyond the equivalence 
point, the point where the reductant and 
the oxidant are equal in terms of their 
mole stoichiometry.

(ii) If there is no dramatic auto-colour change 
(as with MnO4

– titration), there are indicators 
which are oxidised immediately after the 
last bit of the reactant is consumed, 
producing a dramatic colour change. The 
best example is afforded by Cr2O7

2–, which 
is not a self-indicator, but oxidises the 
indicator substance diphenylamine just 
after the equivalence point to produce an 
intense blue colour, thus signalling the 
end point. 

(iii) There is yet another method which is 
interesting and quite common. Its use is 
restricted to those reagents which are able 
to oxidise I– ions, say, for example, Cu(II): 

2Cu2+(aq) + 4I–(aq) → Cu2I2(s) + I2(aq)  (7.59)

This method relies on the facts that 
iodine itself gives an intense blue colour with 
starch and has a very specific reaction with 
thiosulphate ions (S2O3

2–), which too is a redox 
reaction: 

I2(aq) + 2 S2O3
2–(aq)→2I–(aq) + S4O6

2–(aq) (7.60)

I2, though insoluble in water, remains in 
solution containing KI as KI3.

On addition of starch after the liberation 
of iodine from the reaction of Cu2+ ions on 
iodide ions, an intense blue colour appears. 
This colour disappears as soon as the iodine 
is consumed by the thiosulphate ions. Thus, 
the end-point can easily be tracked and the 
rest is the stoichiometric calculation only. 

7.3.4 Limitations of Concept of Oxidation
Number 

As you have observed in the above discussion, 
the concept of redox processes has been 
evolving with time. This process of evolution 
is continuing. In fact, in recent past the 
oxidation process is visualised as a decrease 
in electron density and reduction process as 
an increase in electron density around the 
atom(s) involved in the reaction.

7.4 REDOX REACTIONS AND ELECTRODE
PROCESSES

The experiment corresponding to reaction 
(7.15), can also be observed if zinc rod is 
dipped in copper sulphate solution. The 
redox reaction takes place and during the 
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reaction, zinc is oxidised to zinc ions and 
copper ions are reduced to metallic copper 
due to direct transfer of electrons from zinc 
to copper ion. During this reaction heat is 
also evolved.  Now we modify the experiment 
in such a manner that for the same redox 
reaction transfer of electrons takes place 
indirectly. This necessitates the separation 
of zinc metal from copper sulphate solution.  
We take copper sulphate solution in a beaker 
and put a copper strip or rod in it. We also 
take zinc sulphate solution in another beaker 
and put a zinc rod or strip in it.  Now reaction 
takes place in either of the beakers and at the 
interface of the metal and its salt solution in 
each beaker both the reduced and oxidized 
forms of the same species are present.  These 
represent the species in the reduction and 
oxidation half reactions. A redox couple is 
defined as having together the oxidised and 
reduced forms of a substance taking part in 
an oxidation or reduction half reaction.

This is represented by separating the 
oxidised form from the reduced form by 
a vertical line or a slash representing an 
interface (e.g. solid/solution).  For example 
in this experiment the two redox couples 

are represented as Zn2+/Zn and Cu2+/Cu.  
In both cases, oxidised form is put before 
the reduced form. Now we put the beaker 
containing copper sulphate solution and  the 
beaker containing zinc sulphate solution 
side by side (Fig. 7.3). We connect solutions 
in two beakers by a salt bridge (a U-tube 
containing a solution of potassium chloride 
or ammonium nitrate usually solidified by 
boiling with agar agar and later cooling to a 
jelly like substance). This provides an electric 
contact between the two solutions without 
allowing them to mix with each other.  The 
zinc and copper rods are connected by a 
metallic wire with a provision for an ammeter 
and a switch. The set-up as shown in Fig.7.3 
is known as Daniell cell. When the switch is 
in the off position, no reaction takes place in 
either of the beakers and no current flows 
through the metallic wire.  As soon as the 
switch is in the on position, we make the 
following observations:
1. The transfer of electrons now does not 

take place directly from Zn to Cu2+ but 
through the metallic wire connecting the 
two rods as is apparent from the arrow 
which indicates the flow of current.  

2. The electricity from solution in one beaker 
to solution in the other beaker flows by 
the migration of ions through the salt 
bridge.  We know that the flow of current 
is possible only if there is a potential 
difference between the copper and zinc 
rods known as electrodes here.

The potential  associated with each 
electrode is known as electrode potential. 
If the concentration of each species taking 
part in the electrode reaction is unity (if any 
gas appears in the electrode reaction, it is 
confined to 1 atmospheric pressure) and 
further the reaction is carried out at 298K, 
then the potential of each electrode is said 
to be the Standard Electrode Potential. By 
convention, the standard electrode potential 
(E) of hydrogen electrode is 0.00 volts. The 
electrode potential value for each electrode 
process is a measure of the relative tendency 
of the active species in the process to remain 
in the oxidised/reduced form. A negative E

means that the redox couple is a stronger 

Fig.7.3 The set-up for Daniell cell. Electrons 
produced at the anode due to oxidation 
of Zn travel through the external circuit 
to the cathode where these reduce the 
copper ions. The circuit is completed 
inside the cell by the migration of ions 
through the salt bridge.  It may be noted 
that the direction of current is opposite to 
the direction of electron flow.
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Reaction (Oxidised form + ne–       → Reduced form) E / V

F2(g) + 2e–  → 2F–  2.87

Co3+ + e– → Co2+  1.81

H2O2 + 2H+ + 2e– → 2H2O    1.78

MnO4
– + 8H+ + 5e– → Mn2+ + 4H2O  1.51

Au3+ + 3e– → Au(s) 1.40

Cl2(g) + 2e– → 2Cl–  1.36

Cr2O7
2– + 14H+ + 6e– → 2Cr3+ + 7H2O  1.33

O2(g) + 4H+ + 4e– → 2H2O  1.23

MnO2(s) + 4H+ + 2e– → Mn2+ + 2H2O  1.23

Br2 + 2e– → 2Br–  1.09

NO3
– + 4H+ + 3e– → NO(g) + 2H2O  0.97

2Hg2+ + 2e– → Hg2
2+  0.92

Ag+ + e– → Ag(s) 0.80

Fe3+ + e– → Fe2+  0.77

O2(g) + 2H+ + 2e– → H2O2  0.68

I2(s) + 2e– → 2I–  0.54

Cu+ + e– → Cu(s) 0.52

Cu2+ + 2e– → Cu(s) 0.34

AgCl(s) + e– → Ag(s) + Cl–  0.22

AgBr(s) + e– → Ag(s) + Br–  0.10

2H+ + 2e– → H2(g)  0.00

Pb2+ + 2e– → 3E(s) –0�13

Sn2+ + 2e– → 6n(s) –0�1�

Ni2+ + 2e– → 1i(s) –0�25

Fe2+ + 2e– → )e(s) –0���

Cr3+ + 3e– → Cr(s) –0�7�

Zn2+ + 2e– → =n(s) –0�7�
2H2O + 2e– → H2(g) + 2OH–  –0��3

Al3+ + 3e– → $l(s) –1���

Mg2+ + 2e– → 0g(s) –2�3�

Na+ + e– → 1a(s) –2�71

Ca2+ + 2e– → Ca(s) –2��7

K+ + e– → .(s) –2��3

Li+ + e– → /i(s) –3�05
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1. A negative E means that the redox couple is a stronger reducing agent than the H+/H2  couple.
2. A positive E means that the redox couple is a weaker reducing agent than the H+/H2  couple. 

Table 7.1  The Standard Electrode Potentials at 298 K
Ions are present as aqueous species and H2O as liquid; gases and 

solids are shown by g and s respectively.

reducing agent than the H+/H2 couple. A 
positive E means that the redox couple is a 
weaker reducing agent than the H+/H2 couple.
The standard electrode potentials are very 
important and we can get a lot of other useful  

information from them. The values of standard 
electrode potentials for some selected electrode 
processes (reduction reactions) are given in 
Table 7.1. You will learn more about electrode 
reactions and cells in Class XII. 
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SUMMARY

Redox reactions form an important class of reactions in which oxidation and reduction
occur simultaneously. Three tier conceptualisation viz, classical, electronic and oxidation 
number, which is usually available in the texts, has been presented in detail. Oxidation, 
reduction, oxidising agent (oxidant) and reducing agent (reductant) have been viewed 
according to each conceptualisation. Oxidation numbers are assigned in accordance with a 
consistent set of rules. Oxidation number and ion-electron method both are useful means in 
writing equations for the redox reactions. Redox reactions are classified into four categories: 
combination, decomposition displacement and disproportionation reactions. The concept of 
redox couple and electrode processes is introduced here. The redox reactions find wide 
applications in the study of electrode processes and cells.

EXERCISES

7.1 Assign oxidation number to the underlined elements in each of the following species:

(a) NaH2PO4 (b) NaHSO4 (c)  H4P2O7 (d)  K2MnO4

(e) CaO2 (f)  NaBH4  (g)  H2S2O7 (h)  KAl(SO4)2.12 H2O

7.2 What are the oxidation number of the underlined elements in each of the following 
and how do you rationalise your results ? 

(a)  KI3        (b)  H2S4O6       (c)  Fe3O4      (d)  CH3CH2OH       (e)  CH3COOH

7.3 Justify that the following reactions are redox reactions: 

(a) CuO(s) + H2(g) → Cu(s) + H2O(g)

(b) Fe2O3(s)  + 3CO(g) → 2Fe(s)  + 3CO2(g)

(c) 4BCl3(g)  +  3LiAlH4(s)  → 2B2H6(g)  + 3LiCl(s) +  3 AlCl3 (s)

(d) 2K(s)  +  F2(g)  →  2K+F– (s)

(e) 4 NH3(g) + 5 O2(g) → 4NO(g) + 6H2O(g)

7.4 Fluorine reacts with ice and results in the change: 

H2O(s) + F2(g) →  HF(g)  + HOF(g)

Justify that this reaction is a redox reaction. 

7.5 Calculate the oxidation number of sulphur, chromium and nitrogen in H2SO5, Cr2O7
2–

and NO3
–. Suggest structure of these compounds. Count for the fallacy. 

7.6 Write formulas for the following compounds: 

(a) Mercury(II) chloride  (b)  Nickel(II) sulphate

(c) Tin(IV) oxide   (d)  Thallium(I) sulphate

(e) Iron(III) sulphate   ( f )  Chromium(III) oxide

7�7 6Xggest a list oI tKe sXEstances ZKere carEon can exKiEit oxidation states IroP –� 
to +� and nitrogen IroP –3 to +5� 

7.8 While sulphur dioxide and hydrogen peroxide can act as oxidising as well as reducing 
agents in their reactions, ozone and nitric acid act only as oxidants. Why ? 

7.9 Consider the reactions: 
(a) 6 CO2(g)  + 6H2O(l)  →  C6 H12 O6(aq)  + 6O2(g)
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(b)  O3(g)  + H2O2(l)  → H2O(l) + 2O2(g)

Why it is more appropriate to write these reactions as : 

(a) 6CO2(g) + 12H2O(l)  →  C6 H12 O6(aq)  + 6H2O(l) + 6O2(g)

(b) O3(g)  +  H2O2 (l)  →  H2O(l) + O2(g) + O2(g) 

Also suggest a technique to investigate the path of the above (a) and (b) redox 
reactions.

7.10 The compound AgF2 is unstable compound. However, if formed, the compound acts 
as a very strong oxidising agent. Why ? 

7.11 Whenever a reaction between an oxidising agent and a reducing agent is carried out, 
a compound of lower oxidation state is formed if the reducing agent is in excess and 
a compound of higher oxidation state is formed if the oxidising agent is in excess. 
Justify this statement giving three illustrations. 

7.12 How do you count for the following observations ? 

(a) Though alkaline potassium permanganate and acidic potassium permanganate 
both are used as oxidants, yet in the manufacture of benzoic acid from toluene 
we use alcoholic potassium permanganate as an oxidant. Why ? Write a balanced 
redox equation for the reaction. 

(b) When concentrated sulphuric acid is added to an inorganic mixture containing 
chloride, we get colourless pungent smelling gas HCl, but if the mixture contains 
bromide then we get red vapour of bromine. Why ? 

7.13 Identify the substance oxidised reduced, oxidising agent and reducing agent for 
each of the following reactions: 

(a) 2AgBr (s) + C6H6O2(aq) → 2Ag(s) + 2HBr (aq) + C6H4O2(aq)

(b) HCHO(l) + 2[Ag (NH3)2]
+(aq) + 3OH–(aq) → 2Ag(s) +  HCOO–(aq) + 4NH3(aq) 

+ 2H2O(l)

(c) HCHO (l) + 2 Cu2+(aq) + 5 OH–(aq) → Cu2O(s) + HCOO–(aq) + 3H2O(l) 

(d) N2H4(l) + 2H2O2(l) → N2(g) + 4H2O(l)

(e) Pb(s) + PbO2(s) + 2H2SO4(aq) → 2PbSO4(s) + 2H2O(l) 

7.14 Consider the reactions : 

2 S2O3
2– (aq) + I2(s) → S4 O6

2–(aq) +  2I–(aq)

S2O3
2–(aq) + 2Br2(l) + 5 H2O(l) → 2SO4

2–(aq) + 4Br–(aq) + 10H+(aq) 

Why does the same reductant, thiosulphate react differently with iodine and 
bromine ? 

7.15 Justify giving reactions that among halogens, fluorine is the best oxidant and among 
hydrohalic compounds, hydroiodic acid is the best reductant. 

7.16 Why does the following reaction occur ? 

XeO6
�– (aq) + 2F– (aq) + 6H+(aq) → XeO3(g)+ F2(g) + 3H2O(l)

What conclusion about the compound Na4XeO6 (of which XeO6
�– is a part) can be 

drawn from the reaction. 

7.17 Consider the reactions: 

(a) H3PO2(aq) + 4 AgNO3(aq) + 2 H2O(l) → H3PO4(aq) + 4Ag(s) + 4HNO3(aq)

(b) H3PO2(aq) + 2CuSO4(aq) + 2 H2O(l)  → H3PO4(aq) + 2Cu(s) +  H2SO4(aq)

(c) C6H5CHO(l) + 2[Ag (NH3)2]
+(aq) + 3OH–(aq) → C6H5COO–(aq) + 2Ag(s) + 

   4NH3 (aq) + 2 H2O(l)

(d) C6H5CHO(l) + 2Cu2+(aq) + 5OH–(aq) → No change observed. 
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What inference do you draw about the behaviour of Ag+ and Cu2+ from these 
reactions ? 

7�1� %alance tKe IolloZing redox reactions E\ ion – electron PetKod � 

(a) MnO4
– (aq) + I– (aq) →  MnO2 (s) + I2(s) (in basic medium)

(b) MnO4
– (aq) + SO2 (g) →  Mn2+ (aq) + HSO4

– (aq)  (in acidic solution)

(c) H2O2 (aq) + Fe2+ (aq) →  Fe3+ (aq) + H2O (l)  (in acidic solution)

(d) Cr2O7
2– +  SO2(g) →  Cr3+ (aq) + SO4

2– (aq) (in acidic solution)

7.19 Balance the following equations in basic medium by ion-electron method and 
oxidation number methods and identify the oxidising agent and the reducing agent. 

(a) P4(s) + OH–(aq)  →  PH3(g) + HPO2
– (aq) 

(b) N2H4(l) + ClO3
–(aq) → NO(g) + Cl–(g)

(c) Cl2O7 (g) + H2O2(aq) →  ClO2
–(aq) + O2(g) + H+

7.20 What sorts of informations can you draw from the following reaction ?

(CN)2(g) + 2OH–(aq) →  CN–(aq) + CNO–(aq) + H2O(l) 

7.21 The Mn3+ ion is unstable in solution and undergoes disproportionation to give Mn2+, 
MnO2, and H+ ion. Write a balanced ionic equation for the reaction. 

7.22 Consider the elements : 

Cs, Ne, I and F

(a) Identify the element that exhibits only negative oxidation state. 

(b) Identify the element that exhibits only postive oxidation state.

(c) Identify the element that exhibits both positive and negative oxidation states.

(d) Identify the element which exhibits neither the negative nor does the positive 
oxidation state. 

7.23 Chlorine is used to purify drinking water. Excess of chlorine is harmful. The excess 
of chlorine is removed by treating with sulphur dioxide. Present a balanced equation 
for this redox change taking place in water. 

7.24 Refer to the periodic table given in your book and now answer the following questions:

(a) Select the possible non metals that can show disproportionation reaction.

(b) Select three metals that can show disproportionation reaction.

7.25 In Ostwald’s process for the manufacture of nitric acid, the first step involves the 
oxidation of ammonia gas by oxygen gas to give nitric oxide gas and steam. What is 
the maximum weight of nitric oxide that can be obtained starting only with 10.00 
g. of ammonia and 20.00 g of oxygen ? 

7.26 Using the standard electrode potentials given in the Table 8.1, predict if the reaction 
between the following is feasible:

(a) Fe3+(aq) and I–(aq)

(b) Ag+(aq) and Cu(s)

(c) Fe3+ (aq) and Cu(s)

(d) Ag(s) and Fe3+(aq)

(e) Br2(aq) and Fe2+(aq).
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7.27 Predict the products of electrolysis in each of the following:

(i) An aqueous solution of AgNO3 with silver electrodes

(ii) An aqueous solution AgNO3 with platinum electrodes

(iii) A dilute solution of H2SO4 with platinum electrodes

(iv) An aqueous solution of CuCl2 with platinum electrodes.

7.28 Arrange the following metals in the order in which they displace each other from 
the solution of their salts.

Al, Cu, Fe, Mg and Zn.

7.29 Given the standard electrode potentials,

K+�.   –2��39, $g+/Ag = 0.80V,

Hg2+/Hg = 0.79V

Mg2+�0g   –2�379� Cr3+�Cr   –0�7�9

arrange these metals in their increasing order of reducing power.

7.30 Depict the galvanic cell in which the reaction Zn(s) + 2Ag+(aq) → Zn2+(aq) +2Ag(s) 
takes place, Further show:

(i) which of the electrode is negatively charged,

(ii) the carriers of the current in the cell, and

(iii) individual reaction at each electrode.
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Organic chemistry – sOme Basic 
PrinciPles and techniques

aIWHU VWXG\LQJ WKLV XQLW� \RX ZLOO 
EH DEOH WR 

� XQGH U V W DQG  U HDVRQV  I R U
WHWUDYDOHQFH RI FDUERQ DQG
VKDSHV RI RUJDQLF PROHFXOHV�

� ZULWH VWUXFWXUHV RI RUJDQLF
PROHFXOHV LQ YDULRXV ZD\V�

� FODVVLI\ WKH RUJDQLF FRPSRXQGV�
� QDPH WKH FRPSRXQGV DFFRUGLQJ

WR iupac V\VWHP RI QRPHQFODWXUH 
DQG DOVR GHULYH WKHLU VWUXFWXUHV
IURP WKH JLYHQ QDPHV�

� XQGHUVWDQG WKH FRQFHSW RI
RUJDQLF UHDFWLRQ PHFKDQLVP�

� H[SODLQ WKH LQIOXHQFH RI HOHFWURQLF 
GLVSODFHPHQWV RQ VWUXFWXUH DQG
UHDFWLYLW\ RI RUJDQLF FRPSRXQGV�

� UHFRJQLVH WKH W\SHV RI RUJDQLF
UHDFWLRQV�

� O HD U Q  WKH  W HFKQ LTXHV  R I
S X U L I L F D W L R Q  R I  R U J D Q L F
FRPSRXQGV�

� ZULWH WKH FKHPLFDO UHDFWLRQV
LQYROYHG LQ WKH TXDOLWDWLYH
DQDO\VLV RI RUJDQLF FRPSRXQGV�

� XQGHUVWDQG WKH SULQFLSOHV
LQYROYHG LQ TXDQWLWDWLYH DQDO\VLV
RI RUJDQLF FRPSRXQGV�

IQ WKH SUHYLRXV XQLW \RX KDYH OHDUQW WKDW WKH HOHPHQW 
FDUERQ KDV WKH XQLTXH SURSHUW\ FDOOHG catenation GXH WR 
ZKLFK LW IRUPV FRYDOHQW ERQGV ZLWK RWKHU FDUERQ DWRPV� 
iW DOVR IRUPV FRYDOHQW ERQGV ZLWK DWRPV RI RWKHU HOHPHQWV 
OLNH K\GURJHQ� R[\JHQ� QLWURJHQ� VXOSKXU� SKRVSKRUXV 
DQG KDORJHQV� tKH UHVXOWLQJ FRPSRXQGV DUH VWXGLHG 
XQGHU D VHSDUDWH EUDQFK RI FKHPLVWU\ FDOOHG organic 
chemistry� tKLV XQLW LQFRUSRUDWHV VRPH EDVLF SULQFLSOHV 
DQG WHFKQLTXHV RI DQDO\VLV UHTXLUHG IRU XQGHUVWDQGLQJ WKH 
IRUPDWLRQ DQG SURSHUWLHV RI RUJDQLF FRPSRXQGV�

8.1 general intrOductiOn

oUJDQLF FRPSRXQGV DUH YLWDO IRU VXVWDLQLQJ OLIH RQ HDUWK 
DQG LQFOXGH FRPSOH[ PROHFXOHV OLNH JHQHWLF LQIRUPDWLRQ 
EHDULQJ GHR[\ULERQXFOHLF DFLG �dna� DQG SURWHLQV WKDW 
FRQVWLWXWH HVVHQWLDO FRPSRXQGV RI RXU EORRG� PXVFOHV DQG 
VNLQ� oUJDQLF FRPSRXQGV DSSHDU LQ PDWHULDOV OLNH FORWKLQJ� 
IXHOV� SRO\PHUV� G\HV DQG PHGLFLQHV� tKHVH DUH VRPH RI 
WKH LPSRUWDQW DUHDV RI DSSOLFDWLRQ RI WKHVH FRPSRXQGV�

sFLHQFH RI RUJDQLF FKHPLVWU\ LV DERXW WZR KXQGUHG 
\HDUV ROG� aURXQG WKH \HDU ����� FKHPLVWV EHJDQ WR 
GLVWLQJXLVK EHWZHHQ RUJDQLF FRPSRXQGV REWDLQHG IURP 
SODQWV DQG DQLPDOV DQG LQRUJDQLF FRPSRXQGV SUHSDUHG 
IURP PLQHUDO VRXUFHV� bHU]LOLXV� D sZHGLVK FKHPLVW 
SURSRVHG WKDW D µYLWDO IRUFH¶ ZDV UHVSRQVLEOH IRU WKH 
IRUPDWLRQ RI RUJDQLF FRPSRXQGV� hRZHYHU� WKLV QRWLRQ 
ZDV UHMHFWHG LQ ���� ZKHQ )� :RKOHU V\QWKHVLVHG DQ 
RUJDQLF FRPSRXQG� XUHD IURP DQ LQRUJDQLF FRPSRXQG� 
DPPRQLXP F\DQDWH�

nh�cno    nh�conh�

aPPRQLXP F\DQDWH          uUHD

tKH SLRQHHULQJ V\QWKHVLV RI DFHWLF DFLG E\ .ROEH 
������ DQG WKDW RI PHWKDQH E\ bHUWKHORW ������ VKRZHG 
FRQFOXVLYHO\ WKDW RUJDQLF FRPSRXQGV FRXOG EH V\QWKHVLVHG 
IURP LQRUJDQLF VRXUFHV LQ D ODERUDWRU\�

unit 8
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tKH GHYHORSPHQW RI HOHFWURQLF WKHRU\ RI 
FRYDOHQW ERQGLQJ XVKHUHG RUJDQLF FKHPLVWU\ 
LQWR LWV PRGHUQ VKDSH�

8.2 tetraValence OF carBOn: 
shaPes OF Organic cOmPOunds

8.2.1 the shapes of carbon compounds  

tKH NQRZOHGJH RI IXQGDPHQWDO FRQFHSWV RI 
PROHFXODU VWUXFWXUH KHOSV LQ XQGHUVWDQGLQJ 
DQG SUHGLFWLQJ WKH SURSHUWLHV RI RUJDQLF 
FRPSRXQGV� yRX KDYH DOUHDG\ OHDUQW WKHRULHV 
RI YDOHQF\ DQG PROHFXODU VWUXFWXUH LQ uQLW �� 
aOVR� \RX DOUHDG\ NQRZ WKDW WHWUDYDOHQFH RI 
FDUERQ DQG WKH IRUPDWLRQ RI FRYDOHQW ERQGV 
E\ LW DUH H[SODLQHG LQ WHUPV RI LWV HOHFWURQLF 
FRQILJXUDWLRQ DQG WKH K\EULGLVDWLRQ RI s DQG p 
RUELWDOV� iW PD\ EH UHFDOOHG WKDW IRUPDWLRQ DQG 
WKH VKDSHV RI PROHFXOHV OLNH PHWKDQH �ch��� 
HWKHQH �c�h��� HWK\QH �c�h�� DUH H[SODLQHG 
LQ WHUPV RI WKH XVH RI sp�� sp� DQG sp K\EULG 
RUELWDOV E\ FDUERQ DWRPV LQ WKH UHVSHFWLYH 
PROHFXOHV� 

h\EULGLVDWLRQ LQIOXHQFHV WKH ERQG OHQJWK 
DQG ERQG HQWKDOS\ �VWUHQJWK� LQ FRPSRXQGV� 
tKH sp K\EULG RUELWDO FRQWDLQV PRUH s
FKDUDFWHU DQG KHQFH LW LV FORVHU WR LWV QXFOHXV 
DQG IRUPV VKRUWHU DQG VWURQJHU ERQGV WKDQ 
WKH sp� K\EULG RUELWDO� tKH sp� K\EULG RUELWDO 
LV LQWHUPHGLDWH LQ s FKDUDFWHU EHWZHHQ sp
DQG sp� DQG� KHQFH� WKH OHQJWK DQG HQWKDOS\ 
RI WKH ERQGV LW IRUPV� DUH DOVR LQWHUPHGLDWH 
EHWZHHQ WKHP� tKH FKDQJH LQ K\EULGLVDWLRQ 
DIIHFWV WKH HOHFWURQHJDWLYLW\ RI FDUERQ� tKH 
JUHDWHU WKH s FKDUDFWHU RI WKH K\EULG RUELWDOV� 
WKH JUHDWHU LV WKH HOHFWURQHJDWLYLW\� tKXV� D 
FDUERQ DWRP KDYLQJ DQ sp K\EULG RUELWDO ZLWK 
��� s FKDUDFWHU LV PRUH HOHFWURQHJDWLYH WKDQ 
WKDW SRVVHVVLQJ  sp� RU sp� K\EULGLVHG RUELWDOV� 
tKLV UHODWLYH HOHFWURQHJDWLYLW\ LV UHIOHFWHG LQ 
VHYHUDO SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI 
WKH PROHFXOHV FRQFHUQHG� DERXW ZKLFK \RX 
ZLOO OHDUQ LQ ODWHU XQLWV� 

8.2.2  some characteristic Features of S
Bonds

iQ D S �SL� ERQG IRUPDWLRQ� SDUDOOHO RULHQWDWLRQ 
RI WKH WZR p RUELWDOV RQ DGMDFHQW DWRPV LV 
QHFHVVDU\ IRU D SURSHU VLGHZD\V RYHUODS� 

tKXV� LQ h�c ch� PROHFXOH DOO WKH DWRPV 
PXVW EH LQ WKH VDPH SODQH� tKH p RUELWDOV DUH 
PXWXDOO\ SDUDOOHO DQG ERWK WKH p RUELWDOV DUH 
SHUSHQGLFXODU WR WKH SODQH RI WKH PROHFXOH� 
rRWDWLRQ RI RQH ch� IUDJPHQW ZLWK UHVSHFW 
WR RWKHU LQWHUIHUHV ZLWK PD[LPXP RYHUODS 
RI p RUELWDOV DQG� WKHUHIRUH� VXFK URWDWLRQ 
DERXW FDUERQ�FDUERQ GRXEOH ERQG �c c� LV 
UHVWULFWHG� tKH HOHFWURQ FKDUJH FORXG RI WKH S
ERQG LV ORFDWHG DERYH DQG EHORZ WKH SODQH RI 
ERQGLQJ DWRPV� tKLV UHVXOWV LQ WKH HOHFWURQV 
EHLQJ HDVLO\ DYDLODEOH WR WKH DWWDFNLQJ 
UHDJHQWV� iQ JHQHUDO��S ERQGV SURYLGH WKH PRVW 
UHDFWLYH FHQWUHV LQ WKH PROHFXOHV FRQWDLQLQJ
PXOWLSOH ERQGV�

Problem 8.1

hRZ PDQ\ V DQG S ERQGV DUH SUHVHQW LQ 
HDFK RI WKH IROORZLQJ PROHFXOHV"

�D� hc�cch chch� �E� ch� c chch� 

solution

�D� Vc – c� �� Vc–h � �� Sc c ��� S�c�c��

�E� Vc – c� �� Vc–h� �� Sc c� ��

Problem 8.2

:KDW LV WKH W\SH RI K\EULGLVDWLRQ RI HDFK 
FDUERQ LQ WKH IROORZLQJ FRPSRXQGV" 

�D� ch�cO� �E� �ch���co� �F� ch�cn� 

�G� hconh�� �H� ch�ch chcn

solution

�D� sp�� �E� sp�� sp�� �F� sp�� sp� �G� sp�� �H� 
sp�� sp�� sp�� sp

Problem 8.3

:ULWH WKH VWDWH RI  K\EULGLVDWLRQ RI FDUERQ 
LQ WKH IROORZLQJ FRPSRXQGV DQG VKDSHV 
RI HDFK RI WKH PROHFXOHV� 

�D� h�c o� �E� ch�)� �F� hc�n�

solution

�D� sp� K\EULGLVHG FDUERQ� WULJRQDO SODQDU� 
�E� sp� K\EULGLVHG FDUERQ� WHWUDKHGUDO� �F� 
sp K\EULGLVHG FDUERQ� OLQHDU�
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8.3 structural rePresentatiOns
OF Organic cOmPOunds 

8.3.1 complete, condensed and Bond-line 
structural Formulas

sWUXFWXUHV RI RUJDQLF FRPSRXQGV DUH 
UHSUHVHQWHG LQ VHYHUDO ZD\V� tKH /HZLs 
sWUXFWXUH RU GRW VWUXFWXUH� GDVK VWUXFWXUH� 
FRQGHQVHG VWUXFWXUH DQG ERQG OLQH VWUXFWXUDO 
IRUPXODV DUH VRPH RI WKH VSHFLILF W\SHV� tKH 
lHZLV VWUXFWXUHV� KRZHYHU� FDQ EH VLPSOLILHG 
E\ UHSUHVHQWLQJ WKH WZR�HOHFWURQ FRYDOHQW 
ERQG E\ D GDVK �–�� sXFK D VWUXFWXUDO IRUPXOD 
IRFXVHV RQ WKH HOHFWURQV LQYROYHG LQ ERQG 
IRUPDWLRQ�  a VLQJOH GDVK UHSUHVHQWV D VLQJOH 
ERQG� GRXEOH GDVK  LV XVHG IRU GRXEOH ERQG 
DQG D WULSOH GDVK UHSUHVHQWV WULSOH ERQG� lRQH�
SDLUV RI HOHFWURQV RQ KHWHURDWRPV �H�J�� R[\JHQ� 
QLWURJHQ� VXOSKXU� KDORJHQV HWF�� PD\ RU PD\ 
QRW EH VKRZQ� tKXV� HWKDQH �c�h��� HWKHQH 
�c�h��� HWK\QH �c�h�� DQG PHWKDQRO �ch�oh� 
FDQ EH UHSUHVHQWHG E\ WKH IROORZLQJ VWUXFWXUDO 
IRUPXODV� sXFK VWUXFWXUDO UHSUHVHQWDWLRQV DUH 
FDOOHG FRPpOHWH sWUXFWXUDO IRUPXODs�

sLPLODUO\� ch�ch�ch�ch�ch�ch�ch�ch�

FDQ EH IXUWKHU FRQGHQVHG WR ch��ch���ch�� 
)RU IXUWKHU VLPSOLILFDWLRQ� RUJDQLF FKHPLVWV 
XVH DQRWKHU ZD\ RI UHSUHVHQWLQJ WKH 
VWUXFWXUHV� LQ ZKLFK RQO\ OLQHV DUH XVHG� 
iQ WKLV ERQG�OLQH sWUXFWXUDO UHSUHVHQWDWLRQ 
RI  RUJDQLF  FRPSRXQGV�  FDUERQ DQG 
K\GURJHQ DWRPV DUH QRW VKRZQ DQG WKH 
OLQHV UHSUHVHQWLQJ FDUERQ�FDUERQ ERQGV DUH  
GUDZQ LQ D ]LJ�]DJ IDVKLRQ� tKH RQO\ DWRPV 
VSHFLILFDOO\ ZULWWHQ DUH R[\JHQ� FKORULQH� 
QLWURJHQ HWF� tKH WHUPLQDOV GHQRWH PHWK\O 
�–ch�� JURXSV �XQOHVV LQGLFDWHG RWKHUZLVH E\ 
D IXQFWLRQDO JURXS�� ZKLOH WKH OLQH MXQFWLRQV 
GHQRWH FDUERQ DWRPV ERQGHG WR DSSURSULDWH 
QXPEHU RI K\GURJHQV UHTXLUHG WR VDWLVI\ WKH 
YDOHQF\ RI WKH FDUERQ DWRPV� sRPH RI WKH 
H[DPSOHV DUH UHSUHVHQWHG DV IROORZV�

�L� ��mHWK\ORFWDQH FDQ EH UHSUHVHQWHG LQ 
YDULRXV IRUPV DV�

�D�   ch�ch�chch�ch�ch�ch�ch�

                   �_
                   ch�

tKHVH VWUXFWXUDO IRUPXODV FDQ EH IXUWKHU 
DEEUHYLDWHG E\ RPLWWLQJ VRPH RU DOO RI WKH 
GDVKHV UHSUHVHQWLQJ FRYDOHQW ERQGV DQG E\ 
LQGLFDWLQJ WKH QXPEHU RI LGHQWLFDO JURXSV 
DWWDFKHG WR DQ DWRP E\ D VXEVFULSW� tKH 
UHVXOWLQJ H[SUHVVLRQ RI WKH FRPSRXQG LV 
FDOOHG D FRQGHQsHG sWUXFWXUDO IRUPXOD� tKXV� 
HWKDQH� HWKHQH� HWK\QH DQG PHWKDQRO FDQ EH 
ZULWWHQ DV�

ch�ch�        h�c ch�       hc�ch            ch�oh 

(WKDQH       (WKHQH         (WK\QH      0HWKDQRO

     (WKDQH                  (WKHQH               

   (WK\QH              0HWKDQRO

�LL� 9DULRXV ZD\V RI UHSUHVHQWLQJ ��EURPR 
EXWDQH DUH�

�D�  ch�chbUch�ch�  �E�  

�F�  

�E�

�F�
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iQ F\FOLF FRPSRXQGV� WKH ERQG�OLQH IRUPXODV 
PD\ EH JLYHQ DV IROORZV�

c\FORSURSDQH

c\FORSHQWDQH

FKORURF\FORKH[DQH

Problem 8.4

e[SDQG HDFK RI WKH IROORZLQJ FRQGHQVHG 
IRUPXODV LQWR WKHLU FRPSOHWH VWUXFWXUDO 
IRUPXODV�

�D� ch�ch�coch�ch�

�E� ch�ch ch�ch���ch�

solution

�D�

�E�  

�E�

solution

cRQGHQVHG IRUPXOD�

�D� ho�ch���ch�ch��ch�ch���
�E� hoch�cn��
bRQG�OLQH IRUPXOD�

Problem 8.5

)RU HDFK RI WKH IROORZLQJ FRPSRXQGV� 
ZULWH D  FRQGHQVHG IRUPXOD DQG DOVR WKHLU 
ERQG�OLQH IRUPXOD�

�D� hoch�ch�ch�ch�ch��ch�ch��ch�

�E�

�D�

Problem 8.6

e[SDQG HDFK RI WKH IROORZLQJ ERQG�OLQH 
IRUPXODV WR VKRZ DOO WKH DWRPV LQFOXGLQJ 
FDUERQ DQG K\GURJHQ

�D�

�E�

�F�

�G�

solution
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 )UDPHZRUN PRGHO %DOO DQG sWLFN PRGHO

6pDFH ILOOLQJ PRGHO

Fig. 8.2

8.3.2 three-dimensional 
representation of Organic 
molecules

tKH WKUHH�GLPHQVLRQDO ���d� VWUXFWXUH RI 
RUJDQLF PROHFXOHV FDQ EH UHSUHVHQWHG RQ 
SDSHU E\ XVLQJ FHUWDLQ FRQYHQWLRQV� )RU 
H[DPSOH� E\ XVLQJ VROLG � � DQG GDVKHG 
� � ZHGJH IRUPXOD� WKH ��d LPDJH RI D 
PROHFXOH IURP D WZR�GLPHQVLRQDO SLFWXUH
FDQ EH SHUFHLYHG� iQ WKHVH IRUPXODV WKH
VROLG�ZHGJH LV XVHG WR LQGLFDWH D ERQG 
SURMHFWLQJ RXW RI WKH SODQH RI SDSHU� WRZDUGV 
WKH REVHUYHU� tKH GDVKHG�ZHGJH LV XVHG WR 
GHSLFW WKH ERQG SURMHFWLQJ RXW RI WKH SODQH RI 
WKH SDSHU DQG DZD\ IURP WKH REVHUYHU� :HGJHV 
DUH VKRZQ LQ VXFK D ZD\ WKDW WKH EURDG HQG RI 
WKH ZHGJH LV WRZDUGV WKH REVHUYHU� tKH ERQGV 
O\LQJ LQ SODQH RI WKH SDSHU DUH GHSLFWHG E\ 
XVLQJ D QRUPDO OLQH �²�� ��d UHSUHVHQWDWLRQ RI 
PHWKDQH PROHFXOH RQ SDSHU KDV EHHQ VKRZQ 
LQ )LJ� ��� 

Fig. 8.1 :HGJH�DQG�GDsK UHpUHsHQWDWLRQ RI &+
�

molecular models

mROHFXODU PRGHOV DUH SK\VLFDO GHYLFHV 
WKDW DUH XVHG IRU D EHWWHU YLVXDOLVDWLRQ DQG 
SHUFHSWLRQ RI WKUHH�GLPHQVLRQDO VKDSHV 
RI RUJDQLF PROHFXOHV� tKHVH DUH PDGH RI 
ZRRG� SODVWLF RU PHWDO DQG DUH FRPPHUFLDOO\ 
DYDLODEOH� cRPPRQO\ WKUHH W\SHV RI PROHFXODU 
PRGHOV DUH XVHG� ��� )UDPHZRUN PRGHO� ��� 
%DOO�DQG�sWLFN PRGHO� DQG ��� 6pDFH ILOOLQJ 
PRGHO� iQ WKH IUDPHZRUN PRGHO RQO\ WKH 
ERQGV FRQQHFWLQJ WKH DWRPV RI D PROHFXOH 
DQG QRW WKH DWRPV WKHPVHOYHV DUH VKRZQ� 
tKLV PRGHO HPSKDVL]HV WKH SDWWHUQ RI 
ERQGV RI D PROHFXOH ZKLOH LJQRULQJ WKH VL]H 
RI DWRPV� iQ WKH EDOO�DQG�sWLFN PRGHO� ERWK 
WKH DWRPV DQG WKH ERQGV DUH VKRZQ� bDOOV 
UHSUHVHQW DWRPV DQG WKH VWLFN GHQRWHV D 
ERQG� cRPSRXQGV FRQWDLQLQJ c c �H�J�� 
HWKHQH� FDQ EHVW EH UHSUHVHQWHG E\ XVLQJ 
VSULQJV LQ SODFH RI VWLFNV� tKHVH PRGHOV DUH 
UHIHUUHG WR DV EDOO�DQG�spULQJ PRGHO� tKH 
spDFH�ILOOLQJ PRGHO HPSKDVLVHV WKH UHODWLYH 
VL]H RI HDFK DWRP EDVHG RQ LWV YDQ GHU :DDOV 
UDGLXV� bRQGV DUH QRW VKRZQ LQ WKLV PRGHO� 
iW FRQYH\V WKH YROXPH RFFXSLHG E\ HDFK DWRP 
LQ WKH PROHFXOH� iQ DGGLWLRQ WR WKHVH PRGHOV� 
FRPSXWHU JUDSKLFV FDQ DOVR EH XVHG IRU 
PROHFXODU PRGHOOLQJ� 
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8.4 classiFicatiOn OF Organic
cOmPOunds

tKH H[LVWLQJ ODUJH QXPEHU RI RUJDQLF 
FRPSRXQGV DQG WKHLU HYHU �LQFUHDVLQJ 
QXPEHUV KDV PDGH LW QHFHVVDU\ WR FODVVLI\ 
WKHP RQ WKH EDVLV RI WKHLU VWUXFWXUHV� oUJDQLF 
FRPSRXQGV DUH EURDGO\ FODVVLILHG DV IROORZV�

i. Acyclic or open chain compounds

tKHVH FRPSRXQGV DUH DOVR FDOOHG DV aliphatic
FRPSRXQGV DQG FRQVLVW RI VWUDLJKW RU 
EUDQFKHG FKDLQ FRPSRXQGV� IRU H[DPSOH�

�KRPRF\FOLF��

c\FORKH[HQHc\FORKH[DQHc\FORSURSDQH 

sRPHWLPHV DWRPV RWKHU WKDQ FDUERQ DUH 
DOVR SUHVHQW LQ WKH ULQJ �KHWHURF\OLF�� 
tHWUDK\GURIXUDQ JLYHQ EHORZ LV DQ H[DPSOH 
RI WKLV W\SH RI FRPSRXQG�

tHWUDK\GURIXUDQ

tKHVH H[KLELW VRPH RI WKH SURSHUWLHV VLPLODU 
WR WKRVH RI DOLSKDWLF FRPSRXQGV�

(b) aromatic compounds

aURPDWLF FRPSRXQGV DUH VSHFLDO W\SHV RI 
FRPSRXQGV� yRX ZLOO OHDUQ DERXW WKHVH 
FRPSRXQGV LQ GHWDLO LQ uQLW �� tKHVH LQFOXGH 
EHQ]HQH DQG RWKHU UHODWHG ULQJ FRPSRXQGV 
�EHQ]HQRLG�� lLNH DOLF\FOLF FRPSRXQGV� 
DURPDWLF FRPRXQGV PD\ DOVR KDYH KHWHUR 
DWRP LQ WKH ULQJ� sXFK FRPSRXQGV DUH FDOOHG 
KHWURF\FOLF DURPDWLF FRPSRXQGV� sRPH RI 
WKH H[DPSOHV RI YDULRXV W\SHV RI DURPDWLF 
FRPSRXQGV DUH�

Benzenoid aromatic compounds

bHQ]HQH          aQLOLQH            nDSKWKDOHQH

Non-benzenoid compound

tURSRQH

iVREXWDQH

aFHWDOGHK\GH aFHWLF DFLG

ch�ch�

eWKDQH

ii Cyclic or closed chain or ring 
compounds

(a) alicyclic compounds 
aOLF\FOLF �DOLSKDWLF F\FOLF� FRPSRXQGV FRQWDLQ 
FDUERQ DWRPV MRLQHG LQ WKH IRUP RI D ULQJ 
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Heterocyclic aromatic compounds

   )XUDQ             tKLRSKHQH            p\ULGLQH
oUJDQLF FRPSRXQGV FDQ DOVR EH FODVVLILHG 

RQ WKH EDVLV RI IXQFWLRQDO JURXSV� LQWR IDPLOLHs
RU KRPRORJRXs sHULHs�

8.4.1 Functional group
tKH IXQFWLRQDO JURXS LV DQ DWRP  RU D JURXS 
RI DWRPV MRLQHG WR WKH FDUERQ FKDLQ ZKLFK LV 
UHVSRQVLEOH IRU WKH FKDUDFWHULVWLF FKHPLFDO 
SURSHUWLHV RI WKH RUJDQLF FRPSRXQGV� tKH 
H[DPSOHV DUH K\GUR[\O JURXS �–oh�� DOGHK\GH 
JURXS �–cho� DQG FDUER[\OLF DFLG JURXS �–
cooh� HWF�

8.4.2 homologous series
a JURXS RU D VHULHV RI RUJDQLF FRPSRXQGV HDFK 
FRQWDLQLQJ D FKDUDFWHULVWLF IXQFWLRQDO JURXS 
IRUPV D KRPRORJRXV VHULHV DQG WKH PHPEHUV RI 
WKH VHULHV DUH FDOOHG KRPRORJXHs� tKH PHPEHUV 
RI D KRPRORJRXV VHULHV FDQ EH UHSUHVHQWHG E\ 
JHQHUDO PROHFXODU IRUPXOD DQG WKH VXFFHVVLYH 
PHPEHUV GLIIHU IURP HDFK RWKHU LQ PROHFXODU 
IRUPXOD E\ D –ch� XQLW� tKHUH DUH D QXPEHU 
RI KRPRORJRXV VHULHV RI RUJDQLF FRPSRXQGV� 
sRPH RI WKHVH DUH DONDQHV� DONHQHV� DON\QHV� 
KDORDONDQHV� DONDQROV� DONDQDOV� DONDQRQHV� 
DONDQRLF DFLGV� DPLQHV HWF�

iW LV DOVR SRVVLEOH WKDW D FRPSRXQG FRQWDLQV 
WZR RU PRUH LGHQWLFDO RU GLIIHUHQW IXQFWLRQDO 
JURXSV� tKLV JLYHV ULVH WR SRO\IXQFWLRQDO 
FRPSRXQGV�

8.5  nOmenclature OF Organic 
cOmPOunds

oUJDQLF FKHPLVWU\ GHDOV ZLWK PLOOLRQV RI 
FRPSRXQGV� iQ RUGHU WR FOHDUO\ LGHQWLI\
WKHP� D V\VWHPDWLF PHWKRG RI QDPLQJ KDV 
EHHQ GHYHORSHG DQG LV NQRZQ DV WKH iuPac
(international union of Pure and applied 
chemistry) V\VWHP RI QRPHQFODWXUH� iQ WKLV 
V\VWHPDWLF QRPHQFODWXUH� WKH QDPHV DUH 
FRUUHODWHG ZLWK WKH VWUXFWXUH VXFK WKDW WKH 
UHDGHU RU OLVWHQHU FDQ GHGXFH WKH VWUXFWXUH 
IURP WKH QDPH� 

bHIRUH WKH iupac V\VWHP RI QRPHQFODWXUH� 
KRZHYHU� RUJDQLF FRPSRXQGV ZHUH DVVLJQHG 
QDPHV EDVHG RQ WKHLU RULJLQ RU FHUWDLQ 
SURSHUWLHV� )RU LQVWDQFH� FLWULF DFLG LV QDPHG 

VR EHFDXVH LW LV IRXQG LQ FLWUXV IUXLWV DQG WKH 
DFLG IRXQG LQ UHG DQW LV QDPHG IRUPLF DFLG 
VLQFH WKH lDWLQ ZRUG IRU DQW LV IRUPLFD� tKHVH 
QDPHV DUH WUDGLWLRQDO DQG DUH FRQVLGHUHG 
DV WULYLDO RU FRPPRQ QDPHs� sRPH FRPPRQ 
QDPHV DUH IROORZHG HYHQ WRGD\� )RU H[DPSOH�  
bXFNPLQVWHUIXOOHUHQH LV D FRPPRQ QDPH 
JLYHQ WR WKH QHZO\ GLVFRYHUHG c�� FOXVWHU �D 
IRUP RI FDUERQ� QRWLQJ LWV VWUXFWXUDO VLPLODULW\ 
WR WKH JHRGHVLF GRPHV SRSXODULVHG E\ WKH 
IDPRXV DUFKLWHFW r� bXFNPLQVWHU )XOOHU� 
cRPPRQ QDPHV DUH XVHIXO DQG LQ PDQ\ 
FDVHV LQGLVSHQVDEOH� SDUWLFXODUO\ ZKHQ WKH 
DOWHUQDWLYH V\VWHPDWLF QDPHV DUH OHQJWK\ DQG 
FRPSOLFDWHG� cRPPRQ QDPHV RI VRPH RUJDQLF 
FRPSRXQGV DUH JLYHQ LQ tDEOH ���� 

table 8.1 common or trivial names of some
Organic compounds

8.5.1  the iuPac system of nomenclature
a V\VWHPDWLF QDPH RI DQ RUJDQLF FRPSRXQG 
LV JHQHUDOO\ GHULYHG E\ LGHQWLI\LQJ WKH SDUHQW 
K\GURFDUERQ DQG WKH IXQFWLRQDO JURXS�V� 
DWWDFKHG WR LW� sHH WKH H[DPSOH JLYHQ EHORZ� 
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By further using prefixes and suffixes, the 
parent name can be modified to obtain the 
actual name. Compounds containing carbon 
and hydrogen only are called hydrocarbons. 
A hydrocarbon is termed saturated if it 
contains only carbon-carbon single bonds. 
The IUPAC name for a homologous series of 
such compounds is alkane. Paraffin (Latin: 
little affinity) was the earlier name given to 
these compounds. Unsaturated hydrocarbons 
are those, which contain at least one carbon-
carbon double or triple bond. 

8.5.2	 IUPAC Nomenclature of  Alkanes

Straight chain hydrocarbons: The names 
of such compounds are based on their chain 
structure, and end with suffix ‘-ane’ and carry 
a prefix indicating the number of carbon 
atoms present in the chain (except from CH4 
to C4H10, where the prefixes are derived from 
trivial names). The IUPAC names of some 
straight chain saturated hydrocarbons are 
given in Table 8.2. The alkanes in Table 
8.2 differ from each other by merely the 
number of -CH2 groups in the chain. They are 
homologues of alkane series.

In order to name such compounds, the names 
of alkyl groups are prefixed to the name of 
parent alkane. An alkyl group is derived 
from a saturated hydrocarbon by removing 
a hydrogen atom from carbon.  Thus, CH4 
becomes  -CH3 and is called methyl group. An 
alkyl group is named by substituting ‘yl’ for 
‘ane’ in the corresponding alkane. Some alkyl 
groups are listed in Table 8.3.

Table 8.3  Some Alkyl Groups

Table 8.2	 IUPAC Names of Some Unbranched 
Saturated Hydrocarbons

Branched chain hydrocarbons: In a 
branched chain compound small chains of 
carbon atoms are attached at one or more 
carbon atoms of the parent chain. The small 
carbon chains (branches) are called alkyl 
groups. For example:

CH3–CH–CH2–CH3  CH3–CH–CH2–CH–CH3

	 	 		  
CH3		 CH2CH3   CH3

(a) (b)

	 Abbreviations are used for some alkyl 
groups. For example, methyl is abbreviated as 
Me, ethyl as Et, propyl as Pr and butyl as Bu. 
The alkyl groups can be branched also. Thus, 
propyl and butyl groups can have branched 
structures as shown below. 
CH3-CH-	 CH3-CH-CH-	    CH3 

      
CH3

CH3 CH3

Isopropyl- sec-Butyl- Isobutyl-

	 
         CH3    CH3

CH3-C-           CH3-C-CH2-

	 
CH3	           CH3

tert-Butyl- Neopentyl-

CH-CH2-

	 Common branched groups have specific 
trivial names. For example, the propyl groups 
can either be n-propyl group or isopropyl 
group. The branched butyl groups are called 
sec-butyl, isobutyl and tert-butyl group. 
We also encounter the structural unit,  
–CH2C(CH3)3, which is called neopentyl group.

Nomenclature of branched chain alkanes:  
We encounter a number of branched chain 
alkanes. The rules for naming them are given 
below.
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VHSDUDWHG IURP WKH JURXSV E\ K\SKHQV 
DQG WKHUH LV QR EUHDN EHWZHHQ PHWK\O 
DQG QRQDQH�@ 

�� iI WZR RU PRUH LGHQWLFDO VXEVWLWXHQW
JURXSV DUH SUHVHQW WKHQ WKH QXPEHUV 
DUH VHSDUDWHG E\ FRPPDV� tKH QDPHV RI 
LGHQWLFDO VXEVWLWXHQWV DUH QRW UHSHDWHG� 
LQVWHDG SUHIL[HV VXFK DV GL �IRU ��� WUL 
�IRU ��� WHWUD �IRU ��� SHQWD �IRU ��� KH[D �IRU 
�� HWF� DUH XVHG� :KLOH ZULWLQJ WKH QDPH 
RI WKH VXEVWLWXHQWV LQ DOSKDEHWLFDO RUGHU� 
WKHVH SUHIL[HV� KRZHYHU� DUH QRW FRQVLGHUHG� 
tKXV� WKH IROORZLQJ FRPSRXQGV DUH 
QDPHG DV� 

ch� ch� ch� ch�

 �  �  �  
ch��ch�ch��ch�ch� ch�c ch�ch ch�

�� �� �� �� �� �� � � �� �� �
ch�

����'LPHWK\OpHQWDQH ������7ULPHWK\OpHQWDQH

h�c h�c ch�

� � � � �  �  
ch�ch�chcch�ch�ch�

  � � �  � � � �
    ch�

��(WK\O�����GLPHWK\OKHpWDQH 

�� iI WKH WZR VXEVWLWXHQWV DUH IRXQG LQ
HTXLYDOHQW SRVLWLRQV� WKH lower number 
is given to the one coming first in the 
alphabetical listing� tKXV� WKH IROORZLQJ 
FRPSRXQG LV ��HWK\O���PHWK\ORFWDQH DQG 
QRW ��HWK\O���PHWK\ORFWDQH�

� � � � � � � �
ch� ² ch�²ch²ch�²ch�²ch²ch� ²ch�

� �  � � �  �
� � ch�ch�� � ch�

�� tKH EUDQFKHG DON\O JURXSV FDQ EH 
QDPHG E\ IROORZLQJ WKH DERYH PHQWLRQHG 
SURFHGXUHV� hRZHYHU� WKH carbon atom 
of the branch that attaches to the root 
alkane LV QXPEHUHG � DV H[HPSOLILHG 
EHORZ� 

� � � �
ch�–ch–ch�–ch–  

�  � �  
ch� ch�
����'LPHWK\OEXW\O�

�� )LUVW RI DOO� WKH longest carbon chain in 
the molecule is identified� iQ WKH H[DPSOH  
�i� JLYHQ EHORZ� WKH ORQJHVW FKDLQ KDV QLQH 
FDUERQV DQG LW LV FRQVLGHUHG DV WKH pDUHQW
RU URRW FKDLQ� sHOHFWLRQ RI SDUHQW FKDLQ DV 
VKRZQ LQ �ii� LV QRW FRUUHFW EHFDXVH LW KDV 
RQO\ HLJKW FDUERQV�

�� tKH FDUERQ DWRPV RI WKH SDUHQW FKDLQ DUH 
QXPEHUHG WR LGHQWLI\ WKH SDUHQW DONDQH 
DQG WR ORFDWH WKH SRVLWLRQV RI WKH FDUERQ 
DWRPV DW ZKLFK EUDQFKLQJ WDNHV SODFH GXH 
WR WKH VXEVWLWXWLRQ RI DON\O JURXS LQ SODFH 
RI K\GURJHQ DWRPV� the numbering is 
done in such a way that the branched 
carbon atoms get the lowest possible 
numbers. tKXV� WKH QXPEHULQJ LQ WKH 
DERYH H[DPSOH VKRXOG EH IURP OHIW WR ULJKW 
�EUDQFKLQJ DW FDUERQ DWRPV � DQG �� DQG 
QRW IURP ULJKW WR OHIW �JLYLQJ QXPEHUV 
� DQG  � WR WKH FDUERQ DWRPV DW ZKLFK 
EUDQFKHV DUH DWWDFKHG��

� � � � � � � � �
c  c  c  c  c  c  c  c  c

      
c    cc

� � � � � � � � �
c  c  c  c  c  c  c  c  c

      
c    c  c

�� tKH QDPHV RI  DON\O JURXSV DWWDFKHG 
DV D EUDQFK DUH WKHQ SUHIL[HG WR WKH 
QDPH RI WKH SDUHQW DONDQH DQG SRVLWLRQ 
RI WKH VXEVWLWXHQWV LV LQGLFDWHG E\ WKH 
DSSURSULDWH QXPEHUV� iI GLIIHUHQW DON\O 
JURXSV DUH SUHVHQW� WKH\ DUH OLVWHG LQ 
DOSKDEHWLFDO RUGHU� tKXV� QDPH IRU WKH 
FRPSRXQG VKRZQ DERYH LV� ��HWK\O���
PHWK\OQRQDQH� >nRWH� WKH QXPEHUV DUH 
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tKH QDPH RI VXFK EUDQFKHG FKDLQ DON\O JURXS 
LV SODFHG LQ SDUHQWKHVLV ZKLOH QDPLQJ WKH 
FRPSRXQG� :KLOH ZULWLQJ WKH WULYLDO QDPHV 
RI VXEVWLWXHQWV¶ in alphabetical order, the 
prefixes iso- and neo- are considered to be 
the part of the fundamental name of alkyl 
group. the prefixes sec- and tert- are not
FRQVLGHUHG WR EH WKH SDUW RI WKH IXQGDPHQWDO 
QDPH� tKH XVH RI LsR DQG UHODWHG FRPPRQ 
SUHIL[HV IRU QDPLQJ DON\O JURXSV LV DOVR 
DOORZHG E\ WKH iupac QRPHQFODWXUH DV ORQJ 
DV WKHVH DUH QRW IXUWKHU VXEVWLWXWHG� iQ PXOWL�
VXEVWLWXWHG FRPSRXQGV� WKH IROORZLQJ UXOHV 
PD\ DVR EH UHPHPEHUHG�

Ć iI WKHUH KDSSHQV WR EH WZR FKDLQV RI HTXDO
VL]H� WKHQ WKDW FKDLQ LV WR EH VHOHFWHG ZKLFK 
FRQWDLQV PRUH QXPEHU RI VLGH FKDLQV�

Ć aIWHU VHOHFWLRQ RI WKH FKDLQ� QXPEHULQJ
LV WR EH GRQH IURP WKH HQG FORVHU WR WKH 
VXEVWLWXHQW�

�������'LPHWK\OpURp\O�QRQDQH 

   Problem 8.7
sWUXFWXUHV DQG iupac QDPHV RI VRPH 
K\GURFDUERQV DUH JLYHQ EHORZ� e[SODLQ 
ZK\ WKH QDPHV JLYHQ LQ WKH SDUHQWKHVHV 
DUH LQFRUUHFW�

��(WK\O�����GLPHWK\OF\FORKH[DQH                 
�QRW ��HWK\O�����GLPHWK\OF\FORKH[DQH�

Cyclic Compounds: a VDWXUDWHG PRQRF\FOLF 
FRPSRXQG LV QDPHG E\ SUHIL[LQJ µF\FOR¶ WR WKH 
FRUUHVSRQGLQJ VWUDLJKW FKDLQ DONDQH� iI VLGH 
FKDLQV DUH SUHVHQW� WKHQ WKH UXOHV JLYHQ DERYH 
DUH DSSOLHG� nDPHV RI VRPH F\FOLF FRPSRXQGV 
DUH JLYHQ EHORZ� 

��sHF�%XW\O���LsRpURp\OGHFDQH

solution

�D� lRZHVW ORFDQW QXPEHU� ����� LV 
ORZHU WKDQ ������ �E� VXEVWLWXHQWV DUH 
LQ HTXLYDOHQW SRVLWLRQ� ORZHU QXPEHU LV
JLYHQ WR WKH RQH WKDW FRPHV ILUVW LQ WKH 
QDPH DFFRUGLQJ WR DOSKDEHWLFDO RUGHU�

������ 7ULPHWK\ORFWDQH 
>DQG QRW ������7ULPHWK\ORFWDQH@

��(WK\O���PHWK\OKHpWDQH 
>DQG QRW ��(WK\O���PHWK\OKHpWDQH@

8.5.3 nomenc l a tu re  o f  O rgan i c 
compounds having Functional 
group(s)

a IXQFWLRQDO JURXS� DV GHILQHG HDUOLHU� LV DQ 
DWRP RU D JURXS RI DWRPV ERQGHG WRJHWKHU LQ 
D XQLTXH PDQQHU ZKLFK LV XVXDOO\ WKH VLWH RI

�����(WK\OEXW\O������GLPHWK\OGHFDQH 
>DQG QRW �������'LPHWK\OEXW\O����HWK\OGHFDQH@       
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FKHPLFDO UHDFWLYLW\ LQ DQ RUJDQLF PROHFXOH�  
cRPSRXQGV KDYLQJ WKH VDPH IXQFWLRQDO 
JURXS XQGHUJR VLPLODU UHDFWLRQV� )RU H[DPSOH� 
ch�oh� ch�ch�oh� DQG �ch���choh ² 
DOO KDYLQJ �oh IXQFWLRQDO JURXS OLEHUDWH 
K\GURJHQ RQ UHDFWLRQ ZLWK VRGLXP PHWDO� 
tKH SUHVHQFH RI IXQFWLRQDO JURXSV HQDEOHV 
V\VWHPDWLVDWLRQ RI RUJDQLF FRPSRXQGV LQWR 
GLIIHUHQW FODVVHV� e[DPSOHV RI VRPH IXQFWLRQDO 
JURXSV ZLWK WKHLU SUHIL[HV DQG VXIIL[HV DORQJ 
ZLWK VRPH H[DPSOHV RI RUJDQLF FRPSRXQGV 
SRVVHVVLQJ WKHVH DUH JLYHQ LQ tDEOH ����

)LUVW RI DOO� WKH IXQFWLRQDO JURXS SUHVHQW 
LQ WKH PROHFXOH LV LGHQWLILHG ZKLFK GHWHUPLQHV 
WKH FKRLFH RI DSSURSULDWH VXIIL[� the longest 
chain of carbon atoms containing the 
functional group is numbered in such a way 
that the functional group is attached at the 
carbon atom possessing lowest possible 
number in the chain� b\ XVLQJ WKH VXIIL[ DV 
JLYHQ LQ tDEOH ���� WKH QDPH RI WKH FRPSRXQG 
LV DUULYHG DW� 

iQ WKH FDVH RI SRO\IXQFWLRQDO FRPSRXQGV� 
RQH RI WKH IXQFWLRQDO JURXSV LV FKRVHQ DV WKH 
pULQFLpDO IXQFWLRQDO JURXp DQG WKH FRPSRXQG 
LV WKHQ QDPHG RQ WKDW EDVLV� tKH UHPDLQLQJ 
IXQFWLRQDO JURXSV� ZKLFK DUH VXERUGLQDWH 
IXQFWLRQDO JURXSV� DUH QDPHG DV VXEVWLWXHQWV 
XVLQJ WKH DSSURSULDWH SUHIL[HV� tKH FKRLFH RI 
SULQFLSDO IXQFWLRQDO JURXS LV PDGH RQ WKH EDVLV 
RI RUGHU RI SUHIHUHQFH� the order of decreasing 
priority for some functional groups is: 
-cOOh, –sO3h, -cOOr (r=alkyl group), cOcl,  
-cOnh2, -cn,-hc=O,  >c=O, -Oh, -nh2, >
c=c<,  -c�c- . 
tKH –r� c�h��� KDORJHQV �)� cO� bU� i�� –no�� 
DONR[\ �–or� HWF�  DUH DOZD\V SUHI L[ 
VXEVWLWXHQWV� tKXV� D FRPSRXQG FRQWDLQLQJ 
ERWK DQ DOFRKRO DQG D NHWR JURXS LV QDPHG 
DV K\GUR[\DONDQRQH VLQFH WKH NHWR JURXS LV 
SUHIHUUHG WR WKH K\GUR[\O JURXS� 

)RU H[DPSOH� hoch��ch���ch�coch� ZLOO 
EH QDPHG DV ��K\GUR[\KHSWDQ���RQH DQG QRW 
DV ��R[RKHSWDQ ���RO� sLPLODUO\� bUch�ch ch�
LV QDPHG DV ��EURPRSURS���HQH DQG QRW 
��EURPRSURS���HQH� 

iI PRUH WKDQ RQH IXQFWLRQDO JURXS RI WKH
VDPH W\SH DUH SUHVHQW� WKHLU QXPEHU LV 
LQGLFDWHG E\ DGGLQJ GL� WUL� HWF� EHIRUH WKH 

FODVV VXIIL[� iQ VXFK FDVHV WKH IXOO QDPH RI WKH 
SDUHQW DONDQH LV ZULWWHQ EHIRUH WKH FODVV VXIIL[� 
)RU H[DPSOH ch��oh�ch��oh� LV QDPHG DV 
HWKDQH–���–GLRO� hRZHYHU� WKH HQGLQJ – QH RI 
WKH SDUHQW DONDQH LV GURSSHG  LQ WKH FDVH RI 
FRPSRXQGV KDYLQJ PRUH WKDQ  RQH  GRXEOH RU 
WULSOH ERQG� IRU H[DPSOH� ch� ch�ch ch� LV 
QDPHG DV EXWD–���–GLHQH�

Problem 8.8

:ULWH WKH iupac QDPHV RI WKH FRPSRXQGV  
L�LY IURP WKHLU JLYHQ VWUXFWXUHV�

solution 

Ć tKH IXQFWLRQDO JURXS SUHVHQW LV DQ
DOFRKRO �oh�� hHQFH WKH VXIIL[ LV µ�RO¶�

Ć tKH ORQJHVW FKDLQ FRQWDLQLQJ �oh 
KDV HLJKW FDUERQ DWRPV� hHQFH WKH 
FRUUHVSRQGLQJ VDWXUDWHG K\GURFDU�
ERQ LV RFWDQH�

Ć tKH �oh LV RQ FDUERQ DWRP �� iQ 
DGGLWLRQ� D PHWK\O JURXS LV DWWDFKHG 
DW �WK FDUERQ�
hHQFH� WKH V\VWHPDWLF QDPH RI WKLV 
FRPSRXQG LV ��mHWK\ORFWDQ���RO�

solution

tKH IXQFWLRQDO JURXS SUHVHQW LV NHWRQH 
�!c o�� KHQFH VXIIL[ µ�RQH¶� pUHVHQFH 
RI WZR NHWR JURXSV LV LQGLFDWHG E\ µGL¶� 
KHQFH VXIIL[ EHFRPHV µGLRQH¶� tKH WZR 
NHWR JURXSV DUH DW FDUERQV � DQG �� 
tKH ORQJHVW FKDLQ FRQWDLQV � FDUERQ 
DWRPV� KHQFH� SDUHQW K\GURFDUERQ LV 
KH[DQH� tKXV� WKH V\VWHPDWLF QDPH LV 
hH[DQH�����GLRQH�
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table 8.4  some Functional groups and classes of Organic compounds
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solution

hHUH� WZR IXQFWLRQDO JURXSV QDPHO\ 
NHWRQH DQG FDUER[\OLF DFLG DUH SUHVHQW� 
tKH SULQFLSDO IXQFWLRQDO JURXS LV WKH 
FDUER[\OLF DFLG JURXS� KHQFH WKH SDUHQW 
FKDLQ ZLOO EH VXIIL[HG ZLWK µRLF¶ DFLG� 
nXPEHULQJ RI WKH FKDLQ VWDUWV IURP 
FDUERQ RI – cooh IXQFWLRQDO JURXS� 
tKH NHWR JURXS LQ WKH FKDLQ DW FDUERQ 
� LV LQGLFDWHG E\ µR[R¶� tKH ORQJHVW 
FKDLQ LQFOXGLQJ WKH SULQFLSDO IXQFWLRQDO 
JURXS KDV � FDUERQ DWRPV� KHQFH WKH 
SDUHQW K\GURFDUERQ LV KH[DQH� tKH 
FRPSRXQG LV� WKHUHIRUH� QDPHG DV 
��o[RKH[DQRLF DFLG�

solution

tKH WZR c c IXQFWLRQDO JURXSV DUH 
SUHVHQW DW FDUERQ DWRPV � DQG �� ZKLOH 
WKH c�c IXQFWLRQDO JURXS LV SUHVHQW DW 
FDUERQ �� tKHVH JURXSV DUH LQGLFDWHG E\ 
VXIIL[HV µGLHQH¶ DQG µ\QH¶ UHVSHFWLYHO\� tKH 
ORQJHVW FKDLQ FRQWDLQLQJ WKH IXQFWLRQDO 
JURXSV KDV � FDUERQ DWRPV� KHQFH WKH 
SDUHQW K\GURFDUERQ LV KH[DQH� tKH QDPH 
RI FRPSRXQG� WKHUHIRUH� LV hH[D�����
GLHQ���\QH�

Problem 8.9

dHULYH WKH VWUXFWXUH RI �L� ��cKORURKH[DQH� 
�LL� pHQW���HQ���RO� �LLL� �� nLWURF\FORKH[HQH� 
�LY� c\FORKH[���HQ���RO� �Y� ��h\GUR[\�
KHSWDQDO�

solution

(i) µKH[DQH¶ LQGLFDWHV WKH SUHVHQFH RI 
� FDUERQ DWRPV LQ WKH FKDLQ� tKH 
IXQFWLRQDO JURXS FKORUR LV SUHVHQW DW 
FDUERQ �� hHQFH� WKH VWUXFWXUH RI WKH 
FRPSRXQG LV ch�ch�ch�ch�ch�cO�ch��

( i i )  µSHQW ¶  LQGLFDWHV WKDW SDUHQW 
K\GURFDUERQ FRQWDLQV � FDUERQ DWRPV 
LQ WKH FKDLQ� µHQ¶ DQG µRO¶ FRUUHVSRQG WR 
WKH IXQFWLRQDO JURXSV c c DQG �oh DW 
FDUERQ DWRPV � DQG � UHVSHFWLYHO\� tKXV� 
WKH VWUXFWXUH LV 

ch� chch�ch �oh�ch��

(iii) sL[ PHPEHUHG ULQJ FRQWDLQLQJ D 
FDUERQ�FDUERQ GRXEOH ERQG LV LPSOLHG 
E\ F\FORKH[HQH� ZKLFK LV QXPEHUHG DV 
VKRZQ LQ �i�� tKH SUHIL[ ��QLWUR PHDQV 
WKDW D QLWUR JURXS LV SUHVHQW RQ c��� 
tKXV� FRPSOHWH VWUXFWXUDO IRUPXOD RI WKH 
FRPSRXQG LV �ii�� dRXEOH ERQG LV VXIIL[HG 
IXQFWLRQDO JURXS ZKHUHDV no� LV SUHIL[HG 
IXQFWLRQDO JURXS WKHUHIRUH GRXEOH ERQG 
JHWV SUHIHUHQFH RYHU –no� JURXS�

(iv) µ��RO¶ PHDQV WKDW D �oh JURXS LV 
SUHVHQW DW c��� oh LV VXIIL[HG IXQFWLRQDO 
JURXS DQG JHWV SUHIHUHQFH RYHU c c 
ERQG� tKXV WKH VWUXFWXUH LV DV VKRZQ 
LQ �ii��

(v) µKHSWDQDO¶ LQGLFDWHV WKH FRPSRXQG 
WR EH DQ DOGHK\GH FRQWDLQLQJ � FDUERQ 
DWRPV LQ WKH SDUHQW FKDLQ� tKH 
µ��K\GUR[\¶ LQGLFDWHV WKDW �oh JURXS LV 
SUHVHQW DW FDUERQ �� tKXV� WKH VWUXFWXUDO 
IRUPXOD RI WKH FRPSRXQG LV� ch�ch�oh�
ch�ch�ch�ch�cho� cDUERQ DWRP RI –
cho JURXS LV LQFOXGHG ZKLOH QXPEHULQJ 
WKH FDUERQ FKDLQ�

8.5.4 nomenclature of substituted 
Benzene compounds

)RU iupac QRPHQFODWXUH RI VXEVWLWXWHG 
EHQ]HQH FRPSRXQGV� WKH VXEVWLWXHQW LV 
SODFHG DV SUHIL[ WR WKH ZRUG EHQ]HQH DV VKRZQ 
LQ WKH IROORZLQJ H[DPSOHV� hRZHYHU� FRPPRQ 
QDPHV �ZULWWHQ LQ EUDFNHW EHORZ� RI PDQ\ 
VXEVWLWXWHG EHQ]HQH FRPSRXQGV DUH DOVR 
XQLYHUVDOO\ XVHG� 
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i I  EHQ]HQH U LQJ LV  GLVXEVW L WXWHG� 
WKH SRVLWLRQ RI VXEVWLWXHQWV LV GHILQHG 
E\ QXPEHULQJ WKH FDUERQ DWRPV RI WKH 
ULQJ VXFK WKDW WKH VXEVWLWXHQWV DUH 
ORFDWHG DW WKH ORZHVW QXPEHUV SRVVLEOH�
)RU H[DPSOH� WKH FRPSRXQG�E� LV QDPHG 
DV ����GLEURPREHQ]HQH DQG QRW  DV
����GLEURPREHQ]HQH�

sXEVWLWXHQW RI WKH EDVH FRPSRXQG LV
DVVLJQHG QXPEHU� DQG WKHQ WKH GLUHFWLRQ 
RI QXPEHULQJ LV FKRVHQ VXFK WKDW WKH 
QH[W VXEVWLWXHQW JHWV WKH ORZHVW QXPEHU� 
tKH VXEVWLWXHQWV DSSHDU LQ WKH QDPH LQ 
DOSKDEHWLFDO RUGHU� sRPH H[DPSOHV DUH JLYHQ 
EHORZ�

0HWK\OEHQ]HQH      0HWKR[\EHQ]HQH     $PLQREHQ]HQH
    �tROXHQH�              �aQLVROH�               �aQLOLQH�

1LWUREHQ]HQH                  %URPREHQ]HQH

����'LEURPR� 
EHQ]HQH

����'LEURPR� 
EHQ]HQH

����'LEURPR� 
EHQ]HQH

�D� �E� �F�

iQ WKH WULYLDO V\VWHP RI QRPHQFODWXUH 
WKH WHUPV RUWKR �R�� PHWD �P� DQG pDUD �p� 
DUH XVHG DV SUHIL[HV WR LQGLFDWH WKH UHODWLYH 
SRVLWLRQV ������� DQG ��� UHVSHFWLYHO\� tKXV�
����GLEURPREHQ]HQH �E� LV QDPHG DV 
P�GLEURPREHQ]HQH �PHWD LV DEEUHYLDWHG DV
P�� DQG WKH RWKHU LVRPHUV RI GLEURPREHQ]HQH 
�����D� DQG �����F�� DUH QDPHG DV RUWKR �RU 
MXVW R�� DQG pDUD �RU MXVW p���GLEURPREHQ]HQH� 
UHVSHFWLYHO\� 

)RU WUL � RU KLJKHU VXEVWLWXWHG EHQ]HQH
GHULYDWLYHV� WKHVH SUHIL[HV FDQQRW EH XVHG 
DQG WKH FRPSRXQGV DUH QDPHG E\ LGHQWLI\LQJ 
VXEVWLWXHQW SRVLWLRQV RQ WKH ULQJ E\ IROORZLQJ 
WKH ORZHVW ORFDQW UXOH� iQ VRPH FDVHV� FRPPRQ 
QDPH RI EHQ]HQH GHULYDWLYHV LV WDNHQ DV  WKH 
EDVH FRPSRXQG�

��&KORUR�����GLQLWUREHQ]HQH 
�QRW ��FKORUR�����GLQLWUREHQ]HQH�               

��&KORUR���PHWK\O���QLWUREHQ]HQH 
�QRW ��PHWK\O���FKORUR�QLWUREHQ]HQH�    

��&KORUR���PHWK\ODQLsROH ��(WK\O���PHWK\ODQLOLQH 

����'LPHWK\OpKHQRO

:KHQ D EHQ]HQH ULQJ LV DWWDFKHG WR DQ
DONDQH ZLWK D IXQFWLRQDO JURXS� LW LV FRQVLGHUHG 
DV VXEVWLWXHQW� LQVWHDG RI D SDUHQW� tKH QDPH 
IRU EHQ]HQH DV VXEVWLWXHQW LV pKHQ\O �c�h��� 
DOVR DEEUHYLDWHG DV pK��
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GLIIHUHQW FDUERQ VNHOHWRQV� WKHVH DUH UHIHUUHG 
WR DV FKDLQ LVRPHUV DQG WKH SKHQRPHQRQ LV 
WHUPHG DV FKDLQ LVRPHULVP� )RU H[DPSOH� 
c�h�� UHSUHVHQWV WKUHH FRPSRXQGV�

iVRPHULVP

sWUXFWXUDO LVRPHULVP sWHUHRLVRPHULVP

cKDLQ
LVRPHULVP

pRVLWLRQ
LVRPHULVP

)XQFWLRQDO
JURXS

LVRPHULVP

mHWDPHULVP gHRPHWULFDO
LVRPHULVP

oSWLFDO
LVRPHULVP

8.6 isOmerism

tKH SKHQRPHQRQ RI H[LVWHQFH RI WZR RU PRUH 
FRPSRXQGV SRVVHVVLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW SURSHUWLHV LV NQRZQ 
DV LVRPHULVP� sXFK FRPSRXQGV DUH FDOOHG 
DV LVRPHUV� tKH IROORZLQJ IORZ FKDUW VKRZV 
GLIIHUHQW W\SHV RI LVRPHULVP� 

8.6.1 structural isomerism

cRPSRXQGV KDYLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW VWUXFWXUHV �PDQQHUV 
LQ ZKLFK DWRPV DUH OLQNHG� DUH FODVVLILHG DV 
VWUXFWXUDO LVRPHUV� sRPH W\SLFDO H[DPSOHV 
RI GLIIHUHQW W\SHV RI VWUXFWXUDO LVRPHULVP DUH 
JLYHQ EHORZ� 

(i) Chain isomerism: :KHQ WZR RU PRUH 
FRPSRXQGV KDYH VLPLODU PROHFXODU IRUPXOD EXW 

�D� �E�

�F� �G�

Problem 8.10

:ULWH WKH VWUXFWXUDO IRUPXOD RI�
�D�  R�eWK\ODQLVROH� �E� p�nLWURDQLOLQH� 
�F�  ����dLEURPR���SKHQ\OSHQWDQH�
�G�  ��eWK\O���IOXRUR���QLWUREHQ]HQH�

solution

                        ch�

��������������� 
ch� c ch�

��������������������� 
                ch�

nHRSHQWDQH
�����dLPHWK\OSURSDQH�

(ii) Position isomerism: :KHQ WZR RU 
PRUH FRPSRXQGV GLIIHU LQ WKH SRVLWLRQ RI 
VXEVWLWXHQW DWRP RU IXQFWLRQDO JURXS RQ 
WKH FDUERQ VNHOHWRQ� WKH\ DUH FDOOHG SRVLWLRQ 
LVRPHUV DQG WKLV SKHQRPHQRQ LV WHUPHG 
DV SRVLWLRQ LVRPHULVP� )RU H[DPSOH� WKH 
PROHFXODU IRUPXOD c�h�o UHSUHVHQWV WZR 
DOFRKROV�

(iii) Functional group isomerism: tZR RU 
PRUH FRPSRXQGV KDYLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW IXQFWLRQDO JURXSV 
DUH FDOOHG IXQFWLRQDO LVRPHUV DQG WKLV 
SKHQRPHQRQ LV WHUPHG DV IXQFWLRQDO JURXS 
LVRPHULVP� )RU H[DPSOH� WKH PROHFXODU 
IRUPXOD c�h�o UHSUHVHQWV DQ DOGHK\GH DQG 
D NHWRQH�

ch��chch�ch�

� �  
ch�ch�ch�ch�ch� ch�

pHQWDQH iVRSHQWDQH
 ���mHWK\OEXWDQH� 

oh
 

ch�ch�ch�oh ch��ch�ch�

pURSDQ���RO  pURSDQ���RO
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(iv) Metamerism: iW DULVHV GXH WR GLIIHUHQW 
DON\O FKDLQV RQ HLWKHU VLGH RI WKH IXQFWLRQDO 
JURXS LQ WKH PROHFXOH� )RU H[DPSOH� c�h��o 
UHSUHVHQWV PHWKR[\SURSDQH �ch�oc�h�� DQG 
HWKR[\HWKDQH �c�h�oc�h���

8.6.2 stereoisomerism

tKH FRPSRXQGV WKDW KDYH WKH VDPH 
FRQVWLWXWLRQ DQG VHTXHQFH RI FRYDOHQW ERQGV 
EXW GLIIHU LQ UHODWLYH SRVLWLRQV RI WKHLU DWRPV 
RU JURXSV LQ VSDFH DUH FDOOHG VWHUHRLVRPHUV� 
tKLV VSHFLDO W\SH RI LVRPHULVP LV FDOOHG DV 
VWHUHRLVRPHULVP DQG FDQ EH FODVVLILHG DV 
JHRPHWULFDO DQG RSWLFDO LsRPHULsP� 

8.7 Fundamental cOncePts in
Organic reactiOn mechanism

iQ DQ RUJDQLF UHDFWLRQ� WKH RUJDQLF PROHFXOH 
�DOVR UHIHUUHG DV D VXEVWUDWH� UHDFWV ZLWK DQ 
DSSURSULDWH DWWDFNLQJ UHDJHQW DQG OHDGV WR 
WKH IRUPDWLRQ RI RQH RU PRUH LQWHUPHGLDWH�V� 
DQG ILQDOO\ SURGXFW�V�

tKH JHQHUDO UHDFWLRQ LV GHSLFWHG DV IROORZV � 

LQ XQGHUVWDQGLQJ WKH UHDFWLYLW\ RI RUJDQLF 
FRPSRXQGV DQG LQ SODQQLQJ VWUDWHJ\ IRU WKHLU 
V\QWKHVLV� 

iQ WKH IROORZLQJ VHFWLRQV� ZH VKDOO OHDUQ 
VRPH RI WKH SULQFLSOHV WKDW H[SODLQ KRZ WKHVH 
UHDFWLRQV WDNH SODFH� 

8.7.1 Fission of a covalent Bond

a FRYDOHQW ERQG FDQ JHW FOHDYHG HLWKHU E\ � �L� 
heterolytic cleavage, RU E\ �LL� homolytic 
cleavage. 

iQ heterolytic cleavage� WKH ERQG EUHDNV 
LQ VXFK D IDVKLRQ WKDW WKH VKDUHG SDLU RI 
HOHFWURQV UHPDLQV ZLWK  RQH RI WKH IUDJPHQWV� 

aIWHU KHWHURO\VLV� RQH DWRP KDV D VH[WHW 
HOHFWURQLF VWUXFWXUH DQG D SRVLWLYH FKDUJH DQG 
WKH RWKHU� D YDOHQFH RFWHW ZLWK DW OHDVW RQH ORQH 
SDLU DQG D QHJDWLYH FKDUJH� tKXV� KHWHURO\WLF 
FOHDYDJH RI EURPRPHWKDQH ZLOO JLYH c

�
h� DQG 

bU– DV VKRZQ EHORZ�

a VSHFLHV KDYLQJ D FDUERQ DWRP SRVVHVVLQJ 
VH[WH[W RI HOHFWURQV DQG D SRVLWLYH FKDUJH LV 
FDOOHG D FDUERFDWLRQ �HDUOLHU FDOOHG FDUERQLXP 
LRQ�� tKH h� LRQ LV NQRZQ DV D PHWK\O FDWLRQ 
RU PHWK\O FDUERQLXP LRQ� cDUERFDWLRQV DUH 
FODVVLILHG DV SULPDU\� VHFRQGDU\ RU WHUWLDU\
GHSHQGLQJ RQ  ZKHWKHU RQH� WZR RU WKUHH  
FDUERQV DUH GLUHFWO\ DWWDFKHG WR WKH SRVLWLYHO\ 
FKDUJHG FDUERQ� sRPH RWKHU H[DPSOHV RI 
FDUERFDWLRQV DUH� ch�c

�
h� �HWK\O FDWLRQ� D 

SULPDU\ FDUERFDWLRQ�� �ch���c
�
h �LVRSURS\O 

FDWLRQ� D VHFRQGDU\ FDUERFDWLRQ�� DQG �ch���c
�

�WHUW�EXW\O FDWLRQ� D WHUWLDU\ FDUERFDWLRQ�� 
cDUERFDWLRQV DUH KLJKO\ XQVWDEOH DQG 
UHDFWLYH VSHFLHV� aON\O JURXSV GLUHFWO\ 
DWWDFKHG WR WKH SRVLWLYHO\ FKDUJHG FDUERQ 
VWDELOLVH WKH FDUERFDWLRQV GXH WR LQGXFWLYH 
DQG K\SHUFRQMXJDWLRQ HIIHFWV� ZKLFK \RX ZLOO 
EH VWXG\LQJ LQ WKH VHFWLRQV ����� DQG ������ 
tKH REVHUYHG RUGHU RI FDUERFDWLRQ VWDELOLW\ 
LV� c

�
h� � ch�c

�
h� � �ch���c

�
h � �ch���c

�
� tKHVH 

FDUERFDWLRQV KDYH WULJRQDO SODQDU VKDSH 
ZLWK SRVLWLYHO\ FKDUJHG FDUERQ EHLQJ sp�

K\EULGLVHG� tKXV� WKH VKDSH RI c
�
h� PD\ EH 

FRQVLGHUHG DV EHLQJ GHULYHG IURP WKH RYHUODS 
RI WKUHH HTXLYDOHQW c�sp�� K\EULGLVHG RUELWDOV 
ZLWK �s RUELWDO RI HDFK RI WKH WKUHH K\GURJHQ 

oUJDQLF
PROHFXOH
�sXEVWUDWH�

>iQWHUPHGLDWH@ pURGXFW�V�

aWWDFNLQJ 
rHDJHQW

b\SURGXFWV

sXEVWUDWH LV WKDW UHDFWDQW ZKLFK VXSSOLHV 
FDUERQ WR WKH QHZ ERQG DQG WKH RWKHU UHDFWDQW 
LV FDOOHG UHDJHQW� iI ERWK WKH UHDFWDQWV 
VXSSO\ FDUERQ WR WKH QHZ ERQG WKHQ FKRLFH 
LV DUELWUDU\ DQG LQ WKDW FDVH WKH PROHFXOH RQ 
ZKLFK DWWHQWLRQ LV IRFXVHG LV FDOOHG sXEsWUDWH�

iQ VXFK D UHDFWLRQ D FRYDOHQW ERQG 
EHWZHHQ WZR FDUERQ DWRPV RU D FDUERQ DQG 
VRPH RWKHU DWRP LV EURNHQ DQG D QHZ ERQG LV 
IRUPHG� a sequential account of each step, 
describing details of electron movement, 
energetics during bond cleavage and bond 
formation, and the rates of transformation 
of reactants into products (kinetics) is 
referred to as reaction mechanism. tKH 
NQRZOHGJH RI UHDFWLRQ PHFKDQLVP KHOSV 

  o    h
  � � � 

ch��c�ch� ch��ch�²c  o
pURSDQRQH pURSDQDO
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DWRPV� eDFK ERQG PD\ EH UHSUHVHQWHG DV 
c�sp��–h��s� VLJPD ERQG� tKH UHPDLQLQJ 
FDUERQ RUELWDO LV SHUSHQGLFXODU WR WKH 
PROHFXODU SODQH DQG FRQWDLQV QR HOHFWURQV� 
>)LJ� ����D�@� 

Fig. 8.3 (a)  6KDpH RI PHWK\O FDUERFDWLRQ

tKH KHWHURO\WLF FOHDYDJH FDQ DOVR JLYH D 
VSHFLHV LQ ZKLFK FDUERQ JHWV WKH VKDUHG 
SDLU RI HOHFWURQV� )RU H[DPSOH� ZKHQ JURXS 
= DWWDFKHG WR  WKH FDUERQ OHDYHV ZLWKRXW 

HOHFWURQ SDLU� WKH PHWK\O DQLRQ  LV 

IRUPHG� sXFK D FDUERQ VSHFLHV FDUU\LQJ D 
QHJDWLYH FKDUJH RQ FDUERQ DWRP LV FDOOHG 
FDUEDQLRQ�  cDUERQ LQ FDUEDQLRQ LV JHQHUDOO\ 
VS� K\EULGLVHG DQG LWV VWUXFWXUH LV GLVWRUWHG 
WHWUDKHGURQ DV VKRZQ LQ )LJ� ����E�� 

Fig. 8.3 (b)  6KDpH RI PHWK\O FDUEDQLRQ

cDUEDQLRQV DUH DOVR XQVWDEOH DQG UHDFWLYH 
VSHFLHV� tKH RUJDQLF UHDFWLRQV ZKLFK SURFHHG 
WKURXJK KHWHURO\WLF ERQG FOHDYDJH DUH FDOOHG 
ionic RU heteropolar RU MXVW SRODU UHDFWLRQV�

iQ homolytic cleavage� RQH RI WKH HOHFWURQV 
RI WKH VKDUHG SDLU LQ D FRYDOHQW ERQG JRHV 
ZLWK HDFK RI WKH ERQGHG DWRPV� tKXV� LQ 
KRPRO\WLF FOHDYDJH� WKH PRYHPHQW RI D 
VLQJOH HOHFWURQ WDNHV SODFH LQVWHDG RI DQ 
HOHFWURQ SDLU� tKH VLQJOH HOHFWURQ PRYHPHQW 
LV VKRZQ E\ µKDOI�KHDGHG¶ �ILVK KRRN� �

FXUYHG DUURZ� sXFK FOHDYDJH UHVXOWV LQ 
WKH IRUPDWLRQ RI QHXWUDO VSHFLHV �DWRP RU 
JURXS� ZKLFK FRQWDLQV DQ XQSDLUHG HOHFWURQ� 
tKHVH VSHFLHV DUH FDOOHG IUHH UDGLFDOs� lLNH 
FDUERFDWLRQV DQG FDUEDQLRQV� IUHH UDGLFDOV DUH 
DOVR YHU\ UHDFWLYH� a KRPRO\WLF FOHDYDJH FDQ EH 
VKRZQ DV�

       aON\O 
       IUHH UDGLFDO
aON\O UDGLFDOV DUH FODVVLILHG DV pULPDU\� 
sHFRQGDU\� RU WHUWLDU\� aON\O UDGLFDO VWDELOLW\ 
LQFUHDVHV DV ZH SURFHHG IURP SULPDU\ WR 
WHUWLDU\�

  � 
mHWK\O eWK\O iVRSURS\O tHUW�EXW\O

IUHH IUHH IUHH IUHH
UDGLFDO UDGLFDO UDGLFDO UDGLFDO

oUJDQLF UHDFWLRQV� ZKLFK SURFHHG E\ 
KRPRO\WLF ILVVLRQ DUH FDOOHG IUHH UDGLFDO RU 
KRPRpRODU RU QRQpRODU UHDFWLRQV� 

8.7.2 substrate and reagent 

iRQV DUH JHQHUDOO\ QRW IRUPHG LQ WKH UHDFWLRQV 
RI RUJDQLF FRPSRXQGV� mROHFXOHV DV VXFK 
SDUWLFLSDWH LQ WKH UHDFWLRQ� iW LV FRQYHQLHQW WR 
QDPH RQH UHDJHQW DV VXEVWUDWH DQG RWKHU DV 
UHDJHQW� iQ JHQHUDO� D PROHFXOH ZKRVH FDUERQ 
LV LQYROYHG LQ QHZ ERQG IRUPDWLRQ LV FDOOHG 
VXEVWUDWH DQG WKH RWKHU RQH LV FDOOHG UHDJHQW� 
:KHQ FDUERQ�FDUERQ ERQG LV IRUPHG� WKH 
FKRLFH RI QDPLQJ WKH UHDFWDQWV DV VXEVWUDWH 
DQG UHDJHQW LV DUELWUDU\ DQG GHSHQGV RQ 
PROHFXOH XQGHU REVHUYDWLRQ� e[DPSOH�

�L� ch�   ch�  �  bU� → bU ch� – ch�bU
sXEVWUDWH   rHDJHQW pURGXFW

�LL� 

Nucleophiles and Electrophiles

rHDJHQWV DWWDFN WKH UHDFWLYH VLWH RI WKH 
VXEVWUDWH� tKH UHDFWLYH VLWH PD\ EH HOHFWURQ 
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GHILFLHQW SRUWLRQ RI WKH PROHFXOH �D SRVLWLYH 
UHDFWLYH VLWH� H�J�� DQ DWRP ZLWK LQFRPSOHWH 
HOHFWURQ VKHOO RU WKH SRVLWLYH HQG RI WKH GLSROH 
LQ WKH PROHFXOH� iI WKH DWWDFNLQJ VSHFLHV LV 
HOHFWURQ ULFK� LW DWWDFNV WKHVH VLWHV� iI DWWDFNLQJ 
VSHFLHV LV HOHFWURQ GHILFLHQW� WKH UHDFWLYH VLWH 
IRU LW LV WKDW SDUW RI WKH VXEVWUDWH PROHFXOH 
ZKLFK FDQ VXSSO\ HOHFWURQV� H�J�� π HOHFWURQV 
LQ D GRXEOH ERQG�

a UHDJHQW WKDW EULQJV DQ HOHFWURQ SDLU WR 
WKH UHDFWLYH VLWH LV FDOOHG D nucleophile �nX�� 
L�H�� QXFOHXV VHHNLQJ DQG WKH UHDFWLRQ LV WKHQ 
FDOOHG nucleophilic� a UHDJHQW WKDW WDNHV DZD\ 
DQ HOHFWURQ SDLU IURP UHDFWLYH VLWH LV FDOOHG 
electrophile �e�� L�H�� HOHFWURQ VHHNLQJ DQG WKH 
UHDFWLRQ LV FDOOHG electrophilic� 

dXULQJ D SRODU RUJDQLF UHDFWLRQ� D 
QXFOHRSKLOH DWWDFNV DQ HOHFWURSKLOLF FHQWUH 
RI WKH VXEVWUDWH ZKLFK LV WKDW VSHFLILF DWRP 
RU SDUW RI WKH VXEVWUDWH ZKLFK LV HOHFWURQ 
GHILFLHQW� sLPLODUO\� WKH HOHFWURSKLOHV DWWDFN 
DW  QXFOHRSKLOLF FHQWUH� ZKLFK LV WKH HOHFWURQ 
ULFK FHQWUH RI WKH VXEVWUDWH� tKXV� WKH 
HOHFWURSKLOHV UHFHLYH HOHFWURQ SDLU IURP WKH 
VXEVWUDWH ZKHQ WKH WZR XQGHUJR ERQGLQJ 
LQWHUDFWLRQ� a FXUYHG�DUURZ QRWDWLRQ LV XVHG 
WR VKRZ WKH PRYHPHQW RI DQ HOHFWURQ SDLU 
IURP WKH QXFOHRSKLOH WR WKH HOHFWURSKLOH� sRPH 
H[DPSOHV RI QXFOHRSKLOHV DUH WKH QHJDWLYHO\ 
FKDUJHG LRQV ZLWK ORQH SDLU RI HOHFWURQV  VXFK 
DV K\GUR[LGH �ho– �� F\DQLGH �nc–� LRQV DQG 
FDUEDQLRQV �r�c�–�� nHXWUDO PROHFXOHV VXFK 
DV  HWF�� FDQ DOVR DFW DV 
QXFOHRSKLOHV GXH WR WKH SUHVHQFH RI ORQH 
SDLU RI HOHFWURQV� e[DPSOHV RI HOHFWURSKLOHV 
LQFOXGH FDUERFDWLRQV �c

�
h�� DQG QHXWUDO 

PROHFXOHV KDYLQJ IXQFWLRQDO JURXSV OLNH 
FDUERQ\O JURXS �!c o� RU DON\O KDOLGHV 
�r�c�;� ZKHUH ; LV D KDORJHQ DWRP�� tKH 
FDUERQ DWRP LQ FDUERFDWLRQV KDV VH[WHW 
FRQILJXUDWLRQ� KHQFH� LW LV HOHFWURQ GHILFLHQW 
DQG FDQ UHFHLYH D SDLU RI HOHFWURQV IURP WKH 
QXFOHRSKLOHV� iQ QHXWUDO PROHFXOHV VXFK DV 
DON\O KDOLGHV� GXH WR WKH SRODULW\ RI WKH c�; 
ERQG D SDUWLDO SRVLWLYH FKDUJH LV JHQHUDWHG 
RQ WKH FDUERQ DWRP DQG KHQFH WKH FDUERQ 
DWRP EHFRPHV DQ HOHFWURSKLOLF FHQWUH DW ZKLFK 
D QXFOHRSKLOH FDQ DWWDFN�

Problem 8.11
uVLQJ FXUYHG�DUURZ QRWDWLRQ� VKRZ WKH 
IRUPDWLRQ RI UHDFWLYH  LQWHUPHGLDWHV ZKHQ 
WKH IROORZLQJ FRYDOHQW ERQGV XQGHUJR 
KHWHURO\WLF FOHDYDJH� 

�D� ch�–sch�� �E� ch�–cn� �F� ch�–cX

solution 

Problem 8.12

gLYLQJ MXVWLILFDWLRQ� FDWHJRULVH WKH 
IROORZLQJ PROHFXOHV�LRQV DV QXFOHRSKLOH 
RU HOHFWURSKLOH�

Cl,CH C O,H N , NO

solution

1XFOHRpKLOHs� hs–�c�h�o
–��ch���n�h�n�– 

tKHVH VSHFLHV KDYH XQVKDUHG SDLU RI 
HOHFWURQV� ZKLFK FDQ EH GRQDWHG DQG 
VKDUHG ZLWK DQ HOHFWURSKLOH�

(OHFWURpKLOHs� b)��c�
�
h�–c

�
 o�n

� 
o�� 

rHDFWLYH VLWHV KDYH RQO\ VL[ YDOHQFH 
HOHFWURQV� FDQ DFFHSW HOHFWURQ SDLU IURP 
D QXFOHRSKLOH�

Problem 8.13
iGHQWLI\ HOHFWURSKLOLF FHQWUH LQ WKH 
IROORZLQJ� ch�ch o� ch�cn� ch�i�

solution

aPRQJ ch�hc
 o� h�cc
�n� DQG 
h�c


–i� WKH VWDUUHG FDUERQ DWRPV DUH 
HOHFWURSKLOLF FHQWHUV DV WKH\ ZLOO KDYH 
SDUWLDO SRVLWLYH FKDUJH GXH WR SRODULW\ RI 
WKH ERQG� 

8.7.3 electron movement in Organic 
reactions

tKH PRYHPHQW RI HOHFWURQV LQ RUJDQLF 
UHDFWLRQV FDQ EH VKRZQ E\ FXUYHG�DUURZ 
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QRWDWLRQ� iW VKRZV KRZ FKDQJHV LQ ERQGLQJ 
RFFXU GXH WR HOHFWURQLF UHGLVWULEXWLRQ GXULQJ 
WKH UHDFWLRQ� tR VKRZ WKH FKDQJH LQ SRVLWLRQ 
RI D SDLU RI HOHFWURQV� FXUYHG DUURZ VWDUWV 
IURP WKH SRLQW IURP ZKHUH DQ HOHFWURQ SDLU LV 
VKLIWHG DQG LW HQGV DW D ORFDWLRQ WR ZKLFK WKH 
SDLU RI HOHFWURQ PD\ PRYH� 

pUHVHQWDWLRQ RI VKLIWLQJ RI HOHFWURQ SDLU LV 
JLYHQ EHORZ � 

�L� IURP S ERQG WR   
   DGMDFHQW ERQG SRVLWLRQ

�LL� IURP S ERQG WR   
   DGMDFHQW DWRP

�LLL�  IURP DWRP WR DGMDFHQW 
   ERQG SRVLWLRQ

mRYHPHQW RI VLQJOH HOHFWURQ LV LQGLFDWHG E\ 
D VLQJOH EDUEHG µILVK KRRNV¶ �L�H� KDOI KHDGHG 
FXUYHG DUURZ�� )RU H[DPSOH� LQ WUDQVIHU RI 
K\GUR[LGH LRQ JLYLQJ HWKDQRO DQG LQ WKH 
GLVVRFLDWLRQ RI FKORURPHWKDQH� WKH PRYHPHQW 
RI HOHFWURQ XVLQJ FXUYHG DUURZV FDQ EH 
GHSLFWHG DV IROORZV� 

8.7.4 electron displacement effects in 
covalent Bonds 

tKH HOHFWURQ GLVSODFHPHQW LQ DQ RUJDQLF 
PROHFXOH PD\ WDNH SODFH HLWKHU LQ WKH JURXQG 
VWDWH XQGHU WKH LQIOXHQFH RI DQ DWRP RU D 
VXEVWLWXHQW JURXS RU LQ WKH SUHVHQFH RI DQ 
DSSURSULDWH DWWDFNLQJ UHDJHQW� tKH HOHFWURQ 
GLVSODFHPHQWV GXH WR WKH LQIOXHQFH RI 
DQ DWRP RU D VXEVWLWXHQW JURXS SUHVHQW LQ 
WKH PROHFXOH FDXVH SHUPDQHQW SRODUOLVDWLRQ 
RI WKH ERQG� iQGXFWLYH HIIHFW DQG UHVRQDQFH 
HIIHFWV DUH H[DPSOHV RI WKLV W\SH RI HOHFWURQ 
G LVS ODFHPHQWV �  tHPSRUDU\  H OHFWURQ 
GLVSODFHPHQW HIIHFWV DUH VHHQ LQ D PROHFXOH 
ZKHQ D UHDJHQW DSSURDFKHV WR DWWDFN LW� 
tKLV W\SH RI HOHFWURQ GLVSODFHPHQW LV FDOOHG 
HOHFWURPHULF HIIHFW RU SRODULVDELOLW\ HIIHFW� 
iQ WKH IROORZLQJ VHFWLRQV ZH ZLOO OHDUQ DERXW 
WKHVH W\SHV RI HOHFWURQLF GLVSODFHPHQWV�

8.7.5 inductive effect

:KHQ D FRYDOHQW ERQG LV IRUPHG EHWZHHQ 
DWRPV RI GLIIHUHQW HOHFWURQHJDWLYLW\� WKH 
HOHFWURQ GHQVLW\ LV PRUH WRZDUGV WKH PRUH 
HOHFWURQHJDWLYH DWRP RI WKH ERQG� sXFK D VKLIW 
RI HOHFWURQ GHQVLW\ UHVXOWV LQ D SRODU FRYDOHQW 
ERQG� bRQG SRODULW\ OHDGV WR YDULRXV HOHFWURQLF 
HIIHFWV LQ RUJDQLF FRPSRXQGV� 

lHW XV FRQVLGHU FKRORUHWKDQH �ch�ch�cO� 
LQ ZKLFK WKH c–cO ERQG LV D SRODU FRYDOHQW 
ERQG� iW LV SRODULVHG LQ VXFK D ZD\ WKDW WKH 
FDUERQ�� JDLQV VRPH SRVLWLYH FKDUJH �G�� 
DQG WKH FKORULQH VRPH QHJDWLYH FKDUJH �G–�� 
tKH IUDFWLRQDO HOHFWURQLF FKDUJHV RQ WKH WZR 
DWRPV LQ D SRODU FRYDOHQW ERQG DUH GHQRWHG 
E\ V\PERO G �GHOWD� DQG WKH VKLIW RI HOHFWURQ 
GHQVLW\ LV VKRZQ E\ DQ DUURZ WKDW SRLQWV IURP 
G� WR G– HQG RI WKH SRODU ERQG�

GG� G� G�
ch�→ch�→cO
� �

iQ WXUQ FDUERQ��� ZKLFK KDV GHYHORSHG 
SDUWLDO SRVLWLYH FKDUJH �G�� GUDZV VRPH 
HOHFWURQ GHQVLW\ WRZDUGV LW IURP WKH DGMDFHQW 
c�c ERQG� cRQVHTXHQWO\� VRPH SRVLWLYH FKDUJH 
�GG�� GHYHORSV RQ FDUERQ�� DOVR� ZKHUH GG� 

V\PEROLVHV UHODWLYHO\ VPDOOHU SRVLWLYH FKDUJH 
DV FRPSDUHG WR WKDW RQ FDUERQ – �� iQ RWKHU 
ZRUGV� WKH SRODU c – cO ERQG LQGXFHV SRODULW\ 
LQ WKH DGMDFHQW ERQGV� sXFK SRODULVDWLRQ RI  
V�ERQG FDXVHG E\ WKH SRODULVDWLRQ RI DGMDFHQW 
V�ERQG LV UHIHUUHG WR DV WKH inductive effect� 
tKLV HIIHFW LV SDVVHG RQ WR WKH VXEVHTXHQW 
ERQGV DOVR EXW WKH HIIHFW GHFUHDVHV UDSLGO\ 
DV WKH QXPEHU RI LQWHUYHQLQJ ERQGV LQFUHDVHV 
DQG EHFRPHV YDQLVKLQJO\ VPDOO DIWHU WKUHH 
ERQGV� tKH LQGXFWLYH HIIHFW LV UHODWHG WR WKH 
DELOLW\ RI VXEVWLWXHQW�V� WR HLWKHU ZLWKGUDZ RU 
GRQDWH HOHFWURQ GHQVLW\ WR WKH DWWDFKHG FDUERQ 
DWRP� bDVHG RQ WKLV DELOLW\� WKH VXEVWLWXWHQWV 
FDQ EH FODVVLILHG DV HOHFWURQ�ZLWKGUDZLQJ RU 
HOHFWURQ GRQDWLQJ JURXSV UHODWLYH WR K\GURJHQ� 
hDORJHQV DQG PDQ\ RWKHU JURXSV VXFK DV 
QLWUR �� no��� F\DQR  �� cn�� FDUER[\ �� cooh�� 
HVWHU �coor�� DU\OR[\ ��oaU� H�J� – oc�h��� HWF� 
DUH HOHFWURQ�ZLWKGUDZLQJ JURXSV� oQ WKH RWKHU 
KDQG� WKH DON\O JURXSV OLNH PHWK\O �–ch�� DQG 
HWK\O �–ch�–ch�� DUH XVXDOO\ FRQVLGHUHG DV 
HOHFWURQ GRQDWLQJ JURXSV�
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Problem 8.14

:KLFK ERQG LV PRUH SRODU LQ WKH IROORZLQJ 
SDLUV RI PROHFXOHV� �D� h�c�h� h�c�bU 
�E� h�c�nh�� h�c�oh �F� h�c�oh� 
h�c�sh 

solution

�D� c–bU� VLQFH bU LV PRUH HOHFWURQHJDWLYH 
WKDQ h� �E� c–o� �F� c–o 

Problem 8.15

iQ ZKLFK c–c ERQG RI ch�ch�ch�bU� WKH 
LQGXFWLYH HIIHFW LV H[SHFWHG WR EH WKH OHDVW"

solution

mDJQLWXGH RI LQGXFWLYH HIIHFW GLPLQLVKHV 
DV WKH QXPEHU RI LQWHUYHQLQJ ERQGV 
LQFUHDVHV� hHQFH� WKH HIIHFW LV OHDVW LQ WKH 
ERQG EHWZHHQ FDUERQ�� DQG K\GURJHQ�

8.7.6  resonance structure

tKHUH DUH PDQ\ RUJDQLF PROHFXOHV ZKRVH 
EHKDYLRXU FDQQRW EH H[SODLQHG E\ D VLQJOH lHZLV 
VWUXFWXUH� aQ H[DPSOH LV WKDW RI  
EHQ]HQH� iWV F\FOLF VWUXFWXUH 
FRQWDLQLQJ DOWHUQDWLQJ  c–c VLQJOH 
DQG c c  GRXEOH ERQGV VKRZQ 
LV LQDGHTXDWH IRU H[SODLQLQJ LWV 
FKDUDFWHULVWLF SURSHUWLHV� 

aV SHU WKH DERYH UHSUHVHQWDWLRQ� EHQ]HQH 
VKRXOG H[KLELW WZR GLIIHUHQW ERQG OHQJWKV� 
GXH WR c–c VLQJOH DQG c c GRXEOH ERQGV� 
hRZHYHU� DV GHWHUPLQHG H[SHULPHQWDOO\ 
EHQ]HQH KDV D XQLIRUP c–c ERQG GLVWDQFHV 
RI ��� SP� D YDOXH LQWHUPHGLDWH EHWZHHQ WKH 
c–c VLQJOH���� SP� DQG c c GRXEOH ���� 
SP� ERQGV� tKXV� WKH VWUXFWXUH RI EHQ]HQH 
FDQQRW EH UHSUHVHQWHG DGHTXDWHO\ E\ WKH 
DERYH VWUXFWXUH� )XUWKHU� EHQ]HQH FDQ EH 
UHSUHVHQWHG HTXDOO\ ZHOO E\ WKH HQHUJHWLFDOO\ 
LGHQWLFDO VWUXFWXUHV i DQG ii� 

EHQ]HQH FDQQRW EH DGHTXDWHO\ UHSUHVHQWHG 
E\ DQ\ RI WKHVH VWUXFWXUHV� UDWKHU LW LV 
D K\EULG RI WKH WZR VWUXFWXUHV �i DQG ii� 
FDOOHG UHsRQDQFH sWUXFWXUHs� the resonance 
structures (canonical structures or 
contributing structures) are hypothetical 
and individually do not represent any 
real molecule. tKH\ FRQWULEXWH WR WKH DFWXDO 
VWUXFWXUH LQ SURSRUWLRQ WR WKHLU VWDELOLW\�

aQRWKHU H[DPSOH RI UHVRQDQFH LV SURYLGHG 
E\ QLWURPHWKDQH �ch�no�� ZKLFK FDQ EH 
UHSUHVHQWHG E\ WZR lHZLV VWUXFWXUHV� �i DQG 
ii�� tKHUH DUH WZR W\SHV RI n�o ERQGV LQ WKHVH 
VWUXFWXUHV�

however, it is known that the two n–O 
bonds of nitromethane are of the same 
length (intermediate between a n–O single 
bond and a n=O double bond). the actual 
structure of nitromethane is therefore 
a resonance hybrid of the two canonical 
forms i and ii. 

tKH HQHUJ\ RI DFWXDO VWUXFWXUH RI WKH PROHFXOH 
�WKH UHVRQDQFH K\EULG� LV ORZHU WKDQ WKDW RI 
DQ\ RI WKH FDQRQLFDO VWUXFWXUHV� tKH GLIIHUHQFH 
LQ HQHUJ\ EHWZHHQ WKH DFWXDO VWUXFWXUH DQG WKH 
ORZHVW HQHUJ\ UHVRQDQFH VWUXFWXUH LV FDOOHG WKH 
resonance stabilisation energy RU VLPSO\ 
WKH resonance energy� tKH PRUH WKH QXPEHU 
RI LPSRUWDQW FRQWULEXWLQJ VWUXFWXUHV� WKH 
PRUH LV WKH UHVRQDQFH HQHUJ\� rHVRQDQFH LV 
SDUWLFXODUO\ LPSRUWDQW ZKHQ WKH FRQWULEXWLQJ 
VWUXFWXUHV DUH HTXLYDOHQW LQ HQHUJ\�

tKH IROORZLQJ UXOHV DUH DSSOLHG ZKLOH ZULWLQJ 
UHVRQDQFH VWUXFWXUHV� 

tKH UHVRQDQFH VWUXFWXUHV KDYH �L� WKH VDPH 
SRVLWLRQV RI QXFOHL DQG �LL� WKH VDPH QXPEHU RI 
XQSDLUHG HOHFWURQV� aPRQJ WKH UHVRQDQFH 
VWUXFWXUHV� WKH RQH ZKLFK KDV PRUH QXPEHU 
RI FRYDOHQW ERQGV� DOO WKH DWRPV ZLWK RFWHW 
RI HOHFWURQV �H[FHSW K\GURJHQ ZKLFK KDV D 
GXSOHW�� OHVV VHSDUDWLRQ RI RSSRVLWH FKDUJHV� �D 
QHJDWLYH FKDUJH LI DQ\ RQ PRUH HOHFWURQHJDWLYH 
DWRP� D SRVLWLYH FKDUJH LI DQ\ RQ PRUH 
HOHFWURSRVLWLYH DWRP� DQG PRUH GLVSHUVDO RI 
FKDUJH� LV PRUH VWDEOH WKDQ RWKHUV�  

bHQ]HQH

tKHUHIRUH� DFFRUGLQJ WR WKH UHVRQDQFH 
WKHRU\ �uQLW �� WKH DFWXDO VWUXFWXUH RI 
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Problem 8.16

:ULWH UHVRQDQFH VWUXFWXUHV RI ch�coo–

DQG VKRZ WKH PRYHPHQW RI HOHFWURQV E\ 
FXUYHG DUURZV�

solution

)LUVW� ZULWH WKH VWUXFWXUH DQG SXW 
XQVKDUHG SDLUV RI YDOHQFH HOHFWURQV RQ 
DSSURSULDWH DWRPV� tKHQ GUDZ WKH DUURZV 
RQH DW D WLPH PRYLQJ WKH HOHFWURQV WR JHW 
WKH RWKHU VWUXFWXUHV�

Problem 8.17

:UL WH  UHVRQDQFH  V W UXF WXUHV  R I 
ch� ch–cho� iQGLFDWH UHODWLYH VWDELOLW\ 
RI WKH FRQWULEXWLQJ VWUXFWXUHV�

solution

solution

tKH WZR VWUXFWXUHV DUH OHVV LPSRUWDQW 
FRQWULEXWRUV DV WKH\ LQYROYH FKDUJH 
VHSDUDWLRQ� aGGLWLRQDOO\� VWUXFWXUH 
i FRQWDLQV D FDUERQ DWRP ZLWK DQ 
LQFRPSOHWH RFWHW�

8.7.7 resonance effect

tKH UHVRQDQFH HIIHFW LV GHILQHG DV µWKH SRODULW\ 
SURGXFHG LQ WKH PROHFXOH E\ WKH LQWHUDFWLRQ 
RI WZR S�ERQGV RU EHWZHHQ D S�ERQG DQG 
ORQH SDLU RI HOHFWURQV SUHVHQW RQ DQ DGMDFHQW 
DWRP¶� tKH HIIHFW LV WUDQVPLWWHG WKURXJK WKH 
FKDLQ� tKHUH DUH WZR W\SHV RI UHVRQDQFH RU 
PHVRPHULF HIIHFW GHVLJQDWHG DV r RU m HIIHFW�

(i) Positive Resonance Effect (+R effect) 

iQ WKLV HIIHFW� WKH WUDQVIHU RI HOHFWURQV LV DZD\ 
IURP DQ DWRP RU VXEVWLWXHQW JURXS DWWDFKHG 
WR WKH FRQMXJDWHG V\VWHP� tKLV HOHFWURQ 
GLVSODFHPHQW PDNHV FHUWDLQ SRVLWLRQV LQ WKH 
PROHFXOH RI KLJK HOHFWURQ GHQVLWLHV� tKLV HIIHFW 
LQ DQLOLQH LV VKRZQ DV� 

sWDELOLW\� i ! ii ! iii

>i� mRVW VWDEOH�  PRUH QXPEHU RI FRYDOHQW 
ERQGV� HDFK FDUERQ DQG R[\JHQ DWRP KDV 
DQ RFWHW DQG QR VHSDUDWLRQ RI RSSRVLWH 
FKDUJH ii� QHJDWLYH FKDUJH RQ PRUH 
HOHFWURQHJDWLYH DWRP DQG SRVLWLYH FKDUJH 
RQ PRUH HOHFWURSRVLWLYH DWRP� iii� GRHV 
QRW FRQWULEXWH DV R[\JHQ KDV SRVLWLYH 
FKDUJH DQG FDUERQ KDV QHJDWLYH FKDUJH� 
KHQFH OHDVW VWDEOH@�  

Problem 8.18
e[SODLQ ZK\ WKH IROORZLQJ WZR VWUXFWXUHV� 
i DQG ii FDQQRW EH WKH PDMRU FRQWULEXWRUV 
WR WKH UHDO VWUXFWXUH RI ch�cooch��

(ii) Negative Resonance Effect (- R effect)

tKLV HIIHFW LV REVHUYHG ZKHQ WKH WUDQVIHU RI 
HOHFWURQV LV WRZDUGV WKH DWRP RU VXEVWLWXHQW 
JURXS DWWDFKHG WR WKH FRQMXJDWHG V\VWHP� 
)RU H[DPSOH LQ QLWUREHQ]HQH WKLV HOHFWURQ 
GLVSODFHPHQW FDQ EH GHSLFWHG DV� 

tKH DWRPV RU VXEVWLWXHQW JURXSV� ZKLFK 
UHSUHVHQW �r RU –r HOHFWURQ GLVSODFHPHQW 
HIIHFWV DUH DV IROORZV� 

�r HIIHFW� – KDORJHQ� –oh� –or� –ocor� –nh�� 
–nhr� –nr�� –nhcor� 

– r HIIHFW� – cooh� –cho� !c o� – cn� –no�
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tKH SUHVHQFH RI DOWHUQDWH VLQJOH DQG 
GRXEOH ERQGV LQ DQ RSHQ FKDLQ RU F\FOLF V\VWHP 
LV WHUPHG DV D FRQMXJDWHG V\VWHP� tKHVH 
V\VWHPV RIWHQ VKRZ DEQRUPDO EHKDYLRXU� 
tKH H[DPSOHV DUH ���� EXWDGLHQH� DQLOLQH 
DQG QLWUREHQ]HQH HWF� iQ VXFK V\VWHPV� WKH 
S�HOHFWURQV DUH GHORFDOLVHG DQG WKH V\VWHP 
GHYHORSV SRODULW\�

8.7.8 electromeric effect (e effect)

iW LV D WHPSRUDU\ HIIHFW� tKH RUJDQLF FRPSRXQGV 
KDYLQJ D multiple bond �D GRXEOH RU WULSOH 
ERQG� VKRZ WKLV HIIHFW LQ WKH SUHVHQFH RI 
DQ DWWDFNLQJ UHDJHQW RQO\� iW LV GHILQHG DV 
WKH FRPSOHWH WUDQVIHU RI D VKDUHG SDLU RI 
S�HOHFWURQV WR RQH RI WKH DWRPV MRLQHG E\ D 
PXOWLSOH ERQG RQ WKH GHPDQG RI DQ DWWDFNLQJ 
UHDJHQW� tKH HIIHFW LV DQQXOOHG DV VRRQ DV WKH 
DWWDFNLQJ UHDJHQW LV UHPRYHG IURP WKH GRPDLQ 
RI WKH UHDFWLRQ� iW LV UHSUHVHQWHG E\ e DQG WKH 
VKLIWLQJ RI WKH HOHFWURQV LV VKRZQ E\ D FXUYHG 
DUURZ � �� tKHUH DUH WZR GLVWLQFW W\SHV RI 
HOHFWURPHULF HIIHFW� 
�L� pRVLWLYH eHOFWURPHULF eIIHFW ��e HIIHFW� iQ 
WKLV HIIHFW WKH S�HOHFWURQV RI WKH PXOWLSOH 
ERQG DUH WUDQVIHUUHG WR WKDW DWRP WR ZKLFK 
WKH UHDJHQW JHWV DWWDFKHG� )RU H[DPSOH� 

V\VWHP RU WR DQ DWRP ZLWK DQ XQVKDUHG 
p RUELWDO� tKH V�HOHFWURQV RI c²h ERQG RI WKH 
DON\O JURXS HQWHU LQWR SDUWLDO FRQMXJDWLRQ ZLWK 
WKH DWWDFKHG XQVDWXUDWHG V\VWHP RU ZLWK WKH 
XQVKDUHG p RUELWDO� h\SHUFRQMXJDWLRQ LV D 
SHUPDQHQW HIIHFW�

tR XQGHUVWDQG K\SHUFRQMXJDWLRQ HIIHFW� OHW 
XV WDNH DQ H[DPSOH RI ch� c

�
h� �HWK\O FDWLRQ� LQ 

ZKLFK WKH SRVLWLYHO\ FKDUJHG FDUERQ DWRP KDV 
DQ HPSW\ p RUELWDO� oQH RI WKH c�h ERQGV RI 
WKH PHWK\O JURXS FDQ DOLJQ LQ WKH SODQH RI WKLV 
HPSW\ p RUELWDO DQG WKH HOHFWURQV FRQVWLWXWLQJ 
WKH c�h ERQG LQ SODQH ZLWK WKLV p RUELWDO FDQ 
WKHQ EH GHORFDOLVHG LQWR WKH HPSW\ p RUELWDO 
DV GHSLFWHG LQ )LJ� ��� �D��

�LL� nHJDWLYH eOHFWURPHULF eIIHFW �–e HIIHFW� iQ 
WKLV HIIHFW WKH S � HOHFWURQV RI WKH PXOWLSOH 
ERQG DUH WUDQVIHUUHG WR WKDW DWRP WR ZKLFK 
WKH DWWDFNLQJ UHDJHQW GRHV QRW JHW DWWDFKHG� 
)RU H[DPSOH�

:KHQ LQGXFWLYH DQG HOHFWURPHULF HIIHFWV 
RSHUDWH LQ RSSRVLWH GLUHFWLRQV� WKH HOHFWRPHULF 
HIIHFW SUHGRPLQDWHV�

8.7.9 hyperconjugation

h\SHUFRQMXJDWLRQ LV D JHQHUDO VWDELOLVLQJ 
LQWHUDFWLRQ� iW LQYROYHV GHORFDOLVDWLRQ RI 
V�HOHFWURQV RI c²h ERQG RI DQ DON\O JURXS 
GLUHFWO\ DWWDFKHG WR DQ DWRP RI XQVDWXUDWHG 

Fig. 8.4(a) 2UELWDO  GLDJUDP sKRZLQJ
K\pHUFRQMXJDWLRQ LQ HWK\O FDWLRQ

tKLV W\SH RI RYHUODS VWDELOLVHV WKH 
FDUERFDWLRQ EHFDXVH HOHFWURQ GHQVLW\ IURP 
WKH DGMDFHQW V ERQG KHOSV LQ GLVSHUVLQJ WKH 
SRVLWLYH FKDUJH� 

iQ JHQHUDO� JUHDWHU WKH QXPEHU RI DON\O 
JURXSV DWWDFKHG WR D SRVLWLYHO\ FKDUJHG FDUERQ 
DWRP� WKH JUHDWHU LV WKH K\SHUFRQMXJDWLRQ 
LQWHUDFWLRQ DQG VWDELOLVDWLRQ RI WKH FDWLRQ� 
tKXV� ZH KDYH WKH IROORZLQJ UHODWLYH VWDELOLW\ 
RI FDUERFDWLRQV� 
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h\SHUFRQMXJDWLRQ LV DOVR SRVVLEOH LQ 
DONHQHV DQG DON\ODUHQHV� 

d H O R F D O L V D W L R Q  R I  H O H F W U R Q V  E \ 
K\SHUFRQMXJDWLRQ LQ WKH FDVH RI DONHQH FDQ 
EH GHSLFWHG DV LQ )LJ� ����E��

Problem 8.19 
e[SODLQ ZK\ �ch���c

�

LV PRUH VWDEOH 

WKDQ ch�c
�
h� DQG c

�
h� LV WKH OHDVW VWDEOH 

FDWLRQ� 

solution 
h\SHUFRQMXJDWLRQ LQWHUDFWLRQ LQ �ch���c

�

 LV
JUHDWHU WKDQ LQ ch�c

�
h� DV WKH �ch���c

�

  
KDV QLQH c�h ERQGV� iQ c

�
h�� YDFDQW p

RUELWDO LV SHUSHQGLFXODU WR WKH SODQH 
LQ ZKLFK c�h ERQGV OLH� KHQFH FDQQRW 
RYHUODS ZLWK LW� tKXV� c

�
h� ODFNV 

K\SHUFRQMXJDWLYH VWDELOLW\� 

8.7.10 types of Organic reactions and 
mechanisms

oUJDQLF UHDFWLRQV FDQ EH FODVVLILHG LQWR WKH 
IROORZLQJ FDWHJRULHV�
�L� sXEVWLWXWLRQ UHDFWLRQV
�LL� aGGLWLRQ UHDFWLRQV
�LLL� eOLPLQDWLRQ UHDFWLRQV
�LY� rHDUUDQJHPHQW UHDFWLRQV

yRX ZLOO EH VWXG\LQJ WKHVH UHDFWLRQV LQ 
uQLW � DQG ODWHU LQ FODVV ;ii�

8.8 methOds OF PuriFicatiOn OF
Organic cOmPOunds

oQFH DQ RUJDQLF FRPSRXQG LV H[WUDFWHG 
IURP D QDWXUDO VRXUFH RU V\QWKHVLVHG LQ WKH 
ODERUDWRU\� LW LV HVVHQWLDO WR SXULI\ LW� 9DULRXV  
PHWKRGV XVHG IRU WKH SXULILFDWLRQ RI RUJDQLF 
FRPSRXQGV DUH EDVHG RQ WKH QDWXUH RI WKH 
FRPSRXQG DQG WKH LPSXULW\ SUHVHQW LQ LW� 

tKH FRPPRQ WHFKQLTXHV XVHG IRU 
SXULILFDWLRQ DUH DV IROORZV �
�L� sXEOLPDWLRQ
�LL� cU\VWDOOLVDWLRQ
�LLL� dLVWLOODWLRQ
�LY� dLIIHUHQWLDO H[WUDFWLRQ DQG
�Y� cKURPDWRJUDSK\

)LQDOO\� WKH SXULW\ RI D FRPSRXQG LV
DVFHUWDLQHG E\ GHWHUPLQLQJ LWV PHOWLQJ RU 
ERLOLQJ SRLQW� mRVW RI WKH SXUH FRPSRXQGV 
KDYH VKDUS PHOWLQJ SRLQWV DQG ERLOLQJ SRLQWV� 
nHZ PHWKRGV RI FKHFNLQJ WKH SXULW\ RI DQ 
RUJDQLF FRPSRXQG DUH EDVHG RQ GLIIHUHQW 

Fig. 8.4(b) 2UELWDO GLDJUDP sKRZLQJ
K\pHUFRQMXJDWLRQ LQ pURpHQH

tKHUH DUH YDULRXV ZD\V RI ORRNLQJ DW WKH 
K\SHUFRQMXJDWLYH HIIHFW� oQH RI WKH ZD\ LV WR 
UHJDUG c²h ERQG DV SRVVHVVLQJ SDUWLDO LRQLF 
FKDUDFWHU GXH WR UHVRQDQFH�

tKH K\SHUFRQMXJDWLRQ PD\ DOVR EH 
UHJDUGHG DV QR ERQG UHVRQDQFH�
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W\SHV RI FKURPDWRJUDSKLF DQG VSHFWURVFRSLF 
WHFKQLTXHV�

8.8.1 sublimation

yRX KDYH OHDUQW HDUOLHU WKDW RQ KHDWLQJ� VRPH 
VROLG VXEVWDQFHV FKDQJH IURP VROLG WR YDSRXU 
VWDWH ZLWKRXW SDVVLQJ WKURXJK OLTXLG VWDWH� 
tKH SXULILFDWLRQ WHFKQLTXH EDVHG RQ WKH DERYH 
SULQFLSOH LV NQRZQ DV VXEOLPDWLRQ DQG LV XVHG 
WR VHSDUDWH VXEOLPDEOH FRPSRXQGV IURP QRQ�
VXEOLPDEOH LPSXULWLHV�

8.8.2 crystallisation

tKLV LV RQH RI WKH PRVW FRPPRQO\ XVHG 
WHFKQLTXHV IRU WKH SXULILFDWLRQ RI VROLG RUJDQLF 
FRPSRXQGV� iW LV EDVHG RQ WKH GLIIHUHQFH LQ 
WKH VROXELOLWLHV RI WKH FRPSRXQG DQG WKH 
LPSXULWLHV LQ D VXLWDEOH VROYHQW� tKH LPSXUH 
FRPSRXQG LV GLVVROYHG LQ D VROYHQW LQ ZKLFK LW 
LV VSDULQJO\ VROXEOH DW URRP WHPSHUDWXUH EXW 
DSSUHFLDEO\ VROXEOH DW KLJKHU WHPSHUDWXUH� 
tKH VROXWLRQ LV FRQFHQWUDWHG WR JHW D QHDUO\ 
VDWXUDWHG VROXWLRQ� oQ FRROLQJ WKH VROXWLRQ� 
SXUH FRPSRXQG FU\VWDOOLVHV RXW DQG LV 
UHPRYHG E\ ILOWUDWLRQ� tKH ILOWUDWH �PRWKHU 
OLTXRU� FRQWDLQV LPSXULWLHV DQG VPDOO TXDQWLW\ 
RI WKH FRPSRXQG� iI WKH FRPSRXQG LV KLJKO\ 
VROXEOH LQ RQH VROYHQW DQG YHU\ OLWWOH  VROXEOH 
LQ DQRWKHU VROYHQW� FU\VWDOOLVDWLRQ FDQ EH 
VDWLVIDFWRULO\ FDUULHG RXW LQ D PL[WXUH RI WKHVH 
VROYHQWV� iPSXULWLHV� ZKLFK LPSDUW FRORXU WR 
WKH VROXWLRQ DUH UHPRYHG E\ DGVRUELQJ RYHU 
DFWLYDWHG FKDUFRDO� rHSHDWHG FU\VWDOOLVDWLRQ 
EHFRPHV QHFHVVDU\ IRU WKH SXULILFDWLRQ 
RI FRPSRXQGV FRQWDLQLQJ LPSXULWLHV RI 
FRPSDUDEOH VROXELOLWLHV�

8.8.3 distillation

tKLV LPSRUWDQW PHWKRG LV XVHG WR VHSDUDWH 
�L� YRODWLOH OLTXLGV IURP QRQYRODWLOH LPSXULWLHV 
DQG �LL� WKH OLTXLGV KDYLQJ VXIILFLHQW GLIIHUHQFH 
LQ WKHLU ERLOLQJ SRLQWV� lLTXLGV KDYLQJ 
GLIIHUHQW ERLOLQJ SRLQWV YDSRULVH DW GLIIHUHQW 
WHPSHUDWXUHV� tKH YDSRXUV DUH FRROHG DQG 
WKH OLTXLGV VR IRUPHG DUH FROOHFWHG VHSDUDWHO\� 
cKORURIRUP �E�S ��� .� DQG DQLOLQH �E�S� ��� 
.� DUH HDVLO\ VHSDUDWHG E\ WKH WHFKQLTXH RI 
GLVWLOODWLRQ �)LJ ����� tKH OLTXLG PL[WXUH LV 
WDNHQ LQ D URXQG ERWWRP IODVN DQG KHDWHG 

FDUHIXOO\� oQ ERLOLQJ� WKH YDSRXUV RI ORZHU 
ERLOLQJ FRPSRQHQW DUH IRUPHG ILUVW� tKH 
YDSRXUV DUH FRQGHQVHG E\ XVLQJ D FRQGHQVHU 
DQG WKH OLTXLG LV FROOHFWHG LQ D UHFHLYHU�  
tKH YDSRXUV RI KLJKHU ERLOLQJ FRPSRQHQW 
IRUP ODWHU DQG WKH OLTXLG FDQ EH FROOHFWHG 
VHSDUDWHO\�

Fractional Distillation: iI WKH GLIIHUHQFH 
LQ ERLOLQJ SRLQWV RI WZR OLTXLGV LV QRW PXFK� 
VLPSOH GLVWLOODWLRQ FDQQRW EH XVHG WR VHSDUDWH 
WKHP�  tKH YDSRXUV RI VXFK OLTXLGV DUH IRUPHG 
ZLWKLQ WKH VDPH WHPSHUDWXUH UDQJH DQG DUH 
FRQGHQVHG VLPXOWDQHRXVO\�  tKH WHFKQLTXH RI 
IUDFWLRQDO GLVWLOODWLRQ LV XVHG LQ VXFK FDVHV� iQ 
WKLV WHFKQLTXH� YDSRXUV RI D OLTXLG PL[WXUH DUH 
SDVVHG WKURXJK D IUDFWLRQDWLQJ FROXPQ EHIRUH 
FRQGHQVDWLRQ� tKH IUDFWLRQDWLQJ FROXPQ LV 
ILWWHG RYHU WKH PRXWK RI WKH URXQG ERWWRP 
IODVN �)LJ����� SDJH �����

9DSRXUV RI WKH OLTXLG ZLWK KLJKHU ERLOLQJ 
SRLQW FRQGHQVH EHIRUH WKH YDSRXUV RI WKH 
OLTXLG ZLWK ORZHU ERLOLQJ SRLQW� tKH YDSRXUV 
ULVLQJ XS LQ WKH IUDFWLRQDWLQJ FROXPQ EHFRPH 
ULFKHU LQ PRUH YRODWLOH FRPSRQHQW� b\ WKH 

Fig.8.5 6LPpOH GLsWLOODWLRQ� 7KH YDpRXUs RI D
sXEsWDQFH IRUPHG DUH FRQGHQsHG DQG 
WKH OLTXLG Ls FROOHFWHG LQ FRQLFDO IODsN�

adaptor

conical
flask

adaptor
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WLPH WKH YDSRXUV UHDFK WR WKH WRS RI WKH 
IUDFWLRQDWLQJ FROXPQ� WKHVH DUH ULFK LQ WKH 
PRUH YRODWLOH FRPSRQHQW� )UDFWLRQDWLQJ 
FROXPQV DUH DYDLODEOH LQ YDULRXV VL]HV DQG 
GHVLJQV DV VKRZQ LQ )LJ����� a IUDFWLRQDWLQJ 
FROXPQ SURYLGHV PDQ\ VXUIDFHV IRU KHDW 
H[FKDQJH EHWZHHQ WKH DVFHQGLQJ YDSRXUV 
DQG WKH GHVFHQGLQJ FRQGHQVHG OLTXLG�  sRPH 
RI WKH FRQGHQVLQJ OLTXLG LQ WKH IUDFWLRQDWLQJ 
FROXPQ REWDLQV KHDW IURP WKH DVFHQGLQJ 
YDSRXUV DQG UHYDSRULVHV�  tKH YDSRXUV WKXV 
EHFRPH ULFKHU LQ ORZ ERLOLQJ FRPSRQHQW�  tKH 
YDSRXUV RI ORZ ERLOLQJ FRPSRQHQW DVFHQG 
WR WKH WRS RI WKH FROXPQ� oQ UHDFKLQJ WKH 
WRS� WKH YDSRXUV EHFRPH SXUH LQ ORZ ERLOLQJ 
FRPSRQHQW DQG SDVV WKURXJK WKH FRQGHQVHU 
DQG WKH SXUH OLTXLG LV FROOHFWHG LQ D UHFHLYHU�  
aIWHU D VHULHV RI VXFFHVVLYH GLVWLOODWLRQV� WKH 
UHPDLQLQJ OLTXLG LQ WKH GLVWLOODWLRQ IODVN JHWV 
HQULFKHG LQ KLJK ERLOLQJ FRPSRQHQW� eDFK 
VXFFHVVLYH FRQGHQVDWLRQ DQG YDSRULVDWLRQ Fig.8.7 'LIIHUHQW W\pHs RI IUDFWLRQDWLQJ FROXPQs�

XQLW LQ WKH IUDFWLRQDWLQJ FROXPQ LV FDOOHG D 
theoretical plate.  cRPPHUFLDOO\� FROXPQV 
ZLWK KXQGUHGV RI SODWHV DUH DYDLODEOH�

oQH RI WKH WHFKQRORJLFDO DSSOLFDWLRQV RI 
IUDFWLRQDO GLVWLOODWLRQ LV WR VHSDUDWH GLIIHUHQW 
IUDFWLRQV RI crude oil in petroleum industry.

Fig.8.6 )UDFWLRQDO GLsWLOODWLRQ� 7KH YDpRXUs RI ORZHU ERLOLQJ
IUDFWLRQ UHDFK WKH WRp RI WKH FROXPQ ILUsW IROORZHG E\ 
YDpRXUs RI KLJKHU ERLOLQJ IUDFWLRQs�

conical
flask

Distillation under reduced 
pressure: tKLV PHWKRG LV 
XVHG WR SXULI\ OLTXLGV KDYLQJ 
YHU\ KLJK ERLOLQJ SRLQWV DQG 
WKRVH� ZKLFK GHFRPSRVH DW 
RU EHORZ WKHLU ERLOLQJ SRLQWV� 
sXFK OLTXLGV DUH PDGH WR ERLO 
DW D WHPSHUDWXUH ORZHU WKDQ 
WKHLU QRUPDO ERLOLQJ SRLQWV 
E\ UHGXFLQJ WKH SUHVVXUH RQ 
WKHLU VXUIDFH� a OLTXLG ERLOV 
DW D WHPSHUDWXUH DW ZKLFK LWV 
YDSRXU SUHVVXUH LV HTXDO WR 
WKH H[WHUQDO SUHVVXUH� tKH 
SUHVVXUH LV UHGXFHG ZLWK 
WKH KHOS RI D ZDWHU SXPS 
RU YDFXXP SXPS �)LJ������ 
gO\FHURO FDQ EH VHSDUDWHG IURP 
spent-lye in soap industry E\ 
XVLQJ WKLV WHFKQLTXH�  
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Fig.8.8 'LsWLOODWLRQ XQGHU UHGXFHG pUHssXUH� $ OLTXLG ERLOs DW D WHPpHUDWXUH EHORZ LWs 
YDpRXU pUHssXUH E\ UHGXFLQJ WKH pUHssXUH�

Steam Distillation: tKLV WHFKQLTXH LV 
DSSOLHG WR VHSDUDWH VXEVWDQFHV ZKLFK DUH 
VWHDP YRODWLOH DQG DUH LPPLVFLEOH ZLWK ZDWHU� 
iQ VWHDP GLVWLOODWLRQ� VWHDP IURP D VWHDP 
JHQHUDWRU LV SDVVHG WKURXJK D KHDWHG IODVN 
FRQWDLQLQJ WKH OLTXLG WR EH GLVWLOOHG� tKH 
PL[WXUH RI VWHDP DQG WKH YRODWLOH RUJDQLF 
FRPSRXQG LV FRQGHQVHG DQG FROOHFWHG� tKH 
FRPSRXQG LV ODWHU VHSDUDWHG IURP ZDWHU XVLQJ 
D VHSDUDWLQJ IXQQHO� iQ VWHDP GLVWLOODWLRQ� 
WKH OLTXLG ERLOV ZKHQ WKH VXP RI YDSRXU 
SUHVVXUHV GXH WR WKH RUJDQLF OLTXLG �p�� 
DQG WKDW GXH WR ZDWHU �p�� EHFRPHV HTXDO WR 
WKH DWPRVSKHULF SUHVVXUH �p�� L�H� p  p�� p�� 
sLQFH p� LV ORZHU WKDQ p� WKH RUJDQLF OLTXLG 
YDSRULVHV DW ORZHU WHPSHUDWXUH WKDQ LWV 
ERLOLQJ SRLQW�

tKXV� LI RQH RI WKH VXEVWDQFHV LQ WKH 
PL[WXUH LV ZDWHU DQG WKH RWKHU� D ZDWHU 
LQVROXEOH VXEVWDQFH� WKHQ WKH PL[WXUH ZLOO ERLO 
FORVH WR EXW EHORZ� ���.� a PL[WXUH RI ZDWHU 
DQG WKH VXEVWDQFH LV REWDLQHG ZKLFK FDQ 
EH VHSDUDWHG E\ XVLQJ D VHSDUDWLQJ IXQQHO�  
aQLOLQH LV VHSDUDWHG E\ WKLV WHFKQLTXH IURP 
DQLOLQH – ZDWHU PL[WXUH  �)LJ����� pDJH �����

8.8.4 differential extraction
:KHQ DQ RUJDQLF FRPSRXQG LV SUHVHQW LQ DQ 
DTXHRXV PHGLXP� LW LV VHSDUDWHG E\ VKDNLQJ 
LW ZLWK DQ RUJDQLF VROYHQW LQ ZKLFK LW LV PRUH 
VROXEOH WKDQ LQ ZDWHU� tKH RUJDQLF VROYHQW DQG 
WKH DTXHRXV VROXWLRQ VKRXOG EH LPPLVFLEOH 
ZLWK HDFK RWKHU VR WKDW WKH\ IRUP WZR GLVWLQFW 
OD\HUV ZKLFK FDQ EH VHSDUDWHG E\ VHSDUDWRU\ 
IXQQHO� tKH RUJDQLF VROYHQW LV ODWHU UHPRYHG 
E\ GLVWLOODWLRQ RU E\ HYDSRUDWLRQ WR JHW EDFN 
WKH FRPSRXQG� dLIIHUHQWLDO H[WUDFWLRQ LV 
FDUULHG RXW LQ D VHSDUDWRU\ IXQQHO DV VKRZQ LQ 
)LJ� ���� �pDJH ����� iI WKH RUJDQLF FRPSRXQG 
LV OHVV VROXEOH LQ WKH RUJDQLF VROYHQW� D YHU\ 
ODUJH TXDQWLW\ RI VROYHQW ZRXOG EH UHTXLUHG 
WR H[WUDFW HYHQ D YHU\ VPDOO TXDQWLW\ RI WKH 
FRPSRXQG� tKH WHFKQLTXH RI continuous 
extraction LV HPSOR\HG LQ VXFK FDVHV� iQ WKLV 
WHFKQLTXH VDPH VROYHQW LV UHSHDWHGO\ XVHG IRU 
H[WUDFWLRQ RI WKH FRPSRXQG�  
8.8.5  chromatography
cKURPDWRJUDSK\ LV DQ LPSRUWDQW WHFKQLTXH 
H[WHQVLYHO\ XVHG WR VHSDUDWH PL[WXUHV LQWR 
WKHLU FRPSRQHQWV� SXULI\ FRPSRXQGV DQG 
DOVR WR WHVW WKH SXULW\ RI FRPSRXQGV� tKH 
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QDPH FKURPDWRJUDSK\ LV EDVHG RQ WKH gUHHN 
ZRUG FKURPD� IRU FRORXU VLQFH WKH PHWKRG 
ZDV ILUVW XVHG IRU WKH VHSDUDWLRQ RI FRORXUHG 
VXEVWDQFHV IRXQG LQ SODQWV� iQ WKLV WHFKQLTXH� 
WKH PL[WXUH RI VXEVWDQFHV LV DSSOLHG RQWR D 
VWDWLRQDU\ SKDVH� ZKLFK PD\ EH D VROLG RU D 
OLTXLG� a SXUH VROYHQW� D PL[WXUH RI VROYHQWV� 
RU D JDV LV DOORZHG WR PRYH VORZO\ RYHU WKH 
VWDWLRQDU\ SKDVH� tKH FRPSRQHQWV RI WKH 
PL[WXUH JHW JUDGXDOO\ VHSDUDWHG IURP RQH 
DQRWKHU� tKH PRYLQJ SKDVH LV FDOOHG WKH 
PRELOH SKDVH�

bDVHG RQ WKH SULQFLSOH LQYROYHG� 
FKURPDWRJUDSK\ LV FODVVLILHG LQWR GLIIHUHQW 
FDWHJRULHV� tZR RI WKHVH DUH�
�D� aGVRUSWLRQ FKURPDWRJUDSK\� DQG 
�E� pDUWLWLRQ FKURPDWRJUDSK\�  

a) Adsorption Chromatography: aGVRU�
SWLRQ FKURPDWRJUDSK\ LV EDVHG RQ WKH IDFW 
WKDW GLIIHUHQW FRPSRXQGV DUH DGVRUEHG RQ 
DQ DGVRUEHQW WR GLIIHUHQW GHJUHHV� cRPPRQO\ 
XVHG DGVRUEHQWV DUH VLOLFD JHO DQG DOXPLQD�  
:KHQ D PRELOH SKDVH LV DOORZHG WR PRYH 
RYHU D VWDWLRQDU\ SKDVH �DGVRUEHQW�� WKH 
FRPSRQHQWV RI WKH PL[WXUH PRYH E\ YDU\LQJ 

GLVWDQFHV RYHU WKH VWDWLRQDU\ SKDVH� )ROORZLQJ 
DUH WZR PDLQ W\SHV RI FKURPDWRJUDSKLF 
WHFKQLTXHV EDVHG RQ WKH SULQFLSOH RI GLIIHUHQWLDO 
DGVRUSWLRQ�  

�D� cROXPQ FKURPDWRJUDSK\� DQG 
�E� tKLQ OD\HU FKURPDWRJUDSK\�

Fig.8.10 'LIIHUHQWLDO H[WUDFWLRQ� ([WUDFWLRQ RI FRP�
pRXQG WDNHs pODFH EDsHG RQ GLIIHUHQFH 
LQ sROXELOLW\ 

stopper

Fig.8.9  6WHDP GLsWLOODWLRQ�  6WHDP YRODWLOH FRPpRQHQW YRODWLOL]Hs� WKH YDpRXUs FRQGHQsH 
LQ WKH FRQGHQsHU DQG WKH OLTXLG FROOHFWs LQ FRQLFDO IODsN�
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Column Chromatography:  cROXPQ 
FKURPDWRJUDSK\ LQYROYHV VHSDUDWLRQ RI 
D PL[WXUH RYHU D  FROXPQ RI DGVRUEHQW 
�VWDWLRQDU\ SKDVH� SDFNHG LQ D JODVV WXEH� 
tKH FROXPQ LV ILWWHG ZLWK D VWRSFRFN DW LWV 
ORZHU HQG �)LJ� ������  tKH PL[WXUH DGVRUEHG 
RQ DGVRUEHQW LV SODFHG RQ WKH WRS RI WKH 
DGVRUEHQW FROXPQ SDFNHG LQ D JODVV WXEH�  
aQ DSSURSULDWH HOXDQW ZKLFK LV D OLTXLG RU D 
PL[WXUH RI OLTXLGV LV DOORZHG WR IORZ GRZQ WKH 
FROXPQ VORZO\�  dHSHQGLQJ XSRQ WKH GHJUHH WR 
ZKLFK WKH FRPSRXQGV DUH DGVRUEHG� FRPSOHWH 
VHSDUDWLRQ WDNHV SODFH�  tKH PRVW UHDGLO\ 
DGVRUEHG VXEVWDQFHV DUH UHWDLQHG QHDU WKH WRS 
DQG RWKHUV FRPH GRZQ WR YDULRXV GLVWDQFHV 
LQ WKH FROXPQ �)LJ�������

tKH JODVV SODWH LV WKHQ SODFHG LQ D FORVHG MDU 
FRQWDLQLQJ WKH HOXDQW �)LJ� ����D�� aV WKH 
HOXDQW ULVHV XS WKH SODWH� WKH FRPSRQHQWV RI 
WKH PL[WXUH PRYH XS DORQJ ZLWK WKH HOXDQW WR 
GLIIHUHQW GLVWDQFHV GHSHQGLQJ RQ WKHLU GHJUHH 
RI DGVRUSWLRQ DQG VHSDUDWLRQ WDNHV SODFH� 
tKH UHODWLYH DGVRUSWLRQ RI HDFK FRPSRQHQW 
RI WKH PL[WXUH LV H[SUHVVHG LQ WHUPV RI LWV 
retardation factor L�H� rf value �)LJ����� E��

5
I 
 'LsWDQFH PRYHG E\ WKH sXEsWDQFH IURP EDsH OLQH �[�     

'LsWDQFH PRYHG E\ WKH sROYHQW IURP EDsH OLQH �\�

Fig.8.11  &ROXPQ FKURPDWRJUDpK\� 'LIIHUHQW 
sWDJHs RI sHpDUDWLRQ RI FRPpRQHQWs 
RI D PL[WXUH�

Thin Layer Chromatography: tKLQ OD\HU 
FKURPDWRJUDSK\ �tlc� LV DQRWKHU W\SH RI 
DGVRUSWLRQ FKURPDWRJUDSK\� ZKLFK LQYROYHV 
VHSDUDWLRQ RI VXEVWDQFHV RI D PL[WXUH RYHU 
D WKLQ OD\HU RI DQ DGVRUEHQW FRDWHG RQ JODVV 
SODWH�  a WKLQ OD\HU �DERXW ���PP WKLFN� RI 
DQ DGVRUEHQW �VLOLFD JHO RU DOXPLQD� LV VSUHDG 
RYHU D JODVV SODWH RI VXLWDEOH VL]H� tKH SODWH 
LV NQRZQ DV WKLQ OD\HU FKURPDWRJUDpK\ pODWH 
RU FKURPDpODWH� tKH VROXWLRQ RI WKH PL[WXUH 
WR EH VHSDUDWHG LV DSSOLHG DV D VPDOO VSRW 
DERXW � FP DERYH RQH HQG RI WKH tlc SODWH�  

tKH VSRWV RI FRORXUHG FRPSRXQGV DUH 
YLVLEOH RQ tlc SODWH GXH WR WKHLU RULJLQDO FRORXU�  
tKH VSRWV RI FRORXUOHVV FRPSRXQGV� ZKLFK DUH 
LQYLVLEOH WR WKH H\H EXW IOXRUHVFH LQ XOWUDYLROHW 
OLJKW� FDQ EH GHWHFWHG E\ SXWWLQJ WKH SODWH XQGHU 
XOWUDYLROHW OLJKW� aQRWKHU GHWHFWLRQ WHFKQLTXH 
LV WR SODFH WKH SODWH LQ D FRYHUHG MDU FRQWDLQLQJ 
D IHZ FU\VWDOV RI LRGLQH� sSRWV RI FRPSRXQGV� 
ZKLFK DGVRUE LRGLQH� ZLOO VKRZ XS DV EURZQ 
VSRWV�  sRPHWLPHV DQ DSSURSULDWH UHDJHQW 
PD\ DOVR EH VSUD\HG RQ WKH SODWH� )RU H[DPSOH� 
DPLQR DFLGV PD\ EH GHWHFWHG E\ VSUD\LQJ WKH 
SODWH ZLWK QLQK\GULQ VROXWLRQ �)LJ�����E��

Fig.8.12 (b)    'HYHORpHG FKURPDWRJUDP�

Fig.8.12 (a) 7KLQ OD\HU FKURPDWRJUDpK\�
&KURPDWRJUDP EHLQJ GHYHORpHG� 
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VSRW RQ WKH FKURPDWRJUDP� tKH VSRWV RI WKH 
VHSDUDWHG FRORXUOHVV FRPSRXQGV PD\ EH 
REVHUYHG HLWKHU XQGHU XOWUDYLROHW OLJKW RU E\ 
WKH XVH RI DQ DSSURSULDWH VSUD\ UHDJHQW DV 
GLVFXVVHG XQGHU WKLQ OD\HU FKURPDWRJUDSK\�  

8.9 qualitatiVe analysis OF Organic 
cOmPOunds

tKH HOHPHQWV SUHVHQW LQ RUJDQLF FRPSRXQGV 
DUH FDUERQ DQG K\GURJHQ� iQ DGGLWLRQ WR 
WKHVH� WKH\ PD\ DOVR FRQWDLQ R[\JHQ� QLWURJHQ� 
VXOSKXU� KDORJHQV DQG SKRVSKRUXV�

8.9.1  detection of carbon and hydrogen

cDUERQ DQG K\GURJHQ DUH GHWHFWHG E\ KHDWLQJ 
WKH FRPSRXQG ZLWK FRSSHU�ii� R[LGH� cDUERQ 
SUHVHQW LQ WKH FRPSRXQG LV R[LGLVHG WR 
FDUERQ GLR[LGH �WHVWHG ZLWK OLPH�ZDWHU� ZKLFK 
GHYHORSV WXUELGLW\� DQG K\GURJHQ WR ZDWHU 
�WHVWHG ZLWK DQK\GURXV FRSSHU VXOSKDWH� 
ZKLFK WXUQV EOXH��
c � �cXo  �cX � co�

h� � cXo  cX � h�o
co� � cD�oh��  cDco�� � h�o
�h�o � cXso�  cXso���h�o

:KLWH bOXH

8.9.2  detection of Other elements 

nLWURJHQ� VXOSKXU� KDORJHQV DQG SKRVSKRUXV  
SUHVHQW LQ DQ RUJDQLF FRPSRXQG DUH GHWHFWHG 
E\ “lassaigne’s test”� tKH HOHPHQWV SUHVHQW 
LQ WKH FRPSRXQG DUH FRQYHUWHG IURP FRYDOHQW 
IRUP LQWR WKH LRQLF IRUP E\ IXVLQJ WKH 
FRPSRXQG ZLWK VRGLXP PHWDO� )ROORZLQJ 
UHDFWLRQV WDNH SODFH�

nD � c � n nDcn

�nD � s nD�s

nD � ;  nD ; 
�;   cO� bU RU i� 

c� n� s DQG ; FRPH IURP RUJDQLF FRPSRXQG�

c\DQLGH� VXOSKLGH DQG KDOLGH RI VRGLXP VR 
IRUPHG RQ VRGLXP IXVLRQ DUH H[WUDFWHG IURP 
WKH IXVHG PDVV E\ ERLOLQJ LW ZLWK GLVWLOOHG 
ZDWHU� tKLV H[WUDFW LV NQRZQ DV VRGLXP IXVLRQ 
H[WUDFW�

(A) Test for Nitrogen 

tKH VRGLXP IXVLRQ H[WUDFW LV ERLOHG ZLWK 
LURQ�ii� VXOSKDWH DQG WKHQ DFLGLILHG ZLWK 

Partition Chromatography: pDUWLWLRQ 
FKURPDWRJUDSK\ LV EDVHG RQ FRQWLQXRXV 
GLIIHUHQWLDO SDUWLWLRQLQJ RI FRPSRQHQWV RI 
D PL[WXUH EHWZHHQ VWDWLRQDU\ DQG PRELOH 
SKDVHV� pDSHU FKURPDWRJUDSK\ LV D W\SH 
RI SDUWLWLRQ FKURPDWRJUDSK\� iQ SDSHU 
FKURPDWRJUDSK\� D VSHFLDO TXDOLW\ SDSHU 
NQRZQ DV FKURPDWRJUDSK\ SDSHU LV XVHG� 
cKURPDWRJUDSK\ SDSHU FRQWDLQV ZDWHU WUDSSHG 
LQ LW� ZKLFK DFWV DV WKH VWDWLRQDU\ SKDVH�

a VWULS RI FKURPDWRJUDSK\ SDSHU VSRWWHG 
DW WKH EDVH ZLWK WKH VROXWLRQ RI WKH PL[WXUH LV 
VXVSHQGHG LQ D VXLWDEOH VROYHQW RU D PL[WXUH 
RI VROYHQWV �)LJ� ������ tKLV VROYHQW DFWV DV WKH 
PRELOH SKDVH� tKH VROYHQW ULVHV XS WKH SDSHU 
E\ FDSLOODU\ DFWLRQ DQG IORZV RYHU WKH VSRW� tKH 
SDSHU VHOHFWLYHO\ UHWDLQV GLIIHUHQW FRPSRQHQWV 
DFFRUGLQJ WR WKHLU GLIIHULQJ SDUWLWLRQ LQ WKH 
WZR SKDVHV�   tKH SDSHU VWULS VR GHYHORSHG LV 
NQRZQ DV D FKURPDWRJUDP�  tKH VSRWV RI WKH 
VHSDUDWHG FRORXUHG FRPSRXQGV DUH YLVLEOH DW 
GLIIHUHQW KHLJKWV IURP WKH SRVLWLRQ RI LQLWLDO 

Fig.8.13 3DpHU FKURPDWRJUDpK\�
&KURPDWRJUDpK\ pDpHU LQ WZR GLIIHUHQW 
sKDpHs�
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FRQFHQWUDWHG VXOSKXULF DFLG� tKH IRUPDWLRQ 
RI pUXVVLDQ EOXH FRORXU FRQILUPV WKH SUHVHQFH 
RI QLWURJHQ� sRGLXP F\DQLGH ILUVW UHDFWV 
ZLWK LURQ�ii� VXOSKDWH DQG IRUPV VRGLXP 
KH[DF\DQLGRIHUUDWH�ii�� oQ KHDWLQJ ZLWK 
FRQFHQWUDWHG VXOSKXULF DFLG VRPH LURQ�ii� 
LRQV DUH R[LGLVHG WR LURQ�iii� LRQV ZKLFK 
UHDFW ZLWK VRGLXP KH[DF\DQLGRIHUUDWH�ii� 
WR SURGXFH LURQ�iii� KH[DF\DQLGRIHUUDWH�ii� 
�IHUULIHUURF\DQLGH� ZKLFK LV pUXVVLDQ EOXH LQ 
FRORXU� 

�cn– � )H��  →   >)H�cn��@
�–

�>)H�cn��@
�– � �)H��  )H�>)H�cn��@��[h�o

pUXVVLDQ EOXH
(B) Test for Sulphur 
�D� tKH VRGLXP IXVLRQ H[WUDFW LV DFLGLILHG

ZLWK DFHWLF DFLG DQG OHDG DFHWDWH LV DGGHG 
WR LW� a EODFN SUHFLSLWDWH RI OHDG VXOSKLGH 
LQGLFDWHV WKH SUHVHQFH RI VXOSKXU�

s�– � pE�� → pEs 
    bODFN

�E� oQ WUHDWLQJ VRGLXP IXVLRQ H[WUDFW ZLWK 
VRGLXP QLWURSUXVVLGH� DSSHDUDQFH RI 
D YLROHW FRORXU IXUWKHU LQGLFDWHV WKH 
SUHVHQFH RI VXOSKXU�

s�– � >)H�cn��no@�– → >)H�cn��nos@�–

9LROHW
iQ FDVH� QLWURJHQ DQG VXOSKXU ERWK DUH 

SUHVHQW LQ DQ RUJDQLF FRPSRXQG� VRGLXP 
WKLRF\DQDWH LV IRUPHG� iW JLYHV EORRG UHG FRORXU 
DQG QR pUXVVLDQ EOXH VLQFH WKHUH DUH QR IUHH 
F\DQLGH LRQV�

nD � c � n � s →       nDscn
)H�� �scn–   →      >)H�scn�@��

           bORRG UHG
iI VRGLXP IXVLRQ LV FDUULHG RXW ZLWK H[FHVV 

RI VRGLXP� WKH WKLRF\DQDWH GHFRPSRVHV WR 
\LHOG F\DQLGH DQG VXOSKLGH� tKHVH LRQV JLYH 
WKHLU XVXDO WHVWV�

nDscn � �nD   →  nDcn�nD�s

(C) Test for Halogens 

tKH VRGLXP IXVLRQ H[WUDFW LV DFLGLILHG ZLWK 
QLWULF DFLG DQG WKHQ WUHDWHG ZLWK VLOYHU QLWUDWH� 
a ZKLWH SUHFLSLWDWH� VROXEOH LQ DPPRQLXP 
K\GUR[LGH VKRZV WKH SUHVHQFH RI FKORULQH� 
D \HOORZLVK SUHFLSLWDWH� VSDULQJO\ VROXEOH LQ 
DPPRQLXP K\GUR[LGH VKRZV WKH SUHVHQFH RI 

EURPLQH DQG D \HOORZ SUHFLSLWDWH� LQVROXEOH 
LQ DPPRQLXP K\GUR[LGH VKRZV WKH SUHVHQFH 
RI LRGLQH�

;– � aJ� → aJ;
; UHSUHVHQWV D KDORJHQ – cO� bU RU i�

iI QLWURJHQ RU VXOSKXU LV DOVR SUHVHQW LQ WKH 
FRPSRXQG� WKH VRGLXP IXVLRQ H[WUDFW LV 
ILUVW ERLOHG ZLWK FRQFHQWUDWHG QLWULF DFLG WR 
GHFRPSRVH F\DQLGH RU VXOSKLGH RI VRGLXP 
IRUPHG GXULQJ lDVVDLJQH¶V WHVW� tKHVH LRQV 
ZRXOG RWKHUZLVH LQWHUIHUH ZLWK VLOYHU QLWUDWH 
WHVW IRU KDORJHQV�

(D) Test for Phosphorus 

tKH FRPSRXQG LV KHDWHG ZLWK DQ R[LGLVLQJ 
DJHQW �VRGLXP SHUR[LGH�� tKH SKRVSKRUXV 
SUHVHQW LQ WKH FRPSRXQG LV R[LGLVHG WR 
SKRVSKDWH� tKH VROXWLRQ LV ERLOHG ZLWK QLWULF 
DFLG DQG WKHQ WUHDWHG ZLWK DPPRQLXP 
PRO\EGDWH� a \HOORZ FRORXUDWLRQ RU SUHFLSLWDWH 
LQGLFDWHV WKH SUHVHQFH RI SKRVSKRUXV�     

nD�po� � �hno�  →  h�po���nDno�

h�po�   � ���nh���mRo�   �   ��hno� →
aPPRQLXP

PRO\EGDWH
�nh���po����mRo� � ��nh�no� � ��h�o

aPPRQLXP
SKRVSKRPRO\EGDWH

8.10  quantitatiVe analysis

qXDQWLWDWLYH DQDO\VLV RI FRPSRXQGV LV YHU\ 
LPSRUWDQW LQ RUJDQLF FKHPLVWU\� iW KHOSV 
FKHPLVWV LQ WKH GHWHUPLQDWLRQ RI PDVV SHU 
FHQW RI HOHPHQWV SUHVHQW LQ D FRPSRXQG� yRX 
KDYH OHDUQW LQ uQLW�� WKDW PDVV SHU FHQW RI 
HOHPHQWV LV UHTXLUHG IRU WKH GHWHUPLQDWLRQ RI 
HPSHULFDO DQG PROHFXODU IRUPXOD�

tKH SHUFHQWDJH FRPSRVLWLRQ RI HOHPHQWV 
SUHVHQW LQ DQ RUJDQLF FRPSRXQG LV GHWHUPLQHG 
E\ WKH IROORZLQJ PHWKRGV�

8.10.1  carbon and hydrogen 

bRWK FDUERQ DQG K\GURJHQ DUH HVWLPDWHG LQ 
RQH H[SHULPHQW� a NQRZQ PDVV RI DQ RUJDQLF 
FRPSRXQG LV EXUQW LQ WKH SUHVHQFH RI  H[FHVV 
RI R[\JHQ DQG FRSSHU�ii� R[LGH� cDUERQ DQG 
K\GURJHQ LQ WKH FRPSRXQG DUH R[LGLVHG WR 
FDUERQ GLR[LGH DQG ZDWHU UHVSHFWLYHO\�

c[h\ � �[  �  \��� o� → [ co�  �  �\��� h�o
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tKH PDVV RI ZDWHU SURGXFHG LV GHWHUPLQHG 
E\ SDVVLQJ WKH PL[WXUH WKURXJK D ZHLJKHG 
u�WXEH FRQWDLQLQJ DQK\GURXV FDOFLXP FKORULGH� 
cDUERQ GLR[LGH LV DEVRUEHG LQ DQRWKHU u�WXEH 
FRQWDLQLQJ FRQFHQWUDWHG VROXWLRQ RI SRWDVVLXP 
K\GUR[LGH� tKHVH WXEHV DUH FRQQHFWHG LQ VHULHV 
�)LJ� ������ tKH LQFUHDVH LQ PDVVHV RI FDOFLXP 
FKORULGH DQG SRWDVVLXP K\GUR[LGH JLYHV WKH 
DPRXQWV RI ZDWHU DQG FDUERQ GLR[LGH IURP 
ZKLFK WKH SHUFHQWDJHV RI FDUERQ DQG K\GURJHQ 
DUH FDOFXODWHG�

lHW WKH PDVV RI RUJDQLF FRPSRXQG EH 
P J� PDVV RI ZDWHU DQG FDUERQ GLR[LGH 
SURGXFHG EH P� DQG P� J UHVSHFWLYHO\�

pHUFHQWDJH RI FDUERQ  212 100

44

m

m

× ×
×

pHUFHQWDJH RI K\GURJHQ    12 100

18

m

m

× ×
×

Problem 8.20
oQ FRPSOHWH FRPEXVWLRQ� ����� J RI DQ 
RUJDQLF FRPSRXQG JDYH �����J RI FDUERQ 
GLR[LGH DQG ������J RI ZDWHU�  dHWHUPLQH 
WKH SHUFHQWDJH FRPSRVLWLRQ RI FDUERQ 
DQG K\GURJHQ LQ WKH FRPSRXQG�

solution
12 0.198 100

Percentageof carbon
44 0.246

21.95%

× ×=
×

=

   pHUFHQWDJH RI K\GURJHQ 
2 0.1014 100

18 0.246
4.58%

× ×=
×

=

8.10.2  nitrogen 
tKHUH DUH WZR PHWKRGV IRU HVWLPDWLRQ RI 
QLWURJHQ� �L� dXPDV PHWKRG DQG �LL� .MHOGDKO¶V 
PHWKRG�
(i) Dumas method: tKH QLWURJHQ FRQWDLQLQJ 
RUJDQLF FRPSRXQG� ZKHQ KHDWHG ZLWK FRSSHU 
R[LGH LQ DQ DWPRVSKHUH RI FDUERQ GLR[LGH� 
\LHOGV IUHH QLWURJHQ LQ DGGLWLRQ WR FDUERQ 
GLR[LGH DQG ZDWHU�

c[h\n] � ��[  �  \��� cXo  →  

    [ co� � \�� h�o  �  ]�� n� � ��[ � \��� cX

tUDFHV RI QLWURJHQ R[LGHV IRUPHG� LI 
DQ\� DUH UHGXFHG WR QLWURJHQ E\ SDVVLQJ WKH 
JDVHRXV PL[WXUH RYHU D KHDWHG FRSSHU JDX]H� 
tKH PL[WXUH RI JDVHV VR SURGXFHG LV FROOHFWHG 
RYHU DQ DTXHRXV VROXWLRQ RI SRWDVVLXP 
K\GUR[LGH ZKLFK DEVRUEV FDUERQ GLR[LGH�  
nLWURJHQ LV FROOHFWHG LQ WKH XSSHU SDUW RI WKH 
JUDGXDWHG WXEH �)LJ�������
lHW WKH PDVV RI RUJDQLF FRPSRXQG    P J
9ROXPH RI QLWURJHQ FROOHFWHG   9� Pl

rRRP WHPSHUDWXUH   7�.

1 1

1

273
Volumeof nitrogen atSTP

760

(Let it be mL)

PV

T

V

×=
×

:KHUH p� DQG 9� DUH WKH SUHVVXUH DQG 
YROXPH RI QLWURJHQ� p� LV GLIIHUHQW IURP WKH 
DWPRVSKHULF SUHVVXUH DW ZKLFK QLWURJHQ JDV 
LV FROOHFWHG�  tKH YDOXH RI p� LV REWDLQHG E\ 
WKH UHODWLRQ�

p�  aWPRVSKHULF SUHVVXUH – aTXHRXV WHQVLRQ

����� Pl n� DW stp ZHLJKV �� J�

Fig.8.14 (sWLPDWLRQ RI FDUERQ DQG K\GURJHQ� :DWHU DQG FDUERQ GLR[LGH IRUPHG RQ R[LGDWLRQ RI sXEsWDQFH 
DUH DEsRUEHG LQ DQK\GURXs FDOFLXP FKORULGH DQG pRWDssLXP K\GUR[LGH sROXWLRQs UHspHFWLYHO\ 
FRQWDLQHG LQ 8 WXEHs�
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2

28
mLN atSTPweighs g

22400

V
V

×=

pHUFHQWDJH RI QLWURJHQ   
28 100

22400

V

m

× ×
×

Problem 8.21
iQ dXPDV¶ PHWKRG IRU HVWLPDWLRQ RI 
QLWURJHQ� ���J RI DQ RUJDQLF FRPSRXQG 
JDYH ��Pl RI QLWURJHQ FROOHFWHG DW ���. 
WHPSHUDWXUH DQG ���PP SUHVVXUH� 
cDOFXODWH WKH SHUFHQWDJH FRPSRVLWLRQ 
RI QLWURJHQ LQ WKH FRPSRXQG� �aTXHRXV 
WHQVLRQ DW ���. �� PP�

solution 

9ROXPH RI QLWURJHQ FROOHFWHG DW ���. DQG 
���PP SUHVVXUH LV �� Pl
aFWXDO SUHVVXUH   ������  ��� PP

273 700 50
Volumeof nitrogen atSTP

300 760
41.9mL

× ×
×

������ Pl RI n� DW stp ZHLJKV     �� J

28 41.9
41.9mLof nitrogen weighs

22400
g

×=

28 41.9 100
Percentageof nitrogen

22400 0.3
17.46%

× ×=
×

=

Fig. 8.15 'XPDs PHWKRG�  7KH RUJDQLF FRPpRXQG \LHOGs QLWURJHQ JDs RQ KHDWLQJ LW ZLWK 
FRppHU�,,� R[LGH LQ WKH pUHsHQFH RI &2

�
 JDs� 7KH PL[WXUH RI JDsHs Ls FROOHFWHG RYHU 

pRWDssLXP K\GUR[LGH sROXWLRQ LQ ZKLFK &2
�
 Ls DEsRUEHG DQG YROXPH RI QLWURJHQ 

JDs Ls GHWHUPLQHG�

(ii) Kjeldahl’s method: tKH FRPSRXQG 
FRQWDLQLQJ QLWURJHQ LV KHDWHG ZLWK FRQFHQWUDWHG 
VXOSKXULF DFLG� nLWURJHQ LQ WKH FRPSRXQG 
JHWV FRQYHUWHG WR DPPRQLXP VXOSKDWH 
�)LJ� ������ tKH UHVXOWLQJ DFLG PL[WXUH LV WKHQ 
KHDWHG ZLWK H[FHVV RI VRGLXP K\GUR[LGH� 
tKH OLEHUDWHG DPPRQLD JDV LV DEVRUEHG LQ 
DQ H[FHVV RI VWDQGDUG VROXWLRQ RI VXOSKXULF 
DFLG� tKH DPRXQW RI DPPRQLD SURGXFHG LV 
GHWHUPLQHG E\ HVWLPDWLQJ WKH DPRXQW RI 
VXOSKXULF DFLG FRQVXPHG LQ WKH UHDFWLRQ� iW 
LV GRQH E\ HVWLPDWLQJ XQUHDFWHG VXOSKXULF 
DFLG OHIW DIWHU WKH DEVRUSWLRQ RI DPPRQLD E\ 
WLWUDWLQJ LW ZLWK VWDQGDUG DONDOL VROXWLRQ� tKH 
GLIIHUHQFH EHWZHHQ WKH LQLWLDO DPRXQW RI DFLG 

Unit 8.indd   287 10/10/2022   10:37:38 AM

Reprint 2026-27



��� chemistry

WDNHQ DQG WKDW OHIW DIWHU WKH UHDFWLRQ JLYHV WKH 
DPRXQW RI DFLG UHDFWHG ZLWK DPPRQLD� 

oUJDQLF FRPSRXQG � h�so�  →  �nh���so�   

Na2SO4 + 2NH3 + 2H2O
�nh�   � h�so�   →   �nh���so�

lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ   P J
9ROXPH RI h�so� RI PRODULW\� m�  
WDNHQ     9 Pl
9ROXPH RI nDoh RI PRODULW\� m� XVHG IRU 
WLWUDWLRQ RI H[FHVV RI  h�so�   9� Pl
9�Pl RI nDoh RI PRODULW\ m  

  9� �� Pl RI  h�so� RI PRODULW\ m
9ROXPH RI h�so� RI PRODULW\ m XQXVHG 
  �9 � 9���� Pl

�9� 9���� Pl RI  h�so�  RI PRODULW\ m  

   ��9�9���� Pl RI nh� VROXWLRQ RI 
PRODULW\ m�
���� Pl RI � m nh� VROXWLRQ FRQWDLQV 
��J nh� RU �� J RI n
��9�9���� Pl RI  nh� VROXWLRQ RI PRODULW\ m 
FRQWDLQV�

114 M 2(V V / 2)
g N

1000

× × −

114 M 2(V V / 2) 100
Percentageof N

1000
1.4 M 2(V V / 2)

m

m

× × −= ×

× × −=

.MHOGDKO PHWKRG LV QRW DSSOLFDEOH WR 
FRPSRXQGV FRQWDLQLQJ QLWURJHQ LQ QLWUR DQG 
D]R JURXSV DQG QLWURJHQ SUHVHQW LQ WKH ULQJ 
�H�J� S\ULGLQH� DV QLWURJHQ RI WKHVH FRPSRXQGV 
GRHV QRW FKDQJH WR DPPRQLXP VXOSKDWH 
XQGHU WKHVH FRQGLWLRQV�

Problem 8.22

dXULQJ HVWLPDWLRQ RI QLWURJHQ SUHVHQW 
LQ DQ RUJDQLF FRPSRXQG E\ .MHOGDKO¶V 
PHWKRG� WKH DPPRQLD HYROYHG IURP 
��� J RI WKH FRPSRXQG LQ .MHOGDKO¶V 
HVWLPDWLRQ RI QLWURJHQ� QHXWUDOL]HG �� Pl 
RI � m h�so�� )LQG RXW WKH SHUFHQWDJH RI 
QLWURJHQ LQ WKH FRPSRXQG�

solution           

� m RI �� Pl h�so� �m RI  �� Pl nh�

���� Pl RI �m DPPRQLD FRQWDLQV �� J 
QLWURJHQ
�� Pl RI  �m DPPRQLD FRQWDLQV 

Fig.8.16 .MHOGDKO PHWKRG� 1LWURJHQ�FRQWDLQLQJ FRPpRXQG Ls WUHDWHG ZLWK FRQFHQWUDWHG +
�
62

�
 WR JHW 

DPPRQLXP sXOpKDWH ZKLFK OLEHUDWHs DPPRQLD RQ WUHDWLQJ ZLWK 1D2+� DPPRQLD Ls DEsRUEHG 
LQ NQRZQ YROXPH RI sWDQGDUG DFLG�
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14 20

1000

× J  QLWURJHQ

14×20×100
Percentageof nitrogen =56.0%

1000×0.5
=

                  

8.10.3  halogens

Carius method:  a NQRZQ PDVV RI DQ RUJDQLF 
FRPSRXQG LV KHDWHG ZLWK IXPLQJ QLWULF DFLG LQ 
WKH SUHVHQFH RI VLOYHU QLWUDWH FRQWDLQHG LQ D KDUG 
JODVV WXEH NQRZQ DV cDULXV WXEH� �)LJ������

pHUFHQWDJH RI KDORJHQ

1atomicmassof X m g

molecularmassof AgX

×=

Problem 8.23

iQ cDULXV PHWKRG RI HVWLPDWLRQ RI 
KDORJHQ� ���� J RI DQ RUJDQLF FRPSRXQG 
JDYH ���� J RI aJbU� )LQG RXW WKH 
SHUFHQWDJH RI EURPLQH LQ WKH FRPSRXQG�

solution 

mRODU PDVV RI aJbU   ��� � �� 
                                         ��� J PRO��

��� J aJbU FRQWDLQV �� J EURPLQH

���� J aJbU FRQWDLQV 
×80 0.12 g
188

 J EURPLQH

× ×
=

=

80 0.12 100
Percentageof bromine

188×0.15
34.04%

8.10.4  sulphur 

a NQRZQ PDVV RI DQ RUJDQLF FRPSRXQG LV 
KHDWHG LQ D cDULXV WXEH ZLWK VRGLXP SHUR[LGH 
RU IXPLQJ QLWULF DFLG� sXOSKXU SUHVHQW LQ WKH 
FRPSRXQG LV R[LGLVHG WR VXOSKXULF DFLG�  iW 
LV SUHFLSLWDWHG DV EDULXP VXOSKDWH E\ DGGLQJ 
H[FHVV RI EDULXP FKORULGH VROXWLRQ LQ ZDWHU� 
tKH SUHFLSLWDWH LV ILOWHUHG� ZDVKHG� GULHG DQG 
ZHLJKHG� tKH SHUFHQWDJH RI VXOSKXU FDQ EH 
FDOFXODWHG IURP WKH PDVV RI EDULXP VXOSKDWH�

lHW WKH PDVV RI RUJDQLF 

FRPSRXQG WDNHQ    P J
DQG WKH PDVV RI EDULXP 

VXOSKDWH IRUPHG   P�J
� PRO RI bDso�   ��� J bDso�   �� J VXOSKXU

P� J bDso� FRQWDLQV 132 100
233

m
m

× ×
×
 J VXOSKXU

132 100Percentageof sulphur
233

m
m

× ×=
×

Fig. 8.17 &DULXs PHWKRG� +DORJHQ FRQWDLQLQJ
RUJDQLF FRPpRXQG Ls KHDWHG ZLWK IXPLQJ 
QLWULF DFLG LQ WKH pUHsHQFH RI sLOYHU 
QLWUDWH�

 LQ D IXUQDFH� cDUERQ DQG K\GURJHQ SUHVHQW LQ 
WKH FRPSRXQG DUH R[LGLVHG WR FDUERQ GLR[LGH 
DQG ZDWHU� tKH KDORJHQ SUHVHQW IRUPV WKH 
FRUUHVSRQGLQJ VLOYHU KDOLGH �aJ;�� iW LV ILOWHUHG� 
ZDVKHG� GULHG DQG ZHLJKHG�
lHW WKH PDVV RI RUJDQLF 
  FRPSRXQG WDNHQ   P J 
mDVV RI aJ; IRUPHG   P� J 
� PRO RI aJ; FRQWDLQV � PRO RI  ;

mDVV RI KDORJHQ LQ P�J RI aJ;

1atomicmassof X m g

molecularmassof AgX

×=

Problem 8.24

iQ VXOSKXU HVWLPDWLRQ� ����� J RI DQ 
RUJDQLF FRPSRXQG JDYH ������ J RI 
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SHUFHQWDJH FRPSRVLWLRQ ����� DQG WKH VXP RI 
WKH SHUFHQWDJHV RI DOO RWKHU HOHPHQWV� hRZHYHU� 
R[\JHQ FDQ DOVR EH HVWLPDWHG GLUHFWO\ DV IROORZV�

a GHILQLWH PDVV RI DQ RUJDQLF FRPSRXQG LV 
GHFRPSRVHG E\ KHDWLQJ LQ D VWUHDP RI QLWURJHQ 
JDV� tKH PL[WXUH RI JDVHRXV SURGXFWV FRQWDLQLQJ 
R[\JHQ LV SDVVHG RYHU UHG�KRW FRNH ZKHQ DOO 
WKH R[\JHQ LV FRQYHUWHG WR FDUERQ PRQR[LGH� 
tKLV PL[WXUH LV SDVVHG WKURXJK ZDUP LRGLQH 
SHQWR[LGH �i�o�� ZKHQ  FDUERQ PRQR[LGH LV 
R[LGLVHG WR FDUERQ GLR[LGH SURGXFLQJ LRGLQH�

cRPSRXQG heat   o� � RWKHU JDVHRXV   
    SURGXFWV  

�c � o�
1373K   �co@ï × �  �a�

i�o� � �co → i�  �   �co�@ï × � �b�

oQ PDNLQJ WKH DPRXQW RI co SURGXFHG LQ 
HTXDWLRQ �a� HTXDO WR WKH DPRXQW RI co XVHG 
LQ HTXDWLRQ �b� E\ PXOWLSO\LQJ WKH HTXDWLRQV 
�a� DQG �b� E\ � DQG � UHVSHFWLYHO\� ZH ILQG 
WKDW HDFK PROH RI R[\JHQ OLEHUDWHG IURP 
WKH FRPSRXQG ZLOO SURGXFH WZR PROHV RI 
FDUERQGLR[LGH�
tKXV �� J FDUERQ GLR[LGH LV REWDLQHG LI �� J 
R[\JHQ LV OLEHUDWHG�
lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ EH P J 
mDVV RI FDUERQ GLR[LGH SURGXFHG EH P� J
∴ P� J FDUERQ GLR[LGH LV REWDLQHG IURP 

1
2

32 g O
88

m×

∴pHUFHQWDJH RI R[\JHQ   132 100 %
88

m
m

× ×
×

tKH SHUFHQWDJH RI R[\JHQ FDQ EH GHULYHG 
IURP WKH DPRXQW RI LRGLQH SURGXFHG DOVR�

pUHVHQWO\� WKH HVWLPDWLRQ RI HOHPHQWV LQ 
DQ RUJDQLF FRPSRXQG LV FDUULHG RXW E\ XVLQJ 
PLFURTXDQWLWLHV RI VXEVWDQFHV DQG DXWRPDWLF 
H[SHULPHQWDO WHFKQLTXHV� tKH HOHPHQWV� 
FDUERQ� K\GURJHQ DQG QLWURJHQ SUHVHQW LQ D 
FRPSRXQG DUH GHWHUPLQHG E\ DQ DSSDUDWXV 
NQRZQ DV c�h�n HOHPHQWDO DQDO\sHU� tKH 
DQDO\VHU UHTXLUHV RQO\ D YHU\ VPDOO DPRXQW 
RI WKH VXEVWDQFH ���� PJ� DQG GLVSOD\V WKH 
YDOXHV RQ D VFUHHQ ZLWKLQ D VKRUW WLPH� a 
GHWDLOHG GLVFXVVLRQ RI VXFK PHWKRGV LV EH\RQG 
WKH VFRSH RI WKLV ERRN�

EDULXP VXOSKDWH�  :KDW LV WKH SHUFHQWDJH 
RI VXOSKXU LQ WKH FRPSRXQG"

solution  

mROHFXODU PDVV RI bDso�    ���������

   ��� J 

��� J bDso� FRQWDLQV �� J VXOSKXU

������ J bDso� FRQWDLQV 
32 0.4813 g

233
×

J  VXOSKXU

32 0.4813 100Percentageof sulphur
233 0.157

42.10%

× ×
=

×
=

8.10.5  Phosphorus 

a NQRZQ PDVV RI DQ RUJDQLF FRPSRXQG LV 
KHDWHG ZLWK IXPLQJ QLWULF DFLG ZKHUHXSRQ 
SKRVSKRUXV SUHVHQW LQ WKH FRPSRXQG LV 
R[LGLVHG WR SKRVSKRULF DFLG� iW LV SUHFLSLWDWHG 
DV DPPRQLXP SKRVSKRPRO\EGDWH� �nh���

po����mRo�� E\ DGGLQJ DPPRQLD DQG 
DPPRQLXP PRO\EGDWH� aOWHUQDWLYHO\� 
SKRVSKRULF DFLG PD\ EH SUHFLSLWDWHG DV 
mJnh�po� E\ DGGLQJ PDJQHVLD PL[WXUH ZKLFK 
RQ LJQLWLRQ \LHOGV mJ�p�o��

lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ 
  P J DQG PDVV RI DPPRQLXP SKRVSKR 
PRO\GDWH   P�J

mRODU PDVV RI �nh���po����mRo�   ����J

pHUFHQWDJH RI SKRVSKRUXV 131 100 %
1877

m
m

× ×
=

×

iI SKRVSKRUXV LV HVWLPDWHG DV mJ�p�o�� 

pHUFHQWDJH RI SKRVSKRUXV 162 100 %
222
m× ×

= ×

ZKHUH� ��� X LV WKH PRODU PDVV RI mJ�p�o�� 
P� WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ� 
P�� WKH PDVV RI mJ�p�o� IRUPHG DQG ��� WKH 
PDVV RI WZR SKRVSKRUXV DWRPV SUHVHQW LQ WKH 
FRPSRXQG mJ�p�o��

8.10.6  Oxygen 

tKH SHUFHQWDJH RI R[\JHQ LQ DQ RUJDQLF FRPSRXQG 
LV XVXDOO\ IRXQG E\ GLIIHUHQFH EHWZHHQ WKH WRWDO 
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summary

iQ WKLV XQLW� ZH KDYH OHDUQW VRPH EDVLF FRQFHSWV LQ VWUXFWXUH DQG UHDFWLYLW\ RI RUJDQLF 
FRPSRXQGV� ZKLFK DUH IRUPHG GXH WR FRYDOHQW ERQGLQJ� tKH QDWXUH RI WKH FRYDOHQW ERQGLQJ 
LQ RUJDQLF FRPSRXQGV FDQ EH GHVFULEHG LQ WHUPV RI orbitals hybridisation FRQFHSW� 
DFFRUGLQJ WR ZKLFK FDUERQ FDQ KDYH sp�� sp� DQG sp K\EULGLVHG RUELWDOV� tKH sp�� sp� DQG sp
K\EULGLVHG FDUERQV DUH IRXQG LQ FRPSRXQGV OLNH PHWKDQH� HWKHQH DQG HWK\QH UHVSHFWLYHO\� 
tKH WHWUDKHGUDO VKDSH RI PHWKDQH� SODQDU VKDSH RI HWKHQH DQG OLQHDU VKDSH RI HWK\QH FDQ 
EH XQGHUVWRRG RQ WKH EDVLV RI WKLV FRQFHSW� a sp� K\EULG RUELWDO FDQ RYHUODS ZLWK �s RUELWDO 
RI K\GURJHQ WR JLYH D FDUERQ � K\GURJHQ �c–h� VLQJOH ERQG �VLJPD� V ERQG�� oYHUODS RI D sp�

RUELWDO RI RQH FDUERQ ZLWK sp� RUELWDO RI DQRWKHU UHVXOWV LQ WKH IRUPDWLRQ RI D FDUERQ–FDUERQ 
V ERQG� tKH XQK\EULGLVHG p RUELWDOV RQ WZR DGMDFHQW FDUERQV FDQ XQGHUJR ODWHUDO �VLGH�
E\�VLGH� RYHUODS WR JLYH D SL �S� ERQG� oUJDQLF FRPSRXQGV FDQ EH UHSUHVHQWHG E\ YDULRXV 
VWUXFWXUDO IRUPXODV� tKH WKUHH GLPHQVLRQDO UHSUHVHQWDWLRQ RI RUJDQLF FRPSRXQGV RQ SDSHU 
FDQ EH GUDZQ E\ wedge DQG dash IRUPXOD�

oUJDQLF FRPSRXQGV FDQ EH FODVVLILHG RQ WKH EDVLV RI WKHLU VWUXFWXUH RU WKH IXQFWLRQDO 
JURXSV WKH\ FRQWDLQ� a functional group LV DQ DWRP RU JURXS RI DWRPV ERQGHG WRJHWKHU LQ D 
XQLTXH IDVKLRQ DQG ZKLFK GHWHUPLQHV WKH SK\VLFDO DQG  FKHPLFDO SURSHUWLHV RI WKH FRPSRXQGV� 
tKH QDPLQJ RI WKH RUJDQLF FRPSRXQGV LV FDUULHG RXW E\ IROORZLQJ D VHW RI UXOHV ODLG GRZQ E\ 
WKH iQWHUQDWLRQDO uQLRQ RI pXUH DQG aSSOLHG cKHPLVWU\ �iuPac�� iQ iupac QRPHQFODWXUH� 
WKH QDPHV DUH FRUUHODWHG ZLWK WKH VWUXFWXUH LQ VXFK D ZD\ WKDW WKH UHDGHU FDQ GHGXFH WKH 
VWUXFWXUH IURP WKH QDPH�

oUJDQLF UHDFWLRQ PHFKDQLVP FRQFHSWV DUH EDVHG RQ WKH VWUXFWXUH RI WKH VXEVWUDWH 
PROHFXOH� ILVVLRQ RI D FRYDOHQW ERQG� WKH DWWDFNLQJ UHDJHQWV� WKH HOHFWURQ GLVSODFHPHQW HIIHFWV 
DQG WKH FRQGLWLRQV RI WKH UHDFWLRQ� tKHVH RUJDQLF UHDFWLRQV LQYROYH EUHDNLQJ DQG PDNLQJ 
RI FRYDOHQW ERQGV� a FRYDOHQW ERQG PD\ EH FOHDYHG LQ heterolytic RU homolytic IDVKLRQ� 
a KHWHURO\WLF FOHDYDJH \LHOGV carbocations RU carbanions� ZKLOH D KRPRO\WLF FOHDYDJH JLYHV 
free radicals DV UHDFWLYH LQWHUPHGLDWH� rHDFWLRQV SURFHHGLQJ WKURXJK KHWHURO\WLF FOHDYDJH 
LQYROYH WKH FRPSOLPHQWDU\ SDLUV RI UHDFWLYH VSHFLHV� tKHVH DUH HOHFWURQ SDLU GRQRU NQRZQ DV 
nucleophile DQG DQ HOHFWURQ SDLU DFFHSWRU NQRZQ DV electrophile� tKH inductive� resonance� 
electromeric DQG hyperconjugation effects PD\ KHOS LQ WKH SRODULVDWLRQ RI D ERQG PDNLQJ 
FHUWDLQ FDUERQ DWRP RU RWKHU DWRP SRVLWLRQV DV SODFHV RI ORZ RU KLJK HOHFWURQ GHQVLWLHV�

oUJDQLF UHDFWLRQV FDQ EH EURDGO\ FODVVLILHG LQWR IROORZLQJ W\SHV� substitution, addition, 
elimination DQG rearrangement UHDFWLRQV� 

pXULILFDWLRQ� TXDOLWDWLYH DQG TXDQWLWDWLYH DQDO\VLV RI RUJDQLF FRPSRXQGV DUH FDUULHG RXW 
IRU GHWHUPLQLQJ WKHLU VWUXFWXUHV� tKH PHWKRGV RI SXULILFDWLRQ QDPHO\ � VXEOLPDWLRQ� GLVWLOODWLRQ 
DQG GLIIHUHQWLDO H[WUDFWLRQ DUH EDVHG RQ WKH GLIIHUHQFH LQ RQH RU PRUH SK\VLFDO SURSHUWLHV� 
chromatography LV D XVHIXO WHFKQLTXH RI VHSDUDWLRQ� LGHQWLILFDWLRQ DQG SXULILFDWLRQ RI 
FRPSRXQGV� iW LV FODVVLILHG LQWR WZR FDWHJRULHV � DGVRUSWLRQ DQG SDUWLWLRQ FKURPDWRJUDSK\� 
aGVRUSWLRQ FKURPDWRJUDSK\ LV EDVHG RQ GLIIHUHQWLDO DGVRUSWLRQ RI YDULRXV FRPSRQHQWV RI D 
PL[WXUH RQ DQ DGVRUEHQW� pDUWLWLRQ FKURPDWRJUDSK\ LQYROYHV FRQWLQXRXV SDUWLWLRQLQJ RI WKH 
FRPSRQHQWV RI D PL[WXUH EHWZHHQ VWDWLRQDU\ DQG PRELOH SKDVHV� aIWHU JHWWLQJ WKH FRPSRXQG 
LQ D SXUH IRUP� LWV TXDOLWDWLYH DQDO\VLV LV FDUULHG RXW IRU GHWHFWLRQ RI HOHPHQWV SUHVHQW LQ LW� 
nLWURJHQ� VXOSKXU� KDORJHQV DQG SKRVSKRUXV DUH GHWHFWHG E\ lassaigne’s test� cDUERQ DQG 
K\GURJHQ DUH HVWLPDWHG E\ GHWHUPLQLQJ WKH DPRXQWV RI FDUERQ GLR[LGH DQG ZDWHU SURGXFHG� 
nLWURJHQ LV HVWLPDWHG E\ dumas RU Kjeldahl’s PHWKRG DQG KDORJHQV E\ carius PHWKRG� 
sXOSKXU DQG SKRVSKRUXV DUH HVWLPDWHG E\ R[LGLVLQJ WKHP WR VXOSKXULF DQG SKRVSKRULF DFLGV 
UHVSHFWLYHO\� tKH SHUFHQWDJH RI R[\JHQ LV XVXDOO\ GHWHUPLQHG E\ GLIIHUHQFH EHWZHHQ WKH WRWDO 
SHUFHQWDJH ����� DQG WKH VXP RI SHUFHQWDJHV RI DOO RWKHU HOHPHQWV SUHVHQW�
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e;ercises

��� :KDW DUH K\EULGLVDWLRQ VWDWHV RI HDFK FDUERQ DWRP LQ WKH IROORZLQJ FRPSRXQGV "

ch� c o� ch�ch ch�� �ch���co� ch� chcn� c�h�

��� iQGLFDWH WKH V DQG S ERQGV LQ WKH IROORZLQJ PROHFXOHV �

c�h�� c�h��� ch�cO�� ch� c ch�� ch�no�� hconhch�

��� :ULWH ERQG OLQH IRUPXODV IRU � iVRSURS\O DOFRKRO� ����dLPHWK\OEXWDQDO� hHSWDQ���RQH�

��� gLYH WKH iupac QDPHV RI WKH IROORZLQJ FRPSRXQGV �

�D� �E�  �F� 

�G� �H� �I� cO�chch�oh

��� :KLFK RI WKH IROORZLQJ UHSUHVHQWV WKH FRUUHFW iupac QDPH IRU WKH FRPSRXQGV 
FRQFHU QHG  "  � D �  � �� �d LPHWK\ OSHQWDQH  R U  � �d LPHWK\ OSHQWDQH  �E � 
������tULPHWK\ORFWDQH RU ������tULPHWK\ORFWDQH �F� ��cKORUR���PHWK\OSHQWDQH RU 
��cKORUR���PHWK\OSHQWDQH �G� bXW���\Q���RO RU bXW���RO���\QH�

��� dUDZ IRUPXODV IRU WKH ILUVW ILYH PHPEHUV RI HDFK KRPRORJRXV VHULHV EHJLQQLQJ ZLWK 
WKH IROORZLQJ FRPSRXQGV� �D� h–cooh �E� ch�coch� �F� h–ch ch�

��� gLYH FRQGHQVHG DQG ERQG OLQH VWUXFWXUDO IRUPXODV DQG LGHQWLI\ WKH IXQFWLRQDO JURXS�V� 
SUHVHQW� LI DQ\� IRU � 

�D� ������tULPHWK\OSHQWDQH

�E� ��h\GUR[\�������SURSDQHWULFDUER[\OLF DFLG

�F� hH[DQHGLDO

��� iGHQWLI\ WKH IXQFWLRQDO JURXSV LQ WKH IROORZLQJ FRPSRXQGV

�D�  �E�  �F�   

��� :KLFK RI WKH WZR� o�nch�ch�o
– RU ch�ch�o

– LV H[SHFWHG WR EH PRUH VWDEOH DQG 
ZK\"

���� e[SODLQ ZK\ DON\O JURXSV DFW DV HOHFWURQ GRQRUV ZKHQ DWWDFKHG WR D S V\VWHP�

���� dUDZ WKH UHVRQDQFH VWUXFWXUHV IRU WKH IROORZLQJ FRPSRXQGV� sKRZ WKH HOHFWURQ VKLIW 
XVLQJ FXUYHG�DUURZ QRWDWLRQ�

�D� c�h�oh �E� c�h�no� �F� ch�ch chcho �G� c�h�–cho �H� c�h�–c
�  

h�

�I� ch�ch ch c
� 
h�

���� :KDW DUH HOHFWURSKLOHV DQG QXFOHRSKLOHV " e[SODLQ ZLWK H[DPSOHV�

���� iGHQWLI\ WKH UHDJHQWV VKRZQ LQ EROG LQ WKH IROORZLQJ HTXDWLRQV DV QXFOHRSKLOHV RU 
HOHFWURSKLOHV�

�D� ch�cooh � HO–→ ch�coo–�h�o 
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�E� ch�coch�� C
–
N → �ch���c�cn��oh� 

�F� c�h� ��CH3C
+
O → c�h�coch�

���� cODVVLI\ WKH IROORZLQJ UHDFWLRQV LQ RQH RI WKH UHDFWLRQ W\SH VWXGLHG LQ WKLV XQLW�

�D� ch�ch�bU ��hs–  →  ch�ch�sh ��bU–

�E� �ch���c   ch�  �  hci  →  �ch���cic – ch�

�F� ch�ch�bU  �  ho–  →  ch�   ch� ��h�o � bU–

�G� �ch���c– ch�oh ��hbU  →  �ch���cbUch�ch�ch� ��h�o 

���� :KDW LV WKH UHODWLRQVKLS EHWZHHQ WKH PHPEHUV RI IROORZLQJ SDLUV RI VWUXFWXUHV " 
aUH WKH\ VWUXFWXUDO RU JHRPHWULFDO LVRPHUV RU UHVRQDQFH FRQWULEXWRUV "

�D�   

�E�    

�F�    

���� )RU WKH IROORZLQJ ERQG FOHDYDJHV� XVH FXUYHG�DUURZV WR VKRZ WKH HOHFWURQ IORZ DQG 
FODVVLI\ HDFK DV KRPRO\VLV RU KHWHURO\VLV� iGHQWLI\ UHDFWLYH LQWHUPHGLDWH SURGXFHG 
DV IUHH UDGLFDO� FDUERFDWLRQ DQG FDUEDQLRQ�

�D�  

�E�  

�F�  

�G�  

���� e[SODLQ WKH WHUPV iQGXFWLYH DQG eOHFWURPHULF HIIHFWV� :KLFK HOHFWURQ GLVSODFHPHQW 
HIIHFW H[SODLQV WKH IROORZLQJ FRUUHFW RUGHUV RI DFLGLW\ RI WKH FDUER[\OLF DFLGV"

�D� cO�ccooh ! cO�chcooh ! cOch�cooh

�E� ch�ch�cooh ! �ch���chcooh ! �ch���c�cooh

���� gLYH D EULHI GHVFULSWLRQ RI WKH SULQFLSOHV RI WKH IROORZLQJ WHFKQLTXHV WDNLQJ DQ 
H[DPSOH LQ HDFK FDVH�

�D� cU\VWDOOLVDWLRQ �E� dLVWLOODWLRQ �F� cKURPDWRJUDSK\

���� dHVFULEH WKH PHWKRG� ZKLFK FDQ EH XVHG WR VHSDUDWH WZR FRPSRXQGV ZLWK GLIIHUHQW 
VROXELOLWLHV LQ D VROYHQW s�

���� :KDW LV WKH GLIIHUHQFH EHWZHHQ GLVWLOODWLRQ� GLVWLOODWLRQ XQGHU UHGXFHG SUHVVXUH DQG 
VWHDP GLVWLOODWLRQ "
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���� dLVFXVV WKH FKHPLVWU\ RI lDVVDLJQH¶V WHVW�

���� dLIIHUHQWLDWH EHWZHHQ WKH SULQFLSOH RI HVWLPDWLRQ RI QLWURJHQ LQ DQ RUJDQLF FRPSRXQG 
E\ �L� dXPDV PHWKRG  DQG �LL� .MHOGDKO¶V PHWKRG�

���� dLVFXVV WKH SULQFLSOH RI HVWLPDWLRQ RI KDORJHQV� VXOSKXU DQG SKRVSKRUXV SUHVHQW 
LQ DQ RUJDQLF FRPSRXQG�

���� e[SODLQ WKH SULQFLSOH RI SDSHU FKURPDWRJUDSK\�

���� :K\ LV QLWULF DFLG DGGHG WR VRGLXP H[WUDFW EHIRUH DGGLQJ VLOYHU QLWUDWH IRU WHVWLQJ 
KDORJHQV"

���� e[SODLQ WKH UHDVRQ IRU WKH IXVLRQ RI DQ RUJDQLF FRPSRXQG ZLWK PHWDOOLF VRGLXP IRU 
WHVWLQJ QLWURJHQ� VXOSKXU DQG KDORJHQV�

���� nDPH D VXLWDEOH WHFKQLTXH RI VHSDUDWLRQ RI WKH FRPSRQHQWV IURP D PL[WXUH RI 
FDOFLXP VXOSKDWH DQG FDPSKRU�

���� e[SODLQ� ZK\ DQ RUJDQLF OLTXLG YDSRULVHV DW D WHPSHUDWXUH EHORZ LWV ERLOLQJ SRLQW 
LQ LWV VWHDP GLVWLOODWLRQ "

���� :LOO ccO� JLYH ZKLWH SUHFLSLWDWH RI aJcO RQ KHDWLQJ LW ZLWK VLOYHU QLWUDWH" gLYH UHDVRQ 
IRU \RXU DQVZHU�

���� :K\ LV D VROXWLRQ RI SRWDVVLXP K\GUR[LGH XVHG WR DEVRUE FDUERQ GLR[LGH HYROYHG 
GXULQJ WKH HVWLPDWLRQ RI FDUERQ SUHVHQW LQ DQ RUJDQLF FRPSRXQG"

���� :K\ LV LW QHFHVVDU\ WR XVH DFHWLF DFLG DQG QRW VXOSKXULF DFLG IRU DFLGLILFDWLRQ RI 
VRGLXP H[WUDFW IRU WHVWLQJ VXOSKXU E\ OHDG DFHWDWH WHVW"

���� aQ RUJDQLF FRPSRXQG FRQWDLQV ��� FDUERQ DQG ���� K\GURJHQ� WKH UHPDLQGHU 
EHLQJ R[\JHQ� cDOFXODWH WKH PDVVHV RI FDUERQ GLR[LGH DQG ZDWHU SURGXFHG ZKHQ 
���� J RI WKLV VXEVWDQFH LV VXEMHFWHG WR FRPSOHWH FRPEXVWLRQ�

���� a VDPSOH RI ���� J RI DQ RUJDQLF FRPSRXQG ZDV WUHDWHG DFFRUGLQJ WR .MHOGDKO¶V 
PHWKRG� tKH DPPRQLD HYROYHG ZDV DEVRUEHG LQ �� PO RI ��� m h�so�� tKH UHVLGXDO 
DFLG UHTXLUHG �� Pl RI ��� m VROXWLRQ RI nDoh IRU QHXWUDOLVDWLRQ� )LQG WKH SHUFHQWDJH 
FRPSRVLWLRQ RI QLWURJHQ LQ WKH FRPSRXQG�

���� ������ J RI DQ RUJDQLF FKORUR FRPSRXQG JDYH ������ J RI VLOYHU FKORULGH LQ cDULXV 
HVWLPDWLRQ� cDOFXODWH WKH SHUFHQWDJH RI FKORULQH SUHVHQW LQ WKH FRPSRXQG�

���� iQ WKH HVWLPDWLRQ RI VXOSKXU E\ cDULXV PHWKRG� ����� J RI DQ RUJDQLF VXOSKXU 
FRPSRXQG DIIRUGHG ����� J RI EDULXP VXOSKDWH� )LQG RXW WKH SHUFHQWDJH RI VXOSKXU 
LQ WKH JLYHQ FRPSRXQG� 

���� iQ WKH RUJDQLF FRPSRXQG ch�   ch – ch� – ch� – c � ch� WKH SDLU RI K\GULGLVHG 
RUELWDOV LQYROYHG LQ WKH IRUPDWLRQ RI� c� – c� ERQG LV� 

�D� sp – sp� �E� sp – sp� �F� sp� – sp� �G� sp� – sp�

���� iQ WKH lDVVDLJQH¶V WHVW IRU QLWURJHQ LQ DQ RUJDQLF FRPSRXQG� WKH pUXVVLDQ EOXH 
FRORXU LV REWDLQHG GXH WR WKH IRUPDWLRQ RI�

�D� nD�>)H�cn��@ �E� )H�>)H�cn��@� �F� )H�>)H�cn��@ �G� )H�>)H�cn��@�
���� :KLFK RI WKH IROORZLQJ FDUERFDWLRQ LV PRVW VWDEOH "

�D� �ch���c� c
�
 h� �E� �ch���c

�
�F� ch�ch�c

�
h� �G� ch�c

�
h ch�ch�

���� tKH EHVW DQG ODWHVW WHFKQLTXH IRU LVRODWLRQ� SXULILFDWLRQ DQG VHSDUDWLRQ RI RUJDQLF 
FRPSRXQGV LV�

�D� cU\VWDOOLVDWLRQ �E� dLVWLOODWLRQ �F� sXEOLPDWLRQ �G� cKURPDWRJUDSK\

���� tKH UHDFWLRQ�

ch�ch�i � .oh�DT� → ch�ch�oh � .i

LV FODVVLILHG DV �

�D� HOHFWURSKLOLF VXEVWLWXWLRQ �E� QXFOHRSKLOLF VXEVWLWXWLRQ

�F� HOLPLQDWLRQ �G� DGGLWLRQ
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295HYDROCARBONS

UNIT 9

After studying this unit, you will be 
able to 

� name hydrocarbons according to 
IUPAC system of nomenclature; 

� recognise and write structures 
o f  i s o m e r s  o f  a l k a n e s , 
alkenes, alkynes and aromatic 
hydrocarbons;

� learn about various methods of 
preparation of hydrocarbons;

� distinguish between alkanes,
alkenes, alkynes and aromatic 
hydrocarbons on the basis of 
physical and chemical properties;

� draw and differentiate between 
various conformations of ethane;

� a p p r e c i a t e  t h e  r o l e  o f 
hydrocarbons as sources of 
energy and for other industrial 
applications;

� pred i c t  the  f o r mat i on  o f 
the  add i t i on  products  o f 
unsymmetrical alkenes and 
alkynes on the basis of electronic 
mechanism;

� comprehend the structure of 
benzene, explain aromaticity 
and understand mechanism 
of electrophilic substitution 
reactions of benzene; 

� predict the directive influence of 
substituents in monosubstituted 
benzene ring;

� learn about carcinogenicity and 
toxicity.

HYDROCARBONS

The term ‘hydrocarbon’ is self-explanatory which means 
compounds of carbon and hydrogen only. Hydrocarbons 
play a key role in our daily life. You must be familiar 
with the terms ‘LPG’ and ‘CNG’ used as fuels. LPG is the 
abbreviated form of liquified petroleum gas whereas CNG 
stands for compressed natural gas. Another term ‘LNG’ 
(liquified natural gas) is also in news these days. This is 
also a fuel and is obtained by liquifaction of natural gas. 
Petrol, diesel and kerosene oil are obtained by the fractional 
distillation of petroleum found under the earth’s crust. 
Coal gas is obtained by the destructive distillation of 
coal. Natural gas is found in upper strata during drilling 
of oil wells. The gas after compression is known as 
compressed natural gas. LPG is used as a domestic fuel 
with the least pollution. Kerosene oil is also used as a 
domestic fuel but it causes some pollution. Automobiles 
need fuels like petrol, diesel and CNG. Petrol and CNG 
operated automobiles cause less pollution. All these fuels 
contain mixture of hydrocarbons, which are sources of 
energy. Hydrocarbons are also used for the manufacture 
of polymers like polythene, polypropene, polystyrene etc. 
Higher hydrocarbons are used as solvents for paints. They 
are also used as the starting materials for manufacture 
of many dyes and drugs. Thus, you can well understand 
the importance of hydrocarbons in your daily life. In this 
unit, you will learn more about hydrocarbons.

9.1 CLASSIFICATION

Hydrocarbons are of different types. Depending upon 
the types of carbon-carbon bonds present, they can 
be classified into three main categories – (i� saturated 

Hydrocarbons are the important sources of energy.
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296 CHEMISTRY

( i i )  unsaturated and ( i i i )  aromat ic 
hydrocarbons. Saturated hydrocarbons 
contain carbon-carbon and carbon-hydrogen 
single bonds. If different carbon atoms are 
joined together to form open chain of carbon 
atoms with single bonds, they are termed 
as alkanes as you have already studied in 
Unit 8. On the other hand, if carbon atoms 
form a closed chain or a ring, they are termed 
as cycloalkanes. Unsaturated hydrocarbons 
contain carbon�carbon multiSle bonds – 
double bonds, triple bonds or both. Aromatic 
hydrocarbons are a special type of cyclic 
compounds. You can construct a large 
number of models of such molecules of both 
types (open chain and close chain) keeping 
in mind that carbon is tetravalent and 
hydrogen is monovalent. For making models 
of alkanes, you can use toothpicks for bonds 
and plasticine balls for atoms. For alkenes, 
alkynes and aromatic hydrocarbons, spring 
models can be constructed.

9.2  ALKANES
As already mentioned, alkanes are saturated 
open chain hydrocarbons containing 
carbon - carbon single bonds. Methane (CH4) 
is the first member of this family. Methane is 
a gas found in coal mines and marshy places. 
If you replace one hydrogen atom of methane 
by carbon and join the required number of 
hydrogens to satisfy the tetravalence of the 
other carbon atom, what do you get? You 
get C2H6. This hydrocarbon with molecular 
formula C2H6 is known as ethane. Thus you 
can consider C2H6 as derived from CH4 by 
replacing one hydrogen atom by -CH3 group. 
Go on constructing alkanes by doing this 
theoretical exercise i.e., replacing hydrogen 
atom b\ –CH3 group. The next molecules will 
be C3H8, C4H10 … 

of the general formula for alkane family 
or homologous series? If we examine the 
formula of different alkanes we find that 
the general formula for alkanes is CnH2n+2. It 
represents any particular homologue when n
is given appropriate value. Can you recall the 
structure of methane? According to VSEPR 
theory (Unit 4), methane has a tetrahedral 
structure (Fig. 9.1), in which carbon atom lies 
at the centre and the four hydrogen atoms lie 
at the four corners of a regular tetrahedron.  
All H-C-H  bond angles are of 109.5°. 

In alkanes, tetrahedra are joined together 
in which C-C and C-H bond lengths are 
154 pm and 112 pm respectively (Unit 8). 
<ou haYe alread\ read that C–C and C–H V
bonds are formed by head-on overlapping of 
sp3 hybrid orbitals of carbon and 1s orbitals 
of hydrogen atoms.

9.2.1 Nomenclature and Isomerism 

You have already read about nomenclature 
of different classes of organic compounds 
in Unit 8. Nomenclature and isomerism 
in alkanes can further be understood with 
the help of a few more examples. Common 
names are given in parenthesis. First three 
alkanes – methane� ethane and SroSane haYe 
only one structure but higher alkanes can 
have more than one structure. Let us write 
structures for C4H10. Four carbon atoms of 
C4H10 can be joined either in a continuous 
chain or with a branched chain in the 
following two ways :

Fig. 9.1  Structure of methane

  Butane (n- butane), (b.p. 273 K)

I

H H H  

H—C—H 
replace any H by - CH3  H—C—C—H or C2H6

H H H
These hydrocarbons are inert under 

normal conditions as they do not react with 
acids, bases and other reagents. Hence, 
they were earlier known as paraffins (latin : 
parum, little; affinis, affinity). Can you think 

Unit 9.indd   296 12-03-2026   12:01:01

Reprint 2026-27



297HYDROCARBONS

In how many ways, you can join five
carbon atoms and twelve hydrogen atoms of 
C5H12? They can be arranged in three ways 
as shown in structures ,,,–9

isomers. It is also clear that structures I and 
III have continuous chain of carbon atoms 
but structures II, IV and V have a branched 
chain. Such structural isomers which differ 
in chain of carbon atoms are known as chain 
isomers. Thus, you have seen that C4H10
and C5H12 have two and three chain isomers 
respectively.

Problem 9.1

Write structures of different chain 
isomers of alkanes corresponding to the 
molecular formula C6H14. Also write their 
IUPAC names.

Solution

(i) CH3 – CH2 – CH2 – CH2– CH2– CH3

n-Hexane

2-Methylpentane

3-Methylpentane

2,3-Dimethylbutane

2,2 - Dimethylbutane

Based upon the number of carbon atoms 
attached to a carbon atom, the carbon atom is 
termed as Srimar\ (�Ĉ�� secondar\ (�Ĉ�� tertiar\ 
(�Ĉ� or Tuaternar\ (�Ĉ�. Carbon atom attached 
to no other carbon atom as in methane or to 
only one carbon atom as in ethane is called 
primary carbon atom. Terminal carbon 
atoms are always primary. Carbon atom 
attached to two carbon atoms is known as 
secondary. Tertiary carbon is attached to 
three carbon atoms and neo or quaternary 
carbon is attached to four carbon atoms. Can 
\ou identif\ �Ĉ� �Ĉ� �Ĉ and �Ĉ carbon atoms in 

II

2-Methylpropane (isobutane) 
(b.p.261 K)

Structures I and II possess same molecular 
formula but differ in their boiling points and 
other properties. Similarly structures III, IV 
and V possess the same molecular formula 
but have different properties. Structures I and 
II are isomers of butane, whereas structures 
III, IV and V are isomers of pentane. Since 
difference in properties is due to difference in 
their structures, they are known as structural 

III

Pentane (n-pentane)
(b.p. 309 K)

2-Methylbutane (isopentane)
(b.p. 301 K)

IV

2,2-Dimethylpropane (neopentane) 
(b.p. 282.5 K)

V
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298 CHEMISTRY

structures I to V ? If you go on constructing 
structures for higher alkanes, you will be 
getting still larger number of isomers. C6H14
has got five isomers and C7H16 has nine. As 
many as 75 isomers are possible for C10H22.

In structures II, IV and V, you observed 
that –CH3 group is attached to carbon atom 
numbered as 2. You will come across groups 
like –CH3� –C2H5� –C3H7 etc. attached to 
carbon atoms in alkanes or other classes of 

compounds.  These groups or substituents 
are known as alkyl groups as they are derived 
from alkanes by removal of one hydrogen 
atom. General formula for alkyl groups is 
CnH2n+1 (Unit 8). 

Let us recall the general rules for 
nomenclature already discussed in Unit 8. 
Nomenclature of substituted alkanes can 
further be understood by considering the 
following problem:

Problem 9.2

Write structures of different isomeric alkyl groups corresponding to the molecular formula 
C5H11. :rite ,83AC names of alcohols obtained b\ attachment of  –2H grouSs at different 
carbons of the chain.

Solution

6WUXFWXUHV�RI�–�&5H11�JURXS &RUUHVSRnGLnJ�DOFRKROV 1DPH�RI�DOFRKRO

(i) CH3 – CH2 – CH2 – CH2– CH2 – CH3 – CH2 – CH2 – CH2– CH2 – 2H 3entan���ol

(ii) CH3 – CH – CH2 – CH2 – CH3 CH3 – CH – CH2 – CH2– CH3 3entan���ol
 | |

2H

(iii) CH3 – CH2 – CH – CH2 – CH3 CH3 – CH2 – CH – CH2– CH3 3entan���ol
| |

2H

CH3 CH3 ��0eth\l�
| | butan���ol

(iv) CH3 – CH – CH2 – CH2 – CH3 – CH – CH2 – CH2– 2H

  CH3   CH3 ��0eth\l�
  |   | butan���ol

(v) CH3 – CH2 – CH – CH2 – CH3 – CH2 – CH – CH2– 2H

CH3 CH3 ��0eth\l�
|  | butan���ol

(vi) CH3 – C – CH2 – CH3 CH3 – C – CH2 – CH3
|  |

 2H

 CH3  CH3 ���� 'imeth\l�
|  | SroSan���ol

(vii) CH3 – C – CH2 – CH3 – C – CH22H
|  |

  CH3  CH3

CH3  CH3 2H ��0eth\l�
|       |        | | butan���ol

(viii) CH3 – CH – CH –CH3 CH3 – CH – CH –CH3

Unit 9.indd   298 20-03-2026   02:52:15

Reprint 2026-27



299HYDROCARBONS

Remarks

Lowest sum and
alphabetical 
arrangement

Lowest sum and 
alphabetical
arrangement

sec is not considered
while arranging
alphabetically; 
isopropyl is taken 
as one word

Further numbering 
to the substituents
of the side chain

Alphabetical 
priority order

Table 9.1  Nomenclature of a Few Organic Compounds

important to write the correct structure 
from the given IUPAC name. To do this, first 
of all, the longest chain of carbon atoms 
corresponding to the parent alkane is written. 
Then after numbering it, the substituents are 
attached to the correct carbon atoms and 
finally valence of each carbon atom is satisfied 
by putting the correct number of hydrogen 
atoms. This can be clarified by writing the 
structure of ��eth\l��� �–dimeth\lSentane in 
the following steps :

i) Draw the chain of five carbon atoms:
C – C – C – C – C

ii) Give number to carbon atoms: 
C1– C2– C3– C4– C5

Structure and IUPAC Name

(a)
1
CH3–

2
CH – 

3
CH2 – 

4
CH – 

5
CH2 – 

6
CH3   

(� – (th\l – � – meth\lhe[ane�

(b)  8CH3 –
 7CH2 –

 6CH2 –
 5CH – 4CH –    3C   – 2CH2 –

 1CH3   

(3,3-Diethyl-5-isopropyl-4-methyloctane)

(c) 1CH3–
2CH2–

3CH2–
4CH–5CH–6CH2–

7CH2–
8CH2–

9CH2–
10CH3      

5-sec– %ut\l���isoSroS\ldecane

(d) 1CH3–
2CH2–

3CH2–
4CH2–

5CH–6CH2–
7CH2–

8CH2–
9CH3

��(���– 'imeth\lSroS\l�nonane
(e) 1CH3 –

 2CH2 –
 3CH – 4CH2 –

 5CH – 6CH2 –
 7CH3   

  
�–(th\l–�–meth\lheStane

Problem 9.3

Write IUPAC names of the following 
compounds :

(i) (CH3)3 C CH2C(CH3)3
(ii) (CH3)2 C(C2H5)2
(iii� tetra – tert-butylmethane

Solution

(i) 2, 2, 4, 4-Tetramethylpentane

(ii) 3, 3-Dimethylpentane

(iii) 3,3-Di-tert-butyl -2, 2, 4, 4 - 
tetramethylpentane

If it is important to write the correct 
IUPAC name for a given structure, it is equally 
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300 CHEMISTRY

iii) Attach ethyl group at carbon 3 and two
methyl groups at carbon 2

	 C1 – 2C – 3C – 4C – 5C 

iv) Satisfy the valence of each carbon atom
by putting requisite number of hydrogen
atoms :

	 CH3  –  C  –   CH – CH2 – CH3

	 Thus we arrive at the correct structure. 
If you have understood writing of structure 
from the given name, attempt the following 
problems.

Problem 9.4

Write structural formulas of the following 
compounds :

(i) 3, 4, 4, 5–Tetramethylheptane

(ii) 2,5-Dimethyhexane

Solution

(i) CH3 – CH2 – CH – C  –  CH – CH2 – CH3

(ii) CH3 – CH – CH2 – CH2 – CH – CH3

Problem 9.5

Write structures for each of the 
following compounds. Why are the given 
names incorrect? Write correct IUPAC 
names.

(i) 2-Ethylpentane

(ii) 5-Ethyl – 3-methylheptane

Solution

(i) CH3 – CH – CH2– CH2 – CH3

Longest chain is of six carbon atoms and 
not that of five. Hence, correct name is 
3-Methylhexane.

7	 6	 5 4	  3	 2	 1

(ii) CH3 – CH2 – CH – CH2 – CH – CH2 – CH3

Numbering is to be started from the 
end which gives lower number to ethyl 
group. Hence, correct name is 3-ethyl-5-
methylheptane.

9.2.2	 Preparation

Petroleum and natural gas are the main 
sources of alkanes. However, alkanes can be 
prepared by following methods :

1. From unsaturated hydrocarbons
Dihydrogen gas adds to alkenes and alkynes
in the presence of finely divided catalysts like
platinum, palladium or nickel to form alkanes.
This process is called hydrogenation. These
metals adsorb dihydrogen gas on their
surfaces and activate the hydrogen – hydrogen
bond. Platinum and palladium catalyse the
reaction at room temperature but relatively
higher temperature and pressure are required
with nickel catalysts.

CH2 =CH2 + H2 
Pt/Pd/Ni  CH3−CH3 

Ethene Propane   (9.1)

  

CH3–CH=CH2 + H2 
Pt/Pd/Ni  CH3−CH2CH3 

Propane Propane

(9.2)

 

CH3–C≡ C–H + H2 
Pt/Pd/Ni  CH3−CH2CH3 

Propyne Propane

(9.3)

2. From alkyl halides

i) Alkyl halides (except fluorides) on reduction
with zinc and dilute hydrochloric acid give
alkanes.

CH3 – C1 + H2 
Zn,H+

 CH4 + HC1   (9.4)

Chloromethane	 Methane
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C2H5–C��H2
Zn,H�

 C2H6�HC1

Chloroethane                    Ethane           (9.5)

CH3CH2CH2C� � H2
Zn,H�

 CH3CH2CH3�HCl

1-Chloropropane                     Propane
(9.6)

ii) Alkyl halides on treatment with sodium 
metal in dry ethereal (free from moisture) 
solution give higher alkanes. This reaction 
is known as Wurtz reaction and is used 
for the preparation of higher alkanes 
containing even number of carbon 
atoms.

CH3%r��1a�%rCH3
dry ether  CH3 –CH3��1a%r

Bromomenthane  Ethane

(9.7)

C2H5%r��1a�%rC2H5
dry ether  CH3–CH2–

CH2–CH3 ��1a%r

%romoethane        n–%utane

(9.8)

What will happen if two different alkyl halides 
are taken?

3. From carboxylic acids
i) Sodium salts of carboxylic acids on

heating with soda lime (mixture of sodium 
hydroxide and calcium oxide) give alkanes 
containing one carbon atom less than the 
carboxylic acid. This process of elimination 
of carbon dioxide from a carboxylic acid is 
known as decarboxylation.

CH3COO–1a��1a2H '
CaO  CH4�1a2CO3

Sodium ethanoate

Problem 9.6

Sodium salt of which acid will be needed 
for the preparation of propane ? Write 
chemical equation for the reaction.

Solution

Butanoic acid, 
CH3CH2CH2COO–1a�� 1a2H CaO

    CH3CH2CH3�1a2CO3

ii) Kolbe’s electrolytic method: An aqueous 
solution of sodium or potassium salt of 
a carboxylic acid on electrolysis gives 

alkane containing even number of 

carbon atoms at the anode.
+

3 2

3 3 2 2

Electrolysis

2CH COO Na 2H O

Sodiumacetate

CH CH 2CO H 2NaOH

� �

�

� � � �    (9.9)

The reaction is supposed to follow the 
following path :

O

i) 2CH3COO–1a�  2CH3 – C – 2–��1a�

ii) At anode:
O O

2CH3 –C–2– –�e–

2CH3–C–  2C
.
    H3��C22�

Acetate ion  Acetate         Methyl free  
                                free radical     radical
iii) H3C � CH3  H3C–CH3�
iv) At cathode :

H22 � e–o–2H�

2 o H2�

Methane cannot be prepared by this 
method. Why?

9.2.3 Properties

Physical properties

Alkanes are almost non-polar molecules 
because of the covalent nature of C-C and 
C-H bonds and due to very little difference 
of electronegativity between carbon and 
hydrogen atoms. They possess weak van der 
Waals forces. Due to the weak forces, the first 
four members, C1 to C4 are gases, C5 to C17
are liquids and those containing 18 carbon 
atoms or more are solids at 298 K. They are 
colourless and odourless. What do you think 
about solubility of alkanes in water based 
upon non-polar nature of alkanes? Petrol 
is a mixture of hydrocarbons and is used 
as a fuel for automobiles. Petrol and lower 
fractions of petroleum are also used for  dry 
cleaning of clothes to remove grease stains. 
On the basis of this observation, what do 
you think about the nature of the greasy 
substance? You are correct if you say that 
grease (mixture of higher alkanes) is non-
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polar and, hence, hydrophobic  in nature. It is 
generally observed that in relation to solubility 
of substances in solvents, polar substances 
are soluble in polar solvents, whereas the 
non-polar ones in non-polar solvents i.e., like 
dissolves like.

Boiling point (b.p.) of different alkanes are 
given in Table 9.2 from which it is clear that 
there is a steady increase in boiling point with 
increase in molecular mass. This is due to the 
fact that the intermolecular van der Waals 
forces increase with increase of the molecular 
size or the surface area of the molecule. 

You can make an interesting observation 
by having a look on the boiling points of 
three isomeric pentanes viz., (pentane, 
2-methylbutane and 2,2-dimethylpropane). It 
is observed (Table 9.2) that pentane having 
a continuous chain of five carbon atoms has 
the highest boiling point (309.1K) whereas 
��� – dimeth\lSroSane boils at ���.�.. :ith 
increase in number of branched chains, 
the molecule attains the shape of a sphere. 
This results in smaller area of contact and 
therefore weak intermolecular forces between 
spherical molecules, which are overcome at 
relatively lower temperatures. 

Chemical properties
As already mentioned, alkanes are generally 
inert towards acids, bases, oxidising and 

reducing agents. However, they undergo 
the following reactions under certain 
conditions.

1. Substitution reactions

One or more hydrogen atoms of alkanes 
can be replaced by halogens, nitro group 
and sulphonic acid group. Halogenation
takes place either at higher temperature 
(������� .� or in the Sresence of diffused 
sunlight or ultraviolet light. Lower alkanes 
do not undergo nitration and sulphonation 
reactions. These reactions in which hydrogen 
atoms of alkanes are substituted are known 
as substitution reactions. As an example, 
chlorination of methane is given below:

Halogenation

CH4 + Cl2
hv      CH3C1 + HC1

Chloromethane (9.10)

CH3C1  + Cl2
hv  CH2 C12 + HCl

Dichloromethane (9.11)

CH2C12 + Cl2 
hv   CHC13 + HC1

Trichloromethane (9.12)

CHC13  +  C12 
hv   CC14 + HC1

Tetrachloromethane (9.13)

Table 9.2 Variation of Melting Point and Boiling Point in Alkanes

Molecular Name Molecular b.p./(K) m.p./(K)
formula  mass/u  

CH4 0ethane �� ���.� ��.�
C2H6 (thane �� ���.� ���.�
C3H� 3roSane �� ���.� ��.�
C4H10 %utane �� ���.� ���.�
C4H10 ��0eth\lSroSane �� ���.� ���.�
C�H12 3entane �� ���.� ���.�
C�H12 ��0eth\lbutane �� ���.� ���.�
C�H12 ����'imeth\lSroSane �� ���.� ���.�
C6H14 He[ane �� ���.� ���.�
C�H16 HeStane ��� ���.� ���.�
C�H�� 2ctane ��� ���.� ���.�
C9H20 1onane ��� ���.� ���.�
C10H22 'ecane ��� ���.� ���.�
C20H42 (icosane ��� ���.� ���.�
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CH3–CH3  +  C12  
hv   CH3–CH2C1   +   HC1

Chloroethane (9.14)

It is found that the rate of reaction of 
alkanes with halogens is F2 > Cl2 > Br2 > I2. 
Rate of replacement of hydrogens of alkanes is : 
�Ĉ ! �Ĉ ! �Ĉ. )luorination is too Yiolent to 
be controlled. ,odination is Yer\ slow and a 
reYersible reaction. ,t can be carried out in the 
presence of oxidizing agents like HIO3 or HNO3.

CH4 + I2  CH3I + HI (9.15)

HIO3 + 5HIo312 + 3H2O (9.16)

Halogenation is suSSosed to Sroceed Yia 
free radical chain mechanism inYolYing three 
steps namely initiation, propagation and 
termination as giYen below�

Mechanism 

(i) Initiation : The reaction is initiated 
by homolysis of chlorine molecule in the 
Sresence of light or heat. 7he Cl–Cl bond 
is weaker than the C–C and C–H bond and 
hence, is easiest to break.

C�–C�  
hv

homolysis  + 2C
.
   l

  Chlorine free radicals

(ii) Propagation : Chlorine free radical 
attacks the methane molecule and takes the 
reaction in the forward direction by breaking 
the C-H bond to generate methyl free radical 
with the formation of H-Cl.

(a) CH4 + C
.
   l  hv   C

.
   H3 � H–C�

The methyl radical thus obtained attacks 
the second molecule of chlorine to form 
CH3 – Cl with the liberation of another chlorine 
free radical by homolysis of chlorine molecule.

(b) C
.
   H3 �  C�–C� hv  CH3 – C� � C

.
   l

The chlorine and methyl free radicals 
generated aboYe reSeat steSs (a� and (b� 
resSectiYel\ and thereb\ setuS a chain of 
reactions. The propagation steps (a) and 
(b� are those which directl\ giYe SrinciSal 
products, but many other propagation 

steps are possible and may occur. Two such 
steSs giYen below e[Slain how more highl\ 
haloginated products are formed.

CH3C1 + C
.
  1 o C

.
  H2C1 + HC1

C
.
  H2C� � C�– C� o CH2C12  + C

.
  1

(iii)  Termination: The reaction stops after 
some time due to consumption of reactants 
and / or due to the following side reactions :

The possible chain terminating steps are:

(a) C
.
  1 + C

.
  1 o C�–C�

(b) H3C
.
   + C

.
   H3 o H3C– CH3

(c) C
.
   H3  +  C

.
  1  o  H3C–C�

Though in (c), CH3 – Cl�  the one of the 
products is formed but free radicals are 
consumed and the chain is terminated. The 
aboYe mechanism helSs us to understand 
the reason for the formation of ethane as a 
byproduct during chlorination of methane. 

2. Combustion 

Alkanes on heating in the presence of air or 
dioxygen are completely oxidized to carbon 
dio[ide and water with the eYolution of large 
amount of heat.

4 2 2 2

è -1
c

4 10 2 2 2

è -1
c

CH (g) 2O (g) CO (g) 2H O(1);

Ä H 890kJmol
(9.17)

C H (g) 13/2O (g) 4CO (g) 5H O(1)

Ä H 2875.84kJmol
(9.18)

� � �

�

� � �

� �

      

The general combustion equation for any 
alkane is :

n 2n+2 2 2 2
3n 1C H O nCO (n 1)H O

2
+ + → + +  

(9.19)
Due to the eYolution of large amount of 

heat during combustion, alkanes are used as 
fuels.

During incomplete combustion of alkanes 
with insufficient amount of air or dioxygen, 
carbon black is formed which is used in 
the manufacture of ink, printer ink, black 
pigments and as filters.
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CH4(g) + O2(g) incomplete
combustion  C(s)+2H2 O(1)

(9.20)

3. Controlled oxidation
Alkanes on heating with a regulated supply
of dioxygen or air at high pressure and in the
presence of suitable catalysts give a variety of
oxidation products.
(i) 2CH4 + O2 

Cu/523K/100atm  2CH3 OH

Methanol

(9.21)

(ii) CH4 + O2 
Mo2O3

∆
 HCHO  +  H2O

Methanal

(9.22)

(iii) 2CH3CH3 + 3O2 
(CH3COO)2Mn

∆
 2CH3COOH

Ethanoic acid

+ 2H2O
(9.23)

(iv) Ordinarily alkanes resist oxidation but
alkanes having tertiary H atom can be
oxidized to corresponding alcohols by
potassium permanganate.

(CH3)3 CH 
KMnO4

Oxidation  (CH3)3 COH

2-Methylpropane� 2-Methylpropane-2-01

(9.24)

4. Isomerisation
n-Alkanes on heating in the presence of
anhydrous aluminium chloride and hydrogen
chloride gas isomerise to branched chain
alkanes. Major products are given below.
Some minor products are also possible which
you can think over. Minor products are
generally not reported in organic reactions.

CH3(CH)2)4CH3
Anhy, AICI3/ HCI

n-Hexane
CH3CH–(CH2)2–CH3 + CH3CH2–CH–CH2–CH3

	 CH3 CH3

2-Methylpentane	 3-Methylpentane
(9.25)

5. Aromatization
n-Alkanes having six or more carbon atoms
on heating to 773K at 10-20 atmospheric

pressure in the presence of oxides of vanadium, 
molybdenum or chromium supported over 
alumina get dehydrogenated and cyclised to 
benzene and its homologues. This reaction is 
known as aromatization or reforming.

(9.26)

	 Toluene (C7H8) is methyl derivative of 
benzene. Which alkane do you suggest for 
preparation of toluene ?

6. Reaction with steam
Methane reacts with steam at 1273 K in the
presence of nickel catalyst to form carbon
monoxide and dihydrogen. This method is
used for industrial preparation of dihydrogen
gas

CH4  +  H2O Ni

∆
 CO  +  3H2 (9.27)

7. Pyrolysis
Higher alkanes on heating to higher
temperature decompose into lower alkanes,
alkenes etc. Such a decomposition reaction
into smaller fragments by the application of
heat is called pyrolysis or cracking.

(9.28)
	 Pyrolysis of alkanes is believed to be a 
free radical reaction. Preparation of oil gas 
or petrol gas from kerosene oil or petrol 
involves the principle of pyrolysis. For 
example, dodecane, a constituent of kerosene 
oil on heating to 973K in the presence of 
platinum, palladium or nickel gives a mixture 
of heptane and pentene.

C12H26 
Pt/Pd/Ni

973K  C7H16  +  C5H10 + Other
Products

Dodecane	 Heptane	 Pentene
(9.29)
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9.2.4 Conformations
Alkanes contain carbon-carbon sigma (V) 
bonds. Electron distribution of the sigma 
molecular orbital is symmetrical around the 
internuclear a[is of the C–C bond which is 
not disturbed due to rotation about its axis. 
7his Sermits free rotation about C–C single 
bond. This rotation results into different 
spatial arrangements of atoms in space 
which can change into one another. Such 
spatial arrangements of atoms which can 
be converted into one another by rotation 
around a C-C single bond are called 
conformations or conformers or rotamers. 
Alkanes can thus have infinite number of 
conformations by rotation around C-C single 
bonds. However, it may be remembered that 
rotation around a C-C single bond is not 
completely free. It is hindered by a small 
energy barrier of 1-20 kJ mol–� due to weak 
repulsive interaction between the adjacent 
bonds. Such a type of repulsive interaction 
is called torsional strain.

Conformations of ethane : Ethane 
molecule (C2H6� contains a carbon – carbon 
single bond with each carbon atom attached 
to three hydrogen atoms.  Considering the 
ball and stick model of ethane, keep one 
carbon atom stationary and rotate the other 
carbon atom around the C-C axis. This 
rotation results into infinite number of spatial 
arrangements of hydrogen atoms attached to 
one carbon atom with respect to the hydrogen 
atoms attached to the other carbon atom. 
These are called conformational isomers 
(conformers). Thus there are infinite number 
of conformations of ethane. However, there are 
two extreme cases. One such conformation 
in which hydrogen atoms attached to two 
carbons are as closed together as possible is 
called eclipsed conformation and the other in 
which hydrogens are as far apart as possible 
is known as the staggered conformation. Any 
other intermediate conformation is called a 
skew conformation.It may be remembered 
that in all the conformations, the bond angles 
and the bond lengths remain the same. 
Eclipsed and the staggered conformations can 
be represented by Sawhorse and Newman 
projections.

1. Sawhorse projections 
In this projection, the molecule is viewed 
along the molecular axis. It is then projected 
on SaSer b\ drawing the central C–C bond 
as a somewhat longer straight line. Upper 
end of the line is  slightly tilted towards 
right or left hand side. The front carbon is 
shown at the lower end of the line, whereas 
the rear carbon is shown at the upper end. 
Each carbon has three lines attached to it 
corresponding to three hydrogen atoms. 
7he lines are inclined at an angle of ���Ĉ to 
each other. Sawhorse projections of eclipsed 
and staggered conformations of ethane are 
depicted in Fig. 9.2.

2. Newman projections 
In this projection, the molecule is viewed at the 
C–C bond head on. 7he carbon atom nearer 
to the eye is represented by a point. Three 
hydrogen atoms attached to the front carbon 
atom are shown by three lines drawn at an 
angle of ���Ĉ to each other. 7he rear carbon 
atom (the carbon atom away from the eye) is 
represented by a circle and the three hydrogen 
atoms are shown attached to it by the shorter 
lines drawn at an angle of ���Ĉ to each other. 
The Newman’s projections are depicted in 
Fig. 9.3.

Fig. 9.2  Sawhorse projections of ethane

Fig. 9.3  Newman’s projections of ethane
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Fig. 9.4 Orbital picture of ethene depicting
V bonds only

Relative stability of conformations: As 
mentioned earlier, in staggered form of ethane, 
the electron clouds of carbon-hydrogen bonds 
are as far apart as possible. Thus, there are 
minimum repulsive forces, minimum energy 
and maximum stability of the molecule. On the 
other hand, when the staggered form changes 
into the eclipsed form, the electron clouds of the 
carbon – h\drogen bonds come closer to each 
other resulting in increase in electron cloud 
repulsions. To check the increased repulsive 
forces, molecule will have to possess more 
energy and thus has lesser stability. As already 
mentioned, the repulsive interaction between 
the electron clouds, which affects stability of 
a conformation, is called torsional strain.  
Magnitude of torsional strain depends upon 
the angle of rotation about C–C bond. 7his 
angle is also called dihedral angle or torsional 
angle. Of all the conformations of ethane, the 
staggered form has the least torsional strain 
and the eclipsed form, the maximum torsional 
strain. Therefore, staggered conformation is 
more stable than the eclipsed conformation. 
Hence, molecule largely remains in staggered 
conformation or we can say that it is preferred 
conformation. Thus it may be inferred that 
rotation around C–C bond in ethane is not 
completely free.  The energy difference between 
the two extreme forms is of the order of 12.5 
kJ mol–�, which is very small. Even at ordinary 
temperatures, the ethane molecule gains 
thermal or kinetic energy sufficient enough to 
overcome this energy barrier of 12.5 kJ mol–�

through intermolecular collisions. Thus, it 
can be said that rotation about carbon-carbon 
single bond in ethane is almost free for all 
practical purposes. It has not been possible to 
separate and isolate different conformational 
isomers of ethane.

9.3 ALKENES

Alkenes are unsaturated hydrocarbons 
containing at least one double bond. What 
should be the general formula of alkenes? If 
there is one double bond between two carbon 
atoms in alkenes, they must possess two 
hydrogen atoms less than alkanes. Hence, 
general formula for alkenes is CnH2n. Alkenes 
are also known as olefins (oil forming) since 

the first member, ethylene or ethene (C2H4) 
was found to form an oily liquid on reaction 
with chlorine.

9.3.1 Structure of Double Bond

Carbon-carbon double bond in alkenes 
consists of one strong sigma (V) bond (bond 
enthalpy about 397 kJ mol–�) due to head-on 
overlapping of sp2 hybridised orbitals and 
one weak pi (π) bond (bond enthalpy about 
284 kJ mol–�) obtained by lateral or sideways 
overlapping of the two 2p orbitals of the two 
carbon atoms. The double bond is shorter in 
bond length (��� Sm� than the C–C single 
bond (154 pm). You have already read that 
the pi (π) bond is a weaker bond due to poor 
sideways overlapping between the two 2p
orbitals. Thus, the presence of the pi (π) bond 
makes alkenes behave as sources of loosely 
held mobile electrons. Therefore, alkenes are 
easily attacked by reagents or compounds 
which are in search of electrons. Such 
reagents are called electrophilic reagents. 
The presence of weaker π-bond makes alkenes 
unstable molecules in comparison to alkanes 
and thus, alkenes can be changed into single 
bond compounds by combining with the 
electrophilic reagents. Strength of the double 
bond (bond enthalpy, 681 kJ mol–�) is greater 
than that of a carbon-carbon single bond in 
ethane (bond enthalpy, 348 kJ mol–�). Orbital 
diagrams of ethene molecule are shown in 
Figs. 9.4 and 9.5.

9.3.2 Nomenclature

For nomenclature of alkenes in IUPAC system, 
the longest chain of carbon atoms containing 
the double bond is selected. Numbering of the 
chain is done from the end which is nearer to 
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307HYDROCARBONS

the double bond. The suffix ‘ene’ replaces ‘ane’ 
of alkanes. It may be remembered that  first 
member of alkene series is: CH2 (replacing 
n by 1 in CnH2n) known as methene but has 
a very short life. As already mentioned, first 
stable member of alkene series is C2H4 known 
as ethylene (common) or ethene (IUPAC). 
IUPAC names of a few members of alkenes 
are given below :

Structure IUPAC name

CH3 – CH = CH2 Propene

CH3 – CH2 – CH = CH2 %ut – l � ene

CH3 – CH = CH–CH3 But-2-ene

CH2 = CH – CH = CH2 %uta – ��� � diene

CH2 = C – CH3 2-Methylprop-1-ene
          |
         CH3

CH2 = CH – CH – CH3 3-Methylbut-1-ene
         |
        CH3

Problem  9.7

Write IUPAC names of the following 
compounds:

(i) (CH3)2CH – CH =  CH – CH2 – CH
  		

  CH3 – CH – CH
     |
     C2H5

(ii)

(iii) CH2 = C (CH2CH2CH3)2
(iv) CH3 CH2 CH2 CH2 CH2CH3

| |
    CH3 – CHCH = C – CH2 – CHCH3

  |
  CH3

Solution

(i) 2,8-Dimethyl-3, 6-decadiene;

(ii) 1,3,5,7 Octatetraene;

(iii) 2-n-Propylpent-1-ene;

(iv) 4-Ethyl-2,6-dimethyl-dec-4-ene;

Problem 9.8

Calculate number of sigma (V) and pi (π) 
bonds in the above structures (i-iv).

Solution

V bonds : 33, π bonds : 2

V bonds : 17, π bonds : 4

V�bonds : 23, π bond : 1

V bonds : 41, π bond : 1

9.3.3 Isomerism 

Alkenes show both structural isomerism and 
geometrical isomerism.

Structural isomerism : As in alkanes, ethene 
(C2H4) and propene (C3H6) can have only one 
structure but alkenes higher than propene 
have different structures. Alkenes possessing 
C4H8 as molecular formula can be written in 
the following three ways:

I. 1 2 3 4

CH2 = CH – CH2 – CH3

But-1-ene

(C4H8)   

II.  1  2  3  4

CH3 – CH = CH – CH3

But-2-ene

(C4H8)

Fig. 9.5 Orbital picture of ethene showing formation of (a) π-bond, (b) π-cloud and (c) bond angles and 
bond lengths 
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III. 1 2 3

CH2 = C – CH3
|
CH3

2-Methylprop-1-ene
(C4H8)

Structures I and III, and II and III are 
the examples of chain isomerism whereas 
structures I and II are position isomers.

Problem 9.9

Write structures and IUPAC names of 
different structural isomers of alkenes 
corresponding to C5H10.

Solution
(a) CH2 = CH – CH2 – CH2 – CH3

Pent-1-ene

(b) CH3 – CH=CH  – CH2 – CH3

Pent-2-ene

(c) CH3 – C = CH – CH3
|
CH3

2-Methylbut-2-ene

(d) CH3 – CH – CH = CH2
|
CH3

3-Methylbut-1-ene

(e) CH2 = C – CH2 – CH3
|
CH3

2-Methylbut-1-ene

Geometrical isomerism: Doubly bonded
carbon atoms have to satisfy the remaining 
two valences by joining with two atoms or 
groups. If the two atoms or groups attached 
to each carbon atom are different, they can 
be represented by YX C = C XY like structure. 
YX C = C XY can be represented in space in 
the following two ways :

In (a), the two identical atoms i.e., both 
the X or both the Y lie on the same side 
of the double bond but in (b) the two X or 
two Y lie across the double bond or on the 
opposite sides of the double bond. This 
results in different geometry of (a) and (b) i.e. 
disposition of atoms or groups in space in 
the two arrangements is different. Therefore, 
they are stereoisomers. They would have the 
same geometry if atoms or groups around 
C=C bond can be rotated but rotation around 
C=C bond is not free. It is restricted. For 
understanding this concept, take two pieces 
of strong cardboards and join them with the 
help of two nails. Hold one cardboard in your 
one hand and try to rotate the other. Can 
you really rotate the other cardboard ? The 
answer is no. The rotation is restricted. This 
illustrates that the restricted rotation of atoms 
or groups around the doubly bonded carbon 
atoms gives rise to different geometries of 
such compounds. The stereoisomers of this 
type are called geometrical isomers. The 
isomer of the type (a), in which two identical 
atoms or groups lie on the same side of the 
double bond is called cis isomer and the 
other isomer of the type (b), in which identical 
atoms or groups lie on the opposite sides of 
the double bond is called trans isomer . Thus 
cis and trans isomers have the same structure 
but have different configuration (arrangement 
of atoms or groups in space). Due to different 
arrangement of atoms or groups in space, 
these isomers differ in their properties like 
melting point, boiling point, dipole moment, 
solubility etc. Geometrical or cis-trans isomers 
of but-2-ene are represented below :

Cis form of alkene is found to be more 
polar than the trans form. For example, 
dipole moment of cis-but-2-ene is 0.33 Debye, 
whereas, dipole moment of the trans form 
is almost zero or it can be said that 
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trans-but-2-ene is non-polar. This can be 
understood by drawing geometries of the two 
forms as given below from which it is clear 
that in the trans-but-2-ene, the two methyl 
groups are in opposite directions, Threfore, 
dipole moments of C-CH3 bonds cancel, thus  
making the trans form non-polar. 

(ii) CH2 = CBr2

(iii) C6H5CH = CH – CH3

(iv) CH3CH = CCl CH3

Solution

(iii) and (iv). In structures (i) and (ii), two 
identical groups are attached to one of 
the doubly bonded carbon atom.

9.3.4 Preparation 

1. From alkynes: Alkynes on partial 
reduction with calculated amount of 
dihydrogen in the presence of palladised
charcoal partially deactivated with poisons 
like sulphur compounds or quinoline give 
alkenes. Partially deactivated palladised 
charcoal is known as Lindlar’s catalyst. 
Alkenes thus obtained are having cis
geometry. However, alkynes on reduction 
with sodium in liquid ammonia form trans
alkenes.

(9.30)

(9.31)

iii) CH≡�CH+H2
Pd/C  CH2 =CH2     (9.32)

Ethyne Ethene

iv) CH3–C≡�CH+H2
Pd/C  CH3–CH =CH2

Propyne Propene
(9.33)

Will  propene thus obtained show 
geometrical isomerism? Think for the 
reason in support of your answer.

2. From alkyl halides: Alkyl halides (R-X) on 
heating with alcoholic potash (potassium 
hydroxide dissolved in alcohol, say, 

In the case of solids, it is observed that the
trans isomer has higher melting point than 
the cis form. 

Geometrical or cis-trans isomerism 
is also shown by alkenes of the types 
XYC = CXZ  and XYC = CZW

Problem 9.10

Draw cis and trans isomers of the 
following compounds. Also write their 
IUPAC names :

(i) CHCl = CHCl

(ii) C2H5CCH3 = CCH3C2H5

Solution

Problem 9.11

Which of the following compounds will 
show cis-trans isomerism?

(i) (CH3)2C = CH – C2H5  

cis-But-2-ene
(P = 0.33D)

trans-But-2-ene
(P = 0)
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ethanol) eliminate one molecule of halogen 
acid to form alkenes. This reaction is 
known as dehydrohalogenation i.e., 
removal of halogen acid. This is example 
of E-elimination reaction, since hydrogen 
atom is eliminated from the E carbon atom 
(carbon atom next to the carbon to which 
halogen is attached). 

(9.34)

Nature of halogen atom and the alkyl group 
determine rate of the reaction. It is observed 
that for halogens, the rate is: iodine > 
bromine > chlorine, while for alkyl groups 
it is : tertiary > secondary > primary. 

3. From vicinal dihalides: Dihalides in
which two halogen atoms are attached 
to  two adjacent carbon atoms are known 
as vicinal dihalides. Vicinal dihalides on 
treatment with zinc metal lose a molecule 
of ZnX2 to form an alkene. This reaction 
is known  as dehalogenation.

CH2%r–CH2Br + Zn  CH2=CH2+ ZnBr2

(9.35)

CH3CH%r–CH2Br + Zn  CH3CH=CH2

  +ZnBr2

(9.36)

4. From alcohols by acidic dehydration:
You have read during nomenclature of 
different homologous series in Unit 12 
that alcohols are the hydroxy derivatives 
of alkanes. 7he\ are reSresented b\ 5–2H 
where, R is CnH2n+1. Alcohols on heating 
with concentrated sulphuric acid form 
alkenes with the elimination of one water 
molecule. Since a water molecule is 
eliminated from the alcohol molecule in 
the presence of an acid, this reaction is 
known as acidic dehydration of alcohols. 
This reaction is also the example of  
E�elimination reaction since –2H grouS 

takes out one hydrogen atom from the 
E-carbon atom.

(9.37)

9.3.5 Properties

Physical properties
Alkenes as a class resemble alkanes in 
physical properties, except in types of 
isomerism and difference in polar nature. 
The first three members are gases, the next 
fourteen are liquids and the higher ones are 
solids. Ethene is a colourless gas with a faint 
sweet smell. All other alkenes are colourless 
and odourless, insoluble in water but fairly 
soluble in non-polar solvents like benzene, 
petroleum ether. They show a regular increase 
in boiling point with increase in size i.e., every 
– CH2 group added increases boiling point by 
��–�� .. /ike alkanes� straight chain alkenes 
have higher boiling point than isomeric 
branched chain compounds.

Chemical properties
Alkenes are the rich source of loosely held 
pi (π) electrons, due to which they show 
addition reactions in which the electrophiles 
add on to the carbon-carbon double bond to 
form the addition products.  Some reagents 
also add by free radical mechanism. There 
are cases when under special conditions, 
alkenes also undergo free radical substitution 
reactions. 2[idation and o]onol\sis reactions 
are also quite prominent in alkenes. A brief 
description of different reactions of alkenes 
is given  below:

1. Addition of dihydrogen: Alkenes add 
up one molecule of dihydrogen gas in 
the presence of finely divided nickel, 
palladium or platinum to form alkanes 
(Section 9.2.2)

2. Addition of halogens : Halogens like 
bromine or chlorine add up to alkene to 
form vicinal dihalides. However, iodine 
does not show addition reaction under 
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normal conditions. The reddish orange 
colour of bromine solution in carbon 
tetrachloride is discharged when bromine 
adds up to an unsaturation site. This 
reaction is used as a test for unsaturation. 
Addition of halogens to alkenes is an 
example of electrophilic addition reaction 
involving cyclic halonium ion formation 
which you will study in higher classes.

(9.38)

(9.39)

3. Addition of hydrogen halides: Hydrogen 
halides (HCl, HBr,HI) add up to alkenes 
to form alkyl halides. The order of 
reactivity of the hydrogen halides is 
HI > HBr > HCl. Like addition of halogens 
to alkenes, addition of hydrogen halides is 
also an example of electrophilic addition 
reaction. Let us illustrate this by taking 
addition of HBr to symmetrical and 
unsymmetrical alkenes 

Addition reaction of HBr to symmetrical 
alkenes
Addition reactions of HBr to symmetrical 
alkenes (similar groups attached to double 
bond) take place by electrophilic addition 
mechanism. 

CH2=CH2�H–%r  CH3–CH2–%r (�.���

CH3–CH=CH–CH3+HBr  CH3–CH2–CHCH3

Br

(�.���

Addition reaction of HBr to unsymmetrical 
alkenes (Markovnikov Rule)
How will H – %r add to SroSene " 7he two 
possible products are I and II.

(�.���

Markovnikov, a Russian chemist made a 
generalisation in 1869 after studying such 
reactions in detail. These generalisations 
led Markovnikov to frame a rule called 
Markovnikov rule. The rule states that 
negative part of the addendum (adding 
molecule) gets attached to that carbon atom 
which possesses lesser number of hydrogen 
atoms. Thus according to this rule, product 
I i.e., 2-bromopropane is expected. In actual 
practice, this is the principal product of the 
reaction. This generalisation of Markovnikov 
rule can be better understood in terms of 
mechanism of the reaction.

Mechanism 
Hydrogen bromide provides an electrophile, 
H+, which attacks the double bond to form 
carbocation as shown below :

(i) The secondary carbocation (b) is more 
stable than the primary carbocation 
(a), therefore, the former predominates 
because it is formed at a faster rate.

(ii) The carbocation (b) is attacked by Br– ion 
to form the  product as follows :

2-Bromopropane 
(major product)

(a) less stable 
primary carbocation

(b) more stable
 secondary carbocation
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Anti Markovnikov addition or peroxide 
effect or Kharash effect
In the presence of peroxide, addition of HBr 
to unsymmetrical alkenes like propene takes 
place contrary to the Markovnikov rule. This 
happens only with HBr but not with HCl 
and Hl. This addition reaction was observed 
by M.S. Kharash and F.R. Mayo in 1933 
at the University of Chicago. This reaction
is known as peroxide or Kharash effect 
or addition reaction anti to Markovnikov 
rule.

CH3 – CH=CH2+HBr 
(C6H5CO)2O2  CH3–CH2

CH2Br
1–Bromopropane

(9.43)

Mechanism : Peroxide effect proceeds via 
free radical chain mechanism as given below:

(ii) C
.
   6H5�H–%r 

Homolysis
 C6H6+ B

.
   r

The secondary free radical obtained in the 
above mechanism (step iii) is more stable than 
the primary. This explains the formation of 
1-bromopropane as the major product. It may 
be noted that the peroxide effect is not observed 
in addition of HCl and HI. This may be due 
to the fact that the H–Cl bond being 
stronger (430.5 kJ mol–�� than H–%r bond 
(363.7 kJ mol–�), is not cleaved by the  free 
radical� whereas the H–, bond is weaker 
(296.8 kJ mol–�) and iodine free radicals 
combine to form iodine molecules instead of 
adding to the double bond. 

Problem 9.12

Write IUPAC names of the products 
obtained by addition reactions of HBr to 
hex-1-ene 

(i) in the absence of peroxide and
(ii) in the presence of peroxide.

Solution

4. Addition of sulphuric acid : Cold 
concentrated sulphuric acid adds to 
alkenes in accordance with Markovnikov 
rule to form alkyl hydrogen sulphate by 
the electrophilic addition reaction.

(i)
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(9.44)

(9.45)

5. Addition of water : In the presence of a 
few drops of concentrated sulphuric acid 
alkenes react with water to form alcohols, 
in accordance with the Markovnikov rule.

(9.46)

6. Oxidation: Alkenes on reaction with cold, 
dilute, aqueous solution of potassium 
permanganate (Baeyer’s reagent) produce 
vicinal glycols. Decolorisation of KMnO4
solution is used as a test for unsaturation.

(9.47)

(9.48)

b) Acidic potassium permanganate or acidic 
potassium dichromate oxidises alkenes to 

ketones and/or acids depending upon the 
nature of the alkene and the experimental 
conditions 

(9.49)

CH3 – CH=CH–CH3
KMnO4/H+

 2CH3COOH

But-2-ene Ethanoic acid
(9.50)

7. Ozonolysis : Ozonolysis of alkenes 
involves the addition of ozone molecule to 
alkene to form ozonide, and then cleavage 
of the ozonide by Zn-H2O to smaller 
molecules. This reaction is highly useful 
in detecting the position of the double 
bond in alkenes or other unsaturated 
compounds. 

(9.51)

(9.52)
8. Polymerisation: You are familiar with 

polythene bags and polythene sheets. 
Polythene is obtained by the combination 
of large number of ethene molecules at 
high temperature, high pressure and 
in the presence of a catalyst. The large 
molecules thus obtained are called 
polymers. This reaction is known as 
polymerisation. The simple compounds 
from which polymers are made are called 
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monomers. Other alkenes also undergo 
polymerisation.

n(CH2 =CH2) 
High temp./pressure

Catalyst  —(  CH2–CH2 )—

Polythene

(9.53)

n(CH3 –CH=CH2) 
High temp./pressure

Catalyst  ²(  CH–CH2 )—n

CH3

Polypropene

(9.54)
Polymers are used for the manufacture of plastic 
bags, squeeze bottles, refrigerator dishes, toys, 
pipes, radio and T.V. cabinets etc. Polypropene 
is used for the manufacture of milk crates, 
plastic buckets and other moulded articles. 
Though these materials have now become 
common, excessive use of polythene and 
polypropylene is a matter of great concern for 
all of us.

9.4 ALKYNES

Like alkenes, alkynes are also unsaturated 
hydrocarbons. They contain at least one triple 
bond between two carbon atoms. The number 
of hydrogen atoms is still less in alkynes as 
compared to alkenes or alkanes. Their general 
formula is CnH�n–�. 

The first stable member of alkyne series 
is ethyne which is popularly known as 
acetylene. Acetylene is used for arc welding 
purposes in the form of oxyacetylene flame 
obtained by mixing acetylene with oxygen 
gas. Alkynes are starting materials for a large 
number of organic compounds. Hence, it 
is interesting to study this class of organic 
compounds.

9.4.1 Nomenclature and Isomerism

In common system, alkynes are named as 
derivatives of acetylene. In IUPAC system, they 

are named as derivatives of the corresponding 
alkanes replacing ‘ane’ by the suffix ‘yne’. 
The position of the triple bond is indicated 
by the first triply bonded carbon. Common 
and IUPAC names of a few members of alkyne 
series are given in Table 9.2.

You have already learnt that ethyne and 
propyne have got only one structure but 
there are two Sossible structures for but\ne – 
(i) but-1-yne and (ii) but-2-yne. Since these 
two compounds differ in their structures 
due to the position of the triple bond, they 
are known as position isomers. In how 
many ways, you can construct the structure 
for the next homologue i.e., the next alkyne 
with molecular formula  C5H8? Let us try to 
arrange five carbon atoms with a continuous 
chain and with a side chain. Following are the 
possible structures :

 Structure IUPAC name

I. 
1 2 3 4 5

HC≡�C– CH2– CH2– CH3 3ent–��\ne

II.
1 2 3  4 5

H3C–C≡ C– CH2– CH3 3ent–��\ne

III.
 4 3 2  1

H3C–CH–C≡ CH
|
CH3

          ��0eth\l but–��\ne

Structures I and II are position isomers 
and structures I and III or II and III are chain 
isomers.

Problem 9.13

Write structures of different isomers 
corresponding to the 5th member of 
alkyne series. Also write IUPAC names of 
all the isomers. What type of isomerism 
is exhibited by different pairs of isomers?

Solution 

5th member of alkyne has the molecular 
formula C6H10. The possible isomers are:

Table 9.2 Common and IUPAC Names of Alkynes (CnH2n–2)

Value of n Formula Structure Common name IUPAC name

2 C2H2  H-C≡CH Acetylene Ethyne
3 C3H4  CH3-C≡CH Methylacetylene Propyne
4 C4H6  CH3CH2-C≡CH Ethylacetylene But-1-yne
4 C4H6  CH3-C≡C-CH3 Dimethylacetylene But-2-yne
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(a) HC ≡ C – CH2 – CH2 – CH2 – CH3
Hex-1-yne

(b) CH3 – C ≡�C – CH2 – CH2 – CH3
Hex-2-yne

(c) CH3 – CH2 – C�≡�C – CH2– CH3

Hex-3-yne

3-Methylpent-1-yne

4-Methylpent-1-yne

4-Methylpent-2-yne

    3,3-Dimethylbut-1-yne

Position and chain isomerism shown by 
different pairs.

9.4.2  Structure of Triple Bond

Ethyne is the simplest molecule of alkyne 
series. Structure of ethyne is shown in 
Fig. 9.6.

Each carbon atom of ethyne has two sp
hybridised orbitals. Carbon-carbon sigma (V) 
bond is obtained by the head-on overlapping 
of the two sp hybridised orbitals of the two 
carbon atoms. The remaining sp hybridised 
orbital of each carbon atom undergoes 
overlapping along the internuclear axis with 
the 1s orbital of each of the two hydrogen 
atoms forming two C-H sigma bonds. 
H-C-C bond angle is of 180°. Each carbon 
has two unhybridised p orbitals which are 
perpendicular to each other as well as to the 
plane of the C-C sigma bond. The 2p orbitals 
of one carbon atom are parallel to the 2p

orbitals of the other carbon atom, which 
undergo lateral or sideways overlapping to 
form two pi (π) bonds between two carbon 
atoms. Thus ethyne molecule consists of one 
C–C V bond�  two C–H V bonds and two C–C 
π bonds. The strength of C≡C bond (bond 
enthalpy 823 kJ mol-1) is more than those 
of C=C bond (bond enthalpy 681 kJ mol–�) 
and C–C bond (bond enthalS\ ��� k- mol–�). 
The C≡C bond length is shorter (120 pm) 
than those of C=C (��� Sm� and C–C (��� 
pm). Electron cloud between two carbon 
atoms is cylindrically symmetrical about the 
internuclear axis. Thus, ethyne is a linear 
molecule.

9.4.3 Preparation

1. From calcium carbide: On industrial 
scale, ethyne is prepared by treating 
calcium carbide with water. Calcium 
carbide is prepared by heating quick lime 
with coke. Quick lime can be obtained by 
heating limestone as shown in the following 
reactions:
CaCO3

'  CaO + O2 (9.55)

Fig. 9.6 Orbital picture of ethyne showing 
(a) sigma overlaps (b) pi overlaps.
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CaO + 3C   CaC2 + CO (9.56)

Calcium 
carbide

CaC2 + 2H2O   Ca(OH)2 + C2H2 (9.57)

2. From vicinal dihalides : Vicinal dihalides 
on treatment with alcoholic potassium 
hydroxide undergo dehydrohalogenation. 
One molecule of hydrogen halide is 
eliminated to form alkenyl halide which 
on treatment with sodamide gives alkyne.

9.4.4 Properties

Physical properties
Physical properties of alkynes follow the same 
trend of alkenes and alkanes. First three 
members are gases, the next eight are liquids 
and the higher ones are solids. All alkynes 
are colourless. Ethyene has characteristic 
odour. Other members are odourless. Alkynes 
are weakly polar in nature. They are lighter 
than water and immiscible with water but 
soluble in organic solvents like ethers, carbon 
tetrachloride and benzene. Their  melting 
point, boiling point and density increase with 
increase in molar mass.

Chemical properties
Alkynes show acidic nature, addition reactions 
and polymerisation reactions as follows :

A. Acidic character of alkyne: Sodium 
metal and sodamide (NaNH2) are strong 
bases. They react with ethyne to form sodium 
acetylide with the liberation of dihydrogen 
gas. These reactions have not been observed 
in case of ethene and ethane thus indicating 
that ethyne is acidic in nature in comparison 
to ethene and ethane. Why is it so ? Has 
it something to do with their structures 
and the hybridisation ? You have read that 
hydrogen atoms in ethyne are attached to 

the sp hybridised carbon atoms whereas 
they are attached to sp2 hybridised carbon 
atoms in ethene and sp3 hybridised carbons 
in ethane. Due to the maximum percentage of 
s character (50%), the sp hybridised orbitals 
of carbon atoms in ethyne molecules have  
highest electronegativity; hence, these attract 
the shared electron pair of the C-H bond of 
ethyne to a greater extent than that of the 
sp2 hybridised orbitals of carbon in ethene 
and the sp3 hybridised orbital of carbon in 
ethane. Thus in ethyne, hydrogen atoms 
can be liberated as protons more easily as 
compared to ethene and ethane. Hence, 
hydrogen atoms of ethyne attached to triply 
bonded carbon atom are acidic in nature. You 
may note that the hydrogen atoms attached 
to the triply bonded carbons are acidic but 
not all the hydrogen atoms of alkynes. 

HC ≡ CH + Na o HC ≡ C–Na++ ����H2

Monosodium

ethynide

(9.59)

HC ≡ C– Na + Na o Na+ C– ≡�C–Na++ ����H2

Disodium ethynide

(9.60)

CH3 – C ≡ C – H   �   1a+ NH–
2

�
CH3 – C ≡ C– Na+  +   NH3

Sodium propynide (9.61)

These reactions are not shown by alkenes 
and alkanes, hence used for distinction 
between alkynes, alkenes and alkanes. What 
about the above reactions with but-1-yne and 
but-2-yne ? Alkanes, alkenes and alkynes 
follow the following trend in their acidic 
behaviour :

i) CH ≡�CH > H2C –CH2 > CH3 –CH3

ii) HC ≡�CH > CH3 –C≡ CH >> CH3 –C≡C–CH3 

B. Addition reactions: Alkynes contain a 
triple bond, so they add up, two molecules of 
dihydrogen, halogen, hydrogen halides etc. 
Formation of the addition product takes place 
according to the following steps. 
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317HYDROCARBONS

The addition product formed depends 
upon stability of vinylic cation. Addition in 
unsymmetrical alkynes takes place according 
to Markovnikov rule. Majority of the reactions 
of alkynes are the examples of electrophilic 
addition reactions. A few addition reactions 
are given below:
(i) Addition of dihydrogen

HC≡CH+H2
Pt/Pd/Ni  [H2C=CH2]

H2  CH3–CH3

(9.62)

CH3–C≡CH + H2
Pt/Pd/Ni  [CH3–CH=CH2]

Propyne Propene
� �H2

CH3–CH2–CH3

Propane
(9.63)

(ii) Addition of halogens

(9.64)
Reddish orange colour of the solution 

of bromine in carbon tetrachloride is 
decolourised. This is used as a test for 
unsaturation.
(iii) Addition of hydrogen halides
Two molecules of hydrogen halides (HCl, HBr, 
HI) add to alkynes to form gem dihalides (in 
which two halogens are attached to the same 
carbon atom)

H–C≡C–H�H–%r [CH2 = CH–%r@āHBr  CHBr2
Bromoethene

CH3

1,1-Dibromoethane
(9.65)

(9.66)

(iv)  Addition of water

Like alkanes and alkenes, alkynes are also 
immiscible and do not react with water. 
However, one molecule of water adds to 
alkynes on warming with mercuric sulphate 
and dilute sulphuric acid at 333 K to form 
carbonyl compounds.

(9.67)

(9.68)

(v) Polymerisation

(a) Linear polymerisation: Under suitable 
conditions, linear polymerisation of ethyne 
takes place to produce polyacetylene or 
polyethyne which is a high molecular 
weight polyene containing repeating units of 
(CH = CH – CH =  CH � and can be reSresented 
as ²(CH = CH – CH = CH�n— Under special 
conditions, this polymer conducts electricity. 
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Thin film of polyacetylene can be used as 
electrodes in batteries. These films are good 
conductors, lighter and cheaper than the 
metal conductors.

(b) Cyclic polymerisation: Ethyne on
passing through red hot iron tube at 873K 
undergoes cyclic polymerization. Three 
molecules polymerise to form benzene, which 
is the starting molecule for the preparation of 
derivatives of benzene, dyes, drugs and large 
number of other organic compounds. This is 
the best route for entering from aliphatic to 
aromatic compounds as discussed below:

                                   
(9.69)

Problem 9.14

How will you convert ethanoic acid into 
benzene?

Solution

9.5 AROMATIC HYDROCARBON

These hydrocarbons are also known as 
‘arenes’. Since most of them possess pleasant 
odour (Greek; aroma meaning pleasant 
smelling), the class of compounds was 
named as ‘aromatic compounds’. Most of such 
compounds were found to contain benzene 
ring. Benzene ring is highly unsaturated 

but in a majority of reactions of aromatic 
compounds, the unsaturation of benzene ring 
is retained. However, there are examples of 
aromatic hydrocarbons which do not contain a 
benzene ring but instead contain other highly 
unsaturated ring.  Aromatic compounds 
containing benzene ring are known as 
benzenoids and those not containing a 
benzene ring are known as non-benzenoids. 
Some examples of  arenes are given 
below:

    Benzene         Toluene Naphthalene

Biphenyl

9.5.1 Nomenclature and Isomerism

The nomenclature and isomerism of aromatic 
hydrocarbons has already been discussed in 
Unit 8. All six hydrogen atoms in benzene 
are equivalent; so it forms one and only one 
type of monosubstituted product. When two 
hydrogen atoms in benzene are replaced by 
two similar or different monovalent atoms or 
groups, three different position isomers are 
possible. The 1, 2 or 1, 6 is known as the ortho
(o–�� the �� � or �� � as meta (m–� and the �� 
4 as para (p–� disubstituted comSounds. A 
few examples of derivatives of benzene are 
given below:

Methylbenzene 1,2-Dimethylbenzene

(Toluene)  (o-Xylene)
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1,3 Dimethylbenzene 1,4-Dimethylbenzene
(m-Xylene)             ( p-Xylene)

9.5.2 Structure of Benzene

Benzene was isolated by Michael Faraday 
in 1825. The molecular formula of benzene, 
C6H6, indicates a high degree of unsaturation. 
This molecular formula did not account for 
its relationship to corresponding alkanes, 
alkenes and alkynes which you have studied 
in earlier sections of this unit. What do you 
think about its possible structure? Due to 
its unique properties and unusual stability, 
it took several years to assign its structure. 
Benzene was found to be a stable molecule 
and found to form a triozonide which indicates 
the presence of three double bonds. Benzene 

was further found to produce one and only one 
monosubstituted derivative which indicated 
that all the six carbon and six hydrogen atoms 
of benzene are identical. On the basis of this 
observation August Kekulé in 1865 proposed 
the following structure for benzene having 
cyclic arrangement of six carbon atoms with 
alternate single and double bonds and one 
hydrogen atom attached to each carbon atom.

The  Kekulé  s t ruc ture  ind ica tes 
t h e  p o s s i b i l i t y  o f  t w o  i s o m e r i c 
1, 2-dibromobenzenes. In one of the isomers, 
the bromine atoms are attached to the 
doubly bonded carbon atoms whereas in the 
other, they are attached to the singly bonded 
carbons.

Friedrich August Kekulé,a German chemist was born in 1829 at Darmsdt in 

Germany. He became Professor in 1856 and Fellow of Royal Society in 1875. He 

made major contribution to structural organic chemistry by proposing in 1858 that 

carbon atoms can join to one another to form chains and later in 1865,he found 

an answer to the challenging problem of benzene structure by suggesting that 

these chains can close to form rings. He gave the dynamic structural  formula to 

benzene which forms the basis for its modern electronic structure. He described 

the discovery of benzene structure later as:

“I was sitting writing at my textbook,but the work did not progress; my thoughts 

were elsewhere. I turned my chair to the fire, and dozed. Again the atoms were 

gambolling before my eyes. This time the smaller groups kept modestly in the 

background. My mental eye, rendered more acute by repeated visions of this 

kind, could now distinguish larger structures of manifold  conformations; long 

rows,sometimes more closely fitted together; all twisting and turning in snake like motion. But look! What 

was that? One of the snakes had seized hold of it’s own tail, and the form whirled mockingly before my 

eyes. As if by a flash of lightning I woke;.... I spent the rest of the night working out the consequences of 

the hypothesis. Let us learn to dream, gentlemen, and then perhaps we shall learn the truth but let us 

beware of making our dreams public before they have been approved by the waking mind.”( 1890).

One hundred years later, on the occasion of Kekulé’s centenary celebrations a group of compounds 

having polybenzenoid structures have been named as Kekulenes.

FRIEDRICH 

AUGUST KEKULÉ

(7th September 

1829–13th July 

1896)
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However, benzene was found to form only 
one ortho disubstituted product. This problem 
was overcome by Kekulé by suggesting the 
concept of oscillating nature of double bonds 
in benzene as given below.

Even with this modification, Kekulé
structure of benzene  fails to explain unusual 
stability and preference to substitution  
reactions than addition reactions, which 
could later on be explained by resonance.

Resonance and stability of benzene
According to Valence Bond Theory, the 
concept of oscillating double bonds in benzene 
is now explained by resonance. Benzene is a 
hybrid of various resonating structures. The 
two structures, A and B given by Kekulé  are 
the main contributing structures. The hybrid 
structure is represented by inserting a circle 
or a dotted circle in the hexagon as shown 
in (C). The circle represents the six electrons 
which are delocalised between the six carbon 
atoms of the benzene ring.

   (A)    (B)                               (C)

The orbital overlapping gives us better
picture about the structure of benzene. All 
the six carbon atoms in benzene are sp2

hybridized. Two sp2 hybrid orbitals of each 
carbon atom overlap with sp2 hybrid orbitals 
of adjacent carbon atoms to form six C—C 
sigma bonds which are in the hexagonal 
plane. The remaining sp2 hybrid orbital of 
each carbon atom overlaps with s orbital 
of a hydrogen atom to form six C—H sigma 
bonds. Each carbon atom is now left with one 

unhybridised p orbital perpendicular to the 
plane of the ring as shown below:

The unhybridised p orbital of carbon atoms
are close enough to form a π bond by lateral 
overlap. There are two equal possibilities of 
forming three π bonds by overlap of p orbitals 
of C1 –C2, C3  – C4, C5  – C6 or C2  – C3, C4  – C5, 
C6  – C1 respectively as shown in the following 
figures.

Fig. 9.7 (a)

Fig. 9.7 (b)

Structures shown in Fig. 9.7(a) and (b)
correspond to two Kekulé’s structure with 
localised π bonds. The internuclear distance 
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between all the carbon atoms in the ring has 
been determined by the X-ray diffraction to 
be the same; there is equal probability for the
p orbital of each carbon atom to overlap with 
the p orbitals of adjacent carbon atoms [Fig. 
9.7 (c)]. This can be represented in the form 
of two doughtnuts (rings) of electron clouds 
[Fig. 9.7 (d)], one above and one below the 
plane of the hexagonal ring as shown below:

Fig. 9.7 (c)                    Fig. 9.7 (d)

The six π electrons are thus delocalised 
and can move freely about the six carbon 
nuclei, instead of any two as shown in 
Fig. 9.6 (a) or (b). The delocalised π electron cloud 
is attracted more strongly by the nuclei of the 
carbon atoms than the electron cloud localised 
between two carbon atoms. Therefore, presence 
of delocalised π electrons in benzene makes
it more stable than the hypothetical 
cyclohexatriene.

X-Ray diffraction data reveals that benzene 
is a planar molecule. Had any one of the above 
structures of benzene (A or B) been correct, 
two types of C—C bond lengths were expected. 
However, X-ray data indicates that all the 
six C—C bond lengths are of the same order 
(139 pm) which is  intermediate between 
C— C single bond (154 pm) and C—C double 
bond (133 pm). Thus the absence of pure 
double bond in benzene accounts for the 
reluctance of benzene to show addition 
reactions under normal conditions, thus 
explaining the unusual behaviour of benzene.

9.5.3 Aromaticity

Benzene was considered as parent ‘aromatic’ 
compound. Now, the name is applied to all the 
ring systems whether or not having benzene 
ring, possessing following characteristics.

(i) Planarity

(ii) Complete delocalisation of the π electrons 
in the ring

(iii) Presence of (4n + 2) π electrons in the ring 
where n is an integer (n = 0, 1, 2, . . .). 

This is often referred to as Hückel Rule.

Some examples of aromatic compounds are 
given below:

          

9.5.4 Preparation of Benzene

Benzene is commercially isolated from coal 
tar. However, it may be prepared in the 
laboratory by the following methods.

(i) Cyclic polymerisation of ethyne:
(Section 9.4.4)

(ii) Decarboxylation of aromatic acids:
Sodium salt of benzoic acid on heating 
with sodalime gives benzene.

(9.70)

(electron cloud)
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(iii) Reduction of phenol: Phenol is reduced 
to benzene by passing its vapours over 
heated zinc dust 

(9.71)

9.5.5 Properties

Physical properties 
Aromatic hydrocarbons are non- polar  
molecules and are usually colourless liquids 
or solids with a characteristic aroma. You are 
also familiar with naphthalene balls which are 
used in toilets and for preservation of clothes 
because of unique smell of the compound 
and the moth repellent property. Aromatic 
hydrocarbons are immiscible with water but 
are readily miscible with organic solvents. 
They burn with sooty flame.

Chemical properties 
Arenes are characterised by electrophilic 
substitution reactions. However, under 
special conditions they can also undergo 
addition and oxidation reactions.

Electrophilic substitution reactions
The common electrophilic substitution 
reactions of arenes are nitration, halogenation, 
sulphonation, Friedel Craft’s alkylation and 
acylation reactions in which attacking reagent 
is an electrophile (E+)

(i) Nitration: A nitro group is introduced 
into benzene ring when benzene is heated 
with a mixture of concentrated nitric acid 
and concentrated sulphuric acid (nitrating 
mixture).

(9.72)

               Nitrobenzene

(ii) Halogenation: Arenes react with halogens 
in the presence of a Lewis acid like anhydrous 
FeCl3, FeBr3 or AlCl3 to yield haloarenes.

Chlorobenzene

(9.73)

(iii) Sulphonation: The replacement of a 
hydrogen atom by a sulphonic acid group in 
a ring is called sulphonation. It is carried out 
by heating benzene with fuming sulphuric 
acid (oleum).

(9.74)

(iv) Friedel-Crafts alkylation reaction:
When benzene is treated with an alkyl halide 
in the presence of anhydrous aluminium 
chloride, alkylbenene is formed.

(9.75)

(9.76)

Why do we get isopropyl benzene on
treating benzene with 1-chloropropane 
instead of n-propyl benzene?

(v) Friedel-Crafts acylation reaction: The 
reaction of benzene with an acyl halide or 
acid anhydride in the presence of Lewis acids 
(AlCl3) yields acyl benzene.
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323HYDROCARBONS

(9.77)

(9.78)

If excess of electrophilic reagent is used, 
further substitution reaction may take place 
in which other hydrogen atoms of benzene 
ring may also be successively replaced 
by the electrophile. For example, benzene 
on treatment with excess of chlorine in 
the presence of anhydrous AlCl3 can be 
chlorinated to hexachlorobenzene (C6Cl6)

  (9.79)

Mechanism of electrophilic substitution
reactions:
According to experimental evidences, SE (S = 
substitution; E = electrophilic) reactions are 
supposed to proceed via the following three 
steps:

(a) Generation of the eletrophile 

(b) Formation of carbocation intermediate

(c) Removal of proton from the carbocation 
intermediate

(a) Generation of electrophile E¨: During 
chlorination, alkylation and acylation of 
benzene, anhydrous AlCl3, being a Lewis acid 
helps in generation of the elctrophile Cl¨, R¨, 
RC¨O (acylium ion) respectively by combining 
with the attacking reagent.

  In the case of nitration, the electrophile,

nitronium ion,  is produced by transfer of 

a proton (from sulphuric acid) to nitric acid 
in the following manner:

Step I

Step II

Protonated Nitronium
nitric acid ion

It is interesting to note that in the process 
of generation of nitronium ion, sulphuric acid 
serves as an acid and nitric acid as a base. 
Thus, it is a simple acid-base equilibrium.

(b) F o r m a t i o n  o f  C a r b o c a t i o n
(arenium ion): Attack of electrophile 

results in the formation of V-complex or 
arenium ion in which one of the carbon is sp3

hybridised.

   sigma complex (arenium ion)

The arenium ion  gets stabilised by
resonance:
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Sigma complex or arenium ion loses its 
aromatic character because delocalisation of 
electrons stops at sp3 hybridised carbon.

(c) Removal of proton: To restore the 
aromatic character, V -complex releases 
proton from sp3 hybridised carbon on attack 
by [AlCl4]

– (in case of halogenation, alkylation 
and acylation) and [HSO4]

– (in case of 
nitration).

Addition reactions
Under  vigorous conditions, i.e., at high 
temperature and/ or pressure in the presence 
of nickel catalyst, hydrogenation of benzene 
gives cyclohexane.

  
Cyclohexane

(9.80)

Under ultra-violet light, three chlorine 
molecules add to benzene to produce benzene 
hexachloride, C6H6Cl6 which is also called 
gammaxane.

Benzene hexachloride, 

     (BHC)

(9.81)
Combustion: When heated in air, benzene 
burns with sooty flame producing CO2 and 
H2O

6 2 2 26

15
C H O

2
6CO +3H O+ →

(9.82)

General combustion reaction for any 
hydrocarbon may be given by the following 

chemical equation:

CxHy + (x + ) O2 � x CO2 +  H2O  n (9.83)

9.5.6 Directive influence of a functional 
group in monosubstituted benzene

When monosubstituted benzene is subjected 
to further substitution, three possible 
disubstituted products are not formed in 
equal amounts. Two types of behaviour are 
observed. Either ortho and para products or 
meta product is predominantly formed. It 
has also been observed that this behaviour 
depends on the nature of the substituent 
already present in the benzene ring and not 
on the nature of the entering group. This is 
known as directive influence of substituents. 
Reasons for ortho/para or meta directive 
nature of groups are discussed below:

Ortho and para directing groups: The 
groups which direct the incoming group to 
ortho and para positions are called ortho and 
para directing groups. As an example, let us 
discuss the directive influence of phenolic 
(–2H� grouS. 3henol is resonance h\brid of 
following structures:

It is clear from the above resonating 
structures that the electron density is more on
o – and p – Sositions. Hence� the substitution 
takes place mainly at these positions. However, 
it ma\ be noted that –, effect of – 2H grouS also 
operates due to which the electron density on 
ortho and para positions of the benzene ring 
is slightly reduced. But the overall electron 
density increases at  these positions of the 
ring due to resonance. 7herefore� –2H grouS 
activates the benzene ring for the attack by
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325HYDROCARBONS

an electrophile. Other examples of activating 
grouSs are –1H2� –1H5� –1HC2CH3� –2CH3,  
–CH3� –C2H5, etc.

In the case of aryl halides, halogens are 
moderately deactivating. Because of their 
strong – , effect� oYerall electron densit\ on 
benzene ring decreases. It makes further 
substitution difficult. However, due to 
resonance the electron density on o– and 
p– Sositions is greater than that at the 
m-position. Hence, they are also o– and p–
directing groups. Resonance structures of 
chlorobenzene are given below:

In this case, the overall electron density 
on benzene ring decreases making further 
substitution difficult, therefore these groups 
are also called ‘deactivating groups’. The 
electron density on o – and p – Sosition 
is comparatively less than that at meta
position. Hence, the electrophile attacks on 
comparatively electron rich meta position 
resulting in meta substitution.

9.6 CARCINOGENICITY AND TOXICITY

Benzene and polynuclear hydrocarbons 
containing more than two benzene rings 
fused together are toxic and said to 
possess cancer producing (carcinogenic) 
property. Such polynuclear hydrocarbons 
are formed on incomplete combustion of 
organic materials like tobacco, coal and 
petroleum. They enter into human body 
and undergo various biochemical reactions 
and finally damage DNA and cause cancer. 
Some of the carcinogenic hydrocarbons are 
given below (see box).

Meta directing group: The groups which 
direct the incoming group to meta position are 
called meta directing groups. Some examples 
of meta directing grouSs are –122� –C1� –CH2� 
–C25� –C22H� –C225� –623H, etc. 

Let us take the example of nitro group. 
Nitro group reduces the electron density in 
the ben]ene ring due to its strong–, effect. 
Nitrobenzene is a resonance hybrid of the 
following structures.
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SUMMARY

Hydrocarbons are the compounds of carbon and hydrogen only. Hydrocarbons are mainly 
obtained from coal and petroleum, which are the major sources of energy. Petrochemicals
are the prominent starting materials used for the manufacture of a large number of 
commercially important products. LPG (liquefied petroleum gas) and  CNG (compressed 
natural gas), the main sources of energy for domestic fuels and the automobile industry, are 
obtained from petroleum. Hydrocarbons are classified as open chain saturated (alkanes) 
and unsaturated (alkenes and alkynes), cyclic (alicyclic) and aromatic, according to their 
structure. 

The important reactions of alkanes are free radical substitution, combustion, oxidation
and aromatization. Alkenes and alkynes undergo addition reactions, which are mainly 
electrophilic additions. Aromatic hydrocarbons, despite having unsaturation, undergo 
mainly electrophilic substitution reactions. These undergo addition reactions only under 
special conditions. 

Alkanes show conformational isomerism due to free rotation along the C–C sigma 
bonds. Out of staggered and the eclipsed conformations of ethane, staggered conformation 
is more stable as hydrogen atoms are farthest apart. Alkenes exhibit geometrical 
(cis-trans) isomerism due to restricted rotation around the carbon–carbon double bond. 

Benzene and benzenoid compounds show aromatic character. Aromaticity, the 
property of being aromatic is possessed by compounds having specific electronic structure 
characterised by Hückel (4n+2)π electron rule. The nature of groups or substituents attached 
to benzene ring is responsible for activation or deactivation of the benzene ring towards 
further electrophilic substitution and also for orientation of the incoming group. Some of 
the polynuclear hydrocarbons having fused benzene ring system have carcinogenic property. 

EXERCISES

9.1 How do you account for the formation of ethane during chlorination of methane ?
9.2 Write IUPAC names of the following compounds : 

(a) CH3CH=C(CH3)2  (b) CH2=CH-C≡C-CH3

(c)    (d)
–CH2–CH2–CH=CH2

(e)    

(f) CH3(CH2)4 CH (CH2)3 CH3

CH2 –CH (CH3)2

(g) CH3 – CH = CH – CH2 – CH = CH – CH – CH2 – CH = CH2
  |
  C2H5

9.3 For the following compounds, write structural formulas and IUPAC names for all 
possible isomers having the number of double or triple bond as indicated : 
(a) C4H8 (one double bond)   (b)   C5H8 (one triple bond)

9.4 Write IUPAC names of the products obtained by the ozonolysis of the following 
compounds :
(i) Pent-2-ene    (ii)  3,4-Dimethylhept-3-ene
(iii)  2-Ethylbut-1-ene    (iv)  1-Phenylbut-1-ene
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9.5 An alkene ‘A’ on ozonolysis gives a mixture of ethanal and pentan-3-one. 
Write structure and IUPAC name of ‘A’.

�.� An alkene µA¶ contains three C – C� eight C – H V bonds and one C – C π
bond. ‘A’ on ozonolysis gives two moles of an aldehyde of molar mass 44 
u. Write IUPAC name of ‘A’.

9.7 Propanal and pentan-3-one are the ozonolysis products of an alkene? What 
is the structural formula of the alkene?

9.8 Write chemical equations for combustion reaction of the following 
hydrocarbons: 
(i) Butane    (ii)  Pentene
(iii) Hexyne   (iv)  Toluene

9.9 Draw the cis and trans structures of hex-2-ene. Which isomer will have 
higher b.p. and why?

9.10 Why is benzene extra ordinarily stable though it contains three double 
bonds?

9.11 What are the necessary conditions for any system to be aromatic?
9.12 Explain why the following systems are not aromatic?

(i) (ii) (iii)
9.13 How will you convert benzene into

(i) p-nitrobromobenzene  (ii)  m- nitrochlorobenzene
(iii) p - nitrotoluene  (iv)  acetophenone?

9.14 In the alkane H3C – CH2 – C(CH3)2 – CH2 – CH(CH3)2� identif\ �Ĉ��Ĉ��Ĉ carbon 
atoms and give the number of H atoms bonded to each one of these.

9.15 What effect does branching of an alkane chain has on its boiling point?
9.16 Addition of HBr to propene yields 2-bromopropane, while in the presence 

of benzoyl peroxide, the same reaction yields 1-bromopropane. Explain 
and give mechanism.

9.17 Write down the products of ozonolysis of 1,2-dimethylbenzene (o-xylene). 
How does the result support Kekulé structure for benzene?

9.18 Arrange benzene, n-hexane and ethyne in decreasing order of acidic 
behaviour. Also give reason for this behaviour.

9.19 Why does benzene undergo electrophilic substitution reactions easily and 
nucleophilic substitutions with difficulty?

9.20 How would you convert the following compounds into benzene?
(i) Ethyne  (ii)  Ethene  (iii)  Hexane

9.21 Write structures of all the alkenes which on hydrogenation give 
2-methylbutane.

9.22 Arrange the following set of compounds in order of their decreasing relative 
reactivity with an electrophile, E+

(a) Chlorobenzene, 2,4-dinitrochlorobenzene, p-nitrochlorobenzene
(b) Toluene, p-H3C – C6H4 – 122, p-O2N – C6H4 – 122.

9.23 Out of benzene, m–dinitroben]ene and toluene which will undergo nitration 
most easily and why?

9.24 Suggest the name of a Lewis acid other than anhydrous aluminium chloride 
which can be used during ethylation of benzene.

9.25 Why is Wurtz reaction not preferred for the preparation of alkanes 
containing odd number of carbon atoms? Illustrate your answer by taking 
one example. 
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Unit 7

7.25	 15 g

Unit 8

8.32	 Mass of carbon dioxide formed = 0.505 g

Mass of water formed = 0.0864 g

8.33	 % fo nitrogen = 56

8.34	 % of chlorine = 37.57

8.35	 % of sulphur = 19.66

Unit 9

9.1	 Due to the side reaction in termination step by the combination of two C
.

   H3 free
radicals.

9.2	 (a) 2-Methyl-but-2-ene (b) Pent-1-ene-3-yne
(c) Buta-1, 3-diene (d) 4-Phenylbut-1-ene
(e) 2-Methylphenol (f) 5-(2-Methylpropyl)-decane
(g) 4-Ethyldeca –1,5,8- triene

9.3	 (a) (i)	 CH2 = CH – CH2 – CH3 But-1-ene
(ii) CH3 – CH2 = CH – CH3 But-2-ene
(iii) CH2 = C – CH3 2-Methylpropene

          |
          CH3

(b) (i)	 HC ≡ C – CH2 – CH2 – CH3	 Pent-1-yne
(ii) CH3 – C ≡ C – CH2 – CH3	 Pent-2-yne
(iii) CH3 – CH – C ≡ CH 3-Methylbut-1-yne

|
 CH3

9.4	 (i) Ethanal and propanal (ii) Butan-2-one and pentan-2-one
(iii) Methanal and pentan-3-one (iv) Propanal and benzaldehyde

9.5	 3-Ethylpent-2-ene

9.6	 But-2-ene

9.7	 4-Ethylhex-3-ene

CH3 – CH2– C = CH – CH2–CH3

|
CH2–CH3

Answer to Some Selected Problems

Answers.indd   328 10/27/2022   2:32:20 PM

Reprint 2026-27



329answers

9.8	 (a)	 C4H10(g)+13/202(g)  ∆   4CO2(g) + 5H2O(g)

	 (b)	 C5H10(g)+15/202(g)  ∆   5CO2(g) + 5H2O(g)

	 (c)	 C5H10(g) + 17/2 O2(g)  ∆   6CO2(g) + 5H2O(g)

	 (d)	 C7H8(g) + 902(g)  ∆   7CO2(g) + 4H2O(g)

	 cis-Hex-2-ene			   trans-Hex-2-ene

	 The cis form will have higher boiling point due to more polar nature leading 
to stronger intermolecular dipole–dipole interaction, thus requiring more 
heat energy to separate them.

9.10	 Due to resonance

9.11	 Planar, conjugated ring system with delocalisation of (4n+2) π electrons, 
where, n is an integer

9.12	 Lack of delocalisation of  (4n +2) π electrons in the cyclic system.

9.13	 (i)

	

	

	 (ii)	
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	 (iii)

	

	

	 (iv)     

9.14	

	

	 15 H attached to 1° carbons

	   4 H attached to 2° carbons

	   1 H attached to 3° carbons

9.15	 More the branching in alkane, lower will be the boiling point.

9.16	 Refer to addition reaction of HBr to unsymmetrical alkenes in the text.

	 All the three products cannot be obtained by any one of the Kekulé’s 
structures. This shows that benzene is a resonance hybrid of the two 
resonating structures.

9.18	 H – C ≡ C – H > C6H6 > C6H14. Due to maximum s orbital character 
in enthyne (50 per cent) as compared to 33 per cent in benzene and  
25 per cent in n-hexane.

9.19	 Due to the presence of 6 π electrons, benzene behaves as a rich source of 
electrons thus being easily attacked by reagents deficient in electrons.
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9.20 	 (i)	

	 (ii)	C2H4 
Br2  CH2–CH2 

alc, KOH  CH2=CHNr NaNH2

	 	
	 Br	 BR

						       K

	 (iii)  
		      CH3

		  |
9.21	 CH2 = C – CH2 – CH3 		    2-Methylbut-1-ene

		    CH3

	          |
	 CH3 – C = CH – CH3 			   2-Methylbut-2-ene

		    CH3

	          |
	 CH3 – CH –CH = CH2 		    3-Methylbut-1-ene

9.22	 (a)	 Chlorobenzene>p-nitrochlorobenzene> 2,4 – dinitrochlorobenzene
	 (b)	 Toluene > p-CH3-C6H4-NO2 > p-O2N–C6H4–NO2

9.23	 Toleune undergoes nitration most easily due to electron releasing 
nature of the methyl group.

9.24	 FeCl3
9.25	 Due to the formation of side products. For example, by starting with  

1-bromopropane and 1-bromobutane, hexane and octane are the side 
products besides heptane.
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