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STEREOCHEMISTRY AND REACTIVE INTERMEDIATES 
MCH-012 

The ‘Stereochemistry and Reactive Intermediates’ is Course II of the Semester I of M.Sc. 
Chemistry programme which deals with the stereochemistry and reactive intermediates in the 
context of organic compounds. It is a four credits course comprising of four Blocks with a 
total of 16 units. We understand that you have a prior knowledge of stereochemistry and the 
reactive intermediates being part of the undergraduate organic chemistry courses. You would 
have realised that there are a number of physical and spectral properties of molecules that 
cannot be explained simply on the basis of their two dimensional structure. It is in such cases 
that the three dimensional structures or the stereochemistry of molecules become essential. 
Besides these properties, the stereochemical aspects play important role in deciphering the 
exact mechanism or the path of a chemical reaction.  

As mentioned above, with the background knowledge of reactive intermediates it is well 
known to you that most of the organic reactions undergo completion via the formation of such 
reactive species. The concepts of stereochemistry and reactive intermediates go hand in 
hand as these mutually augment the information of the course of an organic reaction. 

In this course we take you to the advanced levels of stereochemistry and the reactive 
intermediates.  This course aims to provide the learners a recall of the concepts learnt 
earlier, introduce some new concepts and connect the two through a smooth transition. 

The whole course is divided into two volumes viz., Volume 1 and Volume 2. Volume 1 has 
been named “Stereochemistry of Organic Compounds” which comprises of two blocks. 
Block 1, titled “Stereochemistry-I” consists of four units. This block is dedicated to the 
stereochemical aspects like the molecular symmetry, stereoisomerism of molecules with and 
without chiral centres and conformations of six membered rings. The second block i.e., 
Block 2, titled “Stereochemistry-II” is again dedicated to the stereochemical aspects. It 
starts with some basic concepts like configuration and assigning the configuration to the 
newer concepts like topicity and prostereoisomerism, asymmetric induction, molecular 
dissymmetry and chiroptical properties.  

Volume 2 is named “Reactive Intermediates in Organic Chemistry” and consists again of 
two blocks in continuation to the previous two blocks. Block 3, titled “Reactive 
Intermediates-I” consists of four units. The block starts with the basics of the reaction 
mechanism and covers carbocations as intermediates in two units. The last unit in this block 
deals with carbanions as the reactive intermediates. Block 4 is titled as “Reactive 
Intermediates-II” covers four more types of intermediates. These are free radicals, 
carbenes, nitrenes and benzynes. You will study a good account of mechanistic details and 
the stereochemical aspects wherever required for the clear understanding of the reactive 
intermediates. 

Expected Learning Outcomes 
After studying the contents of this course, you should be able to: 

v explain the symmetry elements and identify the presence of symmetry element in 
organic molecules; 

v define chirality and relate the molecular symmetry to chirality; 

v explain the stereoisomerism in molecules with one, two, three or more chiral centres; 



 
 

v define racemic mixtures and explain their formation and properties; 
v explain the basic aspects of conformational isomerism and apply these to the 

conformational isomerism in cyclohexanes; 

v draw the conformational isomers of cyclohexenes, cyclohexanones and decalins; 

v explain the concept of stereoisomerism in molecules without chiral centres; 

v define and elaborate the axial, planar and helical chirality in complex organic molecules; 

Study Guide 

The ‘Stereochemistry and Reactive Intermediates’ course involves the concepts of 
stereochemistry and reactive intermediates keeping under consideration the prior knowledge 
of the learners in both the topics in their undergraduate courses. It is therefore suggested 
that the learners should have revised and revisited the related undergraduate courses so as 
to make a good connection with the current matter. Nevertheless, this course has been 
developed in a very simple way with a number of illustrations which makes it easy for the 
distance learners to understand. In case you have not studied from IGNOU we would 
recommend that you may look into the organic chemistry courses of B.Sc. Chemistry 
available in the IGNOU website under e-Gyankosh. 

This is a 4 credits course and you know that as per IGNOU norms it translates into 120 
hours of study time. This includes studying the printed blocks, solving the Self Assessment 
Questions (SAQs), Terminal Questions (TQs), completing the assignments, attending the 
counselling sessions, listening to the audio programmes, watching the video programmes 
and participating in the teleconferencing sessions including the live teleconferencing 
sessions, etc. The number of hours of study time given is suggestive; only some of you may 
finish these activities a little earlier. You should not feel perturbed if you take a little longer 
time to finish the work. Learning the contents and being able to apply the acquired 
knowledge is more important. You will have five counselling sessions for this course. You 
should judiciously plan your study schedules keeping all these in mind.  

The print material of a course is supplied in the form of several booklets called the Blocks. 
As you shall see, each block has a number of units (chapters). The units of a block have a 
certain thematic unity. The first page of each block indicates the numbers and titles of the 
units comprising the block. The first block of each course starts with course introduction. 
This is followed by a brief introduction to the block. 

Each unit begins with an introduction giving in brief the contents of the unit followed by a list 
of expected learning outcomes which are expected to be achieved after you have 
completely studied the unit. This is followed by the main body of the unit, which is divided 
into various sections and subsections. Each unit ends with a summary of its contents in 
order to enable you to recall the main points. It has been our effort to ensure that the 
contents of the course are self sufficient. However, if you wish to study some topics in 
greater details, you may consult the “suggested readings” given at the end of each block.  

In each unit, there are several Self Assessment Questions (SAQs) and Terminal 
Questions (TQs). These are meant to help you assess your understanding of the subject 
content. Answers of both SAQs and TQs are given in the section named ‘Answers’.  

Read the units carefully and note down the important points. You can use the space in the 
margin of the printed page for making notes and writing your comments. Read the units 



 
 

again and again until you have understood the point. However, if you still do not understand 
something, consult your counsellor during the face-to-face sessions at the programme study 
centre for clarification. Try to answer the SAQs while reading through the unit. These 
exercises will help you to reinforce the information you gain through your reading of the text. 
Once you have tried to answer the SAQs, you can compare your answers with the answers 
given at the end of the unit. The TQs help in recalling the important concepts dealt in the unit. 

Evaluation of MCH-012 

You must know that in the instructional system at IGNOU, the assessment has two 
components viz., continuous and term-end. The assignments form the continuous 
assessment components, which constitute 30% weightage of the overall assessment. You 
will have to do one tutor marked assignment for this course to earn the marks. In addition to 
this, solving the assignments will help you in the preparation of your Term-End Exam (TEE) 
which constitutes the 70% weigtage of the overall assessment. The TEE generally has short 
and essay types of questions. It is suggested that you complete the assignments on time and 
submit to the Study Centre Coordinator as per the schedule given in the assignment booklet. 
This would ensure timely evaluation and would provide valuable suggestions from the 
academic counsellor.   

Always check the validity of the assignments while downloading/solving these.   

We hope that you would find the contents of the course stimulating and useful. In case you 
find difficulty in understanding any concept, you may get it clarified in the counselling 
sessions or feel free to mail your queries to us at: 

lalitaskumar@ignou.ac.in        bifozdar@ignou.ac.in      smalhotra@ignou.ac.in 

 

Wish you Good Luck! 
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STREOCHEMISTRY-I 
The first Block of the course in organic chemistry titled ‘Stereochemistry-I’ deals with the 
stereochemical aspects of organic molecules. In this block you will be able to recall a few 
concepts that you would have studied in the undergraduate courses while some additional 
and advanced concepts have also been included for the better understanding of molecules in 
three dimensions. The block contains four units.  

The first unit titled “Molecular Symmetry and Chirality” starts with the basic aspects of 
representing the organic molecules in two dimensions which explains the projection of 
molecules in different ways and the interconversion of the representations. After giving a 
brief account of classification of stereoisomers, a detailed account of symmetry elements is 
given. The latter includes the four main types. It gives a relationship of symmetry to 
molecular properties like, rotation of plane polarised light and dipole moment. The unit ends 
with explaining the chirality and relating it to symmetry. 

The second unit is titled ‘Stereochemistry of Molecules with Chiral Centres’. It covers the 
stereochemistry of organic molecules with one, two and three chiral centres.  The concept 
has been explained with the help of examples for clarity. The terms, enantiomers, 
diastereomers and meso compounds in this context have been explained thoroughly. The 
related phenomenon of racemization and the methods of resolution are dealt in detail. The 
concept of optical purity which is very important while studying optical isomerism has also 
been explained in the unit. 

The third unit is based on the ‘Conformations of Six Membered Rings’ which starts with 
the basics of conformational isomerism that you have studied in your undergraduate courses. 
This type of isomerism is explained in the unit first taking a general case of cycloalkanes and 
then explained in the case of cyclohexenes, cyclohexanones and decalins. An explicit 
stereochemical explanation of all the molecules has been given in the whole unit. 

The fourth unit of the block deals with the ‘Stereochemistry of Molecules without Chiral 
Centres’ that includes complex molecules which do not contain a chiral carbon but are 
optically active.  These molecules have axial, planar and helical chirality because of which 
these are able to show the optical activity. The concept of existence of optical activity without 
a chiral centre has been explained well with examples of allenes, spiranes and Alkylidene-
cycloalkanes. The unit also decribes the conformational chirality in biphenyls and bridged 
biphenyls. 

Expected Learning Outcomes 
After studying this block, you should be able to: 
v draw the organic molecules by different projections and explain the stereochemistry of 

the molecule; 

v describe different types of symmetry elements; 

v explain the relationship between symmetry and the molecular properties; 

v define chirality and explain the existence of chirality in molecules with one chiral centre;  

v explain the relationship between chirality and symmetry; 

v explain the stereoisomerism in molecules with one, two, three or more chiral centres; 
v define and differentiate among the enantiomers, diastereomers and meso compounds; 
v define racemic mixtures and explain their formation and properties; 



 
 

v list and describe the methods of separating racemic mixtures; 
v explain the criteria of optical purity in the context of optical isomers; 

v explain the basic aspects of conformational isomerism; 

v describe the stereochemistry of cycloalkanes; 
v draw the conformational isomers of cyclohexane, substituted cyclohexanes, 

cyclohexenes, cyclohexanones, and decalins  and explain their stability; 
v draw the conformational isomers of and explain their stability; 
v draw the conformational isomers of cyclohexanones and halocyclohexanones and 

explain their stability; 
v explain the concept of stereoisomerism in molecules without chiral centres; 
v define and elaborate the axial, planar and helical chirality; 
v describe the stereochemistry of allenes, spiranes and Alkylidenecycloalkanes; 

v describe the conformational chirality in biphenyls and bridged biphenyls; 

v explain the planar chirality in cyclophanes and ansa compounds; and 
v define and explain helicity and cyclostereoisomerism. 
 



 
 
Unit 1 

�0�2�/�(�&�8�/�$�5���6�<�0�0�(�7�5�<

�6�W�U�X�F�W�X�U�H��

���������� �,�Q�W�U�R�G�X�F�W�L�R�Q��

���� �(�[�S�H�F�W�H�G���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V��
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1.1  INTRODUCTION 
�<�R�X���K�D�Y�H���V�W�X�G�L�H�G���L�Q���\�R�X�U���X�Q�G�H�U�J�U�D�G�X�D�W�H���F�O�D�V�V�H�V���W�K�D�W���V�W�H�U�H�R�F�K�H�P�L�V�W�U�\��
�L�Q�Y�R�O�Y�H�V���W�K�H���V�W�X�G�\���R�I���D�U�U�D�Q�J�H�P�H�Q�W���R�I���D�W�R�P�V���R�I���D���P�R�O�H�F�X�O�H���L�Q���W�K�U�H�H��
�G�L�P�H�Q�V�L�R�Q�V�����7�K�H���W�Z�R���L�P�S�R�U�W�D�Q�W���D�V�S�H�F�W�V���R�I��
�V�W�H�U�H�R�L�V�R�P�H�U�L�V�P���D�Q�G���W�K�H���V�W�H�U�H�R�F�K�H�P�L�F�D�O���F�K�D�Q�J�H�V��
�F�K�H�P�L�F�D�O���U�H�D�F�W�L�R�Q�����%�U�R�D�G�O�\���V�S�H�D�N�L�Q�J���W�K�H���L�V�R�P�H�U
�F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���D�Q�G���V�W�H�U�H�R�L�V�R�P�H�U�L�V�P���D�Q�G���W�K�H
�R�I���L�V�R�P�H�U�L�V�P���D�U�H���F�D�O�O�H�G���W�K�H���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V���D�Q�G���V�W�H�U�H�R�L�V�R�P�H�U�V
�U�H�V�S�H�F�W�L�Y�H�O�\�����7�K�H���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V��
�W�K�H���F�R�Q�Q�H�F�W�L�Y�L�W�\���R�I���D�W�R�P�V�����-�X�V�W���W�R���U�H�F�D�O�O���W�K�H���W�\�S�H���R�I���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V��
�Z�K�L�F�K���D�U�H���F�K�D�L�Q���L�V�R�P�H�U�V�����S�R�V�L�W�L�R�Q���L�V�R�P�H�U
�V�S�H�F�L�D�O���F�D�V�H�V���Y�L�]�������P�H�W�D�P�H�U�V�����W�D�X�W�R�P�H�U�V���D�Q�G���U�L�Q�J���F�K�D�L�Q���L�V�R�P�H�U�V

��
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Molecular Symmetry and Chirality
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�0�R�O�H�F�X�O�H�V�� ��
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� � � 3� U� R� S� H� U� W� L� H� V� �

���� �5�R�W�D�W�L�R�Q���R�I���3�O�D�Q�H���3�R�O�D�U�L�V�H�G���/�L�J�K�W��

���� �'�L�S�R�O�H���0�R�P�H�Q�W��

�������� �6�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�D�O�L�W�\��

�� �&�K�L�U�D�O�L�W�\��

�&�K�L�U�D�O�L�W�\���Y�L�V���D���Y�L�V���V�\�P�P�H�W�U�\��
�H�O�H�P�H�Q�W�V��

�������� �6�X�P�P�D�U�\��

�������� �7�H�U�P�L�Q�D�O���4�X�H�V�W�L�R�Q�V��

�������� �$�Q�V�Z�H�U�V

�<�R�X���K�D�Y�H���V�W�X�G�L�H�G���L�Q���\�R�X�U���X�Q�G�H�U�J�U�D�G�X�D�W�H���F�O�D�V�V�H�V���W�K�D�W���V�W�H�U�H�R�F�K�H�P�L�V�W�U�\��
�L�Q�Y�R�O�Y�H�V���W�K�H���V�W�X�G�\���R�I���D�U�U�D�Q�J�H�P�H�Q�W���R�I���D�W�R�P�V���R�I���D���P�R�O�H�F�X�O�H���L�Q���W�K�U�H�H��

�Q�W���D�V�S�H�F�W�V���R�I���V�W�H�U�H�R�F�K�H�P�L�V�W�U�\���D�U�H��
�W�K�H���V�W�H�U�H�R�F�K�H�P�L�F�D�O���F�K�D�Q�J�H�V���Z�K�L�F�K���R�F�F�X�U���G�X�U�L�Q�J���D��
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�7�K�H���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V���G�L�I�I�H�U���L�Q���W�K�H�L�U���E�R�Q�G�L�Q�J���V�H�T�X�H�Q�F�H���D�Q�G��

�W�R���U�H�F�D�O�O���W�K�H���W�\�S�H���R�I���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V��
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Block 1   Stereochemistry-I 
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�Q�R�W���G�L�V�F�X�V�V���W�K�H�V�H���W�\�S�H�V���E�H�F�D�X�V�H���L�W���L�V���H�[�S�H�F�W�H�G���W�K�D�W���\�R�X���K�D�Y�H���D���I�D�L�U���N�Q�R�Z�O�H�G�J�H��
�R�I���W�K�H���V�D�P�H������

�,�Q���F�R�Q�W�U�D�V�W���W�R���W�K�H���F�R�Q�V�W�L�W�X�W�L�R�Q�D�O���L�V�R�P�H�U�V�����V�W�H�U�H�R�L�V�R�P�H�U�V���K�D�Y�H���W�K�H���V�D�P�H��
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1.2 REPRESENTATION OF ORGANIC 
MOLECULES IN TWO DIMENSIONS 
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1.2.1  Perspective Representation of Molecules  
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Fig. 1.1: The Flying wedge representation of methane. 
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Fig. 1.2: Flying wedge representation of lactic acid.��

Zig-Zag Representation: �7�K�H���S�H�U�V�S�H�F�W�L�Y�H�����]�L�J���]�D�J�����V�W�U�X�F�W�X�U�H���Z�D�V���G�H�Y�L�V�H�G���E�\��
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�Z�U�L�W�W�H�Q���D�W���W�K�H���D�S�S�U�R�S�U�L�D�W�H���F�D�U�E�R�Q���Z�L�W�K���W�K�H���K�H�O�S���R�I���D���E�R�Q�G�����7�K�L�V���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q��
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Fig. 1.3: Flying wedge (a) and Zig zag (b) representation of open chain D-glucose.  
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�X�V�X�D�O�O�\���G�R�Q�H���I�R�U��
�P�R�O�H�F�X�O�H�V���F�R�Q�W�D�L�Q�L�Q�J��
�F�K�L�U�D�O���F�H�Q�W�U�H�V�����,�W���P�D�\��
�D�O�V�R���E�H���X�V�H�G���I�R�U��
�D�F�K�L�U�D�O���P�R�O�H�F�X�O�H�V����

�5�H�P�H�P�E�H�U���W�K�D�W��
�D���]�L�J���]�D�J�����I�R�U�P�X�O�D��
�G�R�H�V���Q�R�W���U�H�S�U�H�V�H�Q�W��
�D�Q���H�F�O�L�S�V�H�G��
�F�R�Q�I�R�U�P�D�W�L�R�Q����
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1.2.2  Projection Representation of Molecules  

�7�K�H���S�U�R�M�H�F�W�L�R�Q���W�\�S�H���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q�F�O�X�G�H�V���W�K�H���)�L�V�F�K�H�U�����W�K�H���1�H�Z�P�D�Q���D�Q�G���W�K�H��
�6�D�Z�K�R�U�V�H���S�U�R�M�H�F�W�L�R�Q�V���D�V���P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H�����7�K�H���W�K�U�H�H���W�\�S�H�V���D�U�H���H�[�S�O�D�L�Q�H�G���L�Q��
�W�K�H���I�R�O�O�R�Z�L�Q�J���S�D�U�D�J�U�D�S�K�V����

Fischer Projections: �)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q���L�V���D���F�R�Q�Y�H�Q�W�L�R�Q���I�R�U���G�L�V�S�O�D�\�L�Q�J���W�K�H��
�W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O���F�R�Q�I�L�J�X�U�D�W�L�R�Q�D�O���U�H�O�D�W�L�R�Q�V�K�L�S���R�I���D���P�R�O�H�F�X�O�H���L�Q���S�O�D�Q�D�U��
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�����,�Q���W�K�L�V���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�����W�K�H���P�R�O�H�F�X�O�H���L�V���V�R���R�U�L�H�Q�W�H�G���W�K�D�W���W�K�H��
�F�D�U�E�R�Q���D�W�R�P���L�V���L�Q���W�K�H���S�O�D�Q�H���R�I���S�U�R�M�H�F�W�L�R�Q�����F�R�X�O�G���E�H���S�D�S�H�U���R�U���E�O�D�F�N�E�R�D�U�G�����D�Q�G��
�W�K�H���I�R�X�U���E�R�Q�G�V���D�U�H���V�K�R�Z�Q���E�\���W�Z�R���Y�H�U�W�L�F�D�O���D�Q�G���K�R�U�L�]�R�Q�W�D�O���O�L�Q�H�V���Z�K�L�F�K���L�Q�W�H�U�V�H�F�W��
�H�D�F�K���R�W�K�H�U�����7�K�H���S�R�L�Q�W���R�I���L�Q�W�H�U�V�H�F�W�L�R�Q���R�I���W�K�H�V�H���O�L�Q�H�V���U�H�S�U�H�V�H�Q�W�V���W�K�H���F�D�U�E�R�Q��
�D�W�R�P�����7�K�H���K�R�U�L�]�R�Q�W�D�O���O�L�Q�H�V���R�I���W�K�H���F�U�R�V�V���U�H�S�U�H�V�H�Q�W���E�R�Q�G�V���S�U�R�M�H�F�W�L�Q�J���R�X�W�Z�D�U�G���L���H������
�D�E�R�Y�H���W�K�H���S�O�D�Q�H���D�Q�G���W�K�H���Y�H�U�W�L�F�D�O���O�L�Q�H�V���U�H�S�U�H�V�H�Q�W���W�K�H���E�R�Q�G�V���J�R�L�Q�J���E�H�O�R�Z���W�K�H��
�S�O�D�Q�H�������)�L�J�����������U�H�S�U�H�V�H�Q�W�V���D���J�H�Q�H�U�D�O���P�R�O�H�F�X�O�H���G�U�D�Z�Q���L�Q���Z�H�G�J�H���I�R�U�P�X�O�D���D�Q�G���L�W�V��
�H�T�X�L�Y�D�O�H�Q�W���L�Q���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q�����7�K�H���W�Z�R���J�U�R�X�S�V���;���D�Q�G���=���D�U�H���R�Q���W�K�H���S�O�D�Q�H���R�I��
�S�D�S�H�U���L�Q���Z�H�G�J�H���D�Q�G���G�D�V�K���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���D�Q�G���W�K�H���S�U�R�M�H�F�W�L�R�Q���L�V���V�K�R�Z�Q���X�Q�G�H�U���L�W����
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Fig. 1.4: Fischer projection from wedge and dash representation. 
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�)�R�U���G�U�D�Z�L�Q�J���W�K�H���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q�����D���P�R�O�H�F�X�O�H���P�D�\���D�O�V�R���E�H���Y�L�H�Z�H�G���D�V���V�K�R�Z�Q��
�L�Q�� �)�L�J���������� �D�Q�G���W�K�H�Q�� �Z�U�L�W�L�Q�J�� �J�U�R�X�S�V�� �&�� �D�Q�G�� �'�� �R�Q�� �W�K�H�� �K�R�U�L�]�R�Q�W�D�O�� �O�L�Q�H�� �D�V���W�K�H�\�� �D�U�H��
�S�U�R�M�H�F�W�L�Q�J���R�X�W���R�I���W�K�H���S�O�D�Q�H���W�R�Z�D�U�G�V���Y�L�H�Z�H�U������
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Fig. 1.5: Viewing a molecule for Fischer projection 

�)�L�V�F�K�H�U�� �S�U�R�M�H�F�W�L�R�Q�V�� �D�U�H�� �Q�R�U�P�D�O�O�\�� �X�V�H�G�� �W�R�� �U�H�S�U�H�V�H�Q�W�� �F�R�P�S�R�X�Q�G�V�� �Z�L�W�K�� �F�K�L�U�D�O��
�F�H�Q�W�U�H�V�����)�R�U���H�[�D�P�S�O�H���R�Q�H���R�I���W�K�H���L�V�R�P�H�U�V���R�I���O�D�F�W�L�F���D�F�L�G���F�D�Q���E�H���G�U�D�Z�Q���L�Q���Z�H�G�J�H��
�D�Q�G���G�D�V�K���I�R�U�P�X�O�D���D�V�������������D�����Z�K�R�V�H���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q���L�V���V�K�R�Z�Q���D�V�������������E������
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Fig. 1.6: Lactic acid: (a) Wedge and Dash (b) Fischer projection formula 

�:�H���F�D�Q���D�F�W�X�D�O�O�\���G�U�D�Z���P�D�Q�\���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q�V���I�R�U���D�Q�\���V�W�H�U�H�R�L�V�R�P�H�U���E�H�F�D�X�V�H��
�L�W���G�H�S�H�Q�G�V���X�S�R�Q���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���Y�L�H�Z�L�Q�J���W�K�H���P�R�O�H�F�X�O�H�����$�V���D�Q���H�[�D�P�S�O�H���W�K�H��
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�D�E�R�Y�H���V�W�H�U�H�R�L�V�R�P�H�U���R�I���O�D�F�W�L�F���D�F�L�G�����F�D�Q���D�O�V�R���E�H���U�H�S�U�H�V�H�Q�W�H�G���L�Q���G�L�I�I�H�U�H�Q�W���Z�D�\�V���D�V��
�V�K�R�Z�Q���L�Q���)�L�J������������ 
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Fig. 1.7. Fischer projections of lactic acid 

�2�Q�H���F�D�Q���U�H�S�U�H�V�H�Q�W���F�R�P�S�O�L�F�D�W�H�G���F�D�U�E�R�K�\�G�U�D�W�H�V���O�L�N�H���J�O�X�F�R�V�H���D�Q�G���I�U�X�F�W�R�V�H���H�W�F�����L�Q��
�D���Z�D�\���W�K�D�W���F�R�P�P�X�Q�L�F�D�W�H�V���W�K�H�L�U���V�W�H�U�H�R�F�K�H�P�L�F�D�O���L�Q�I�R�U�P�D�W�L�R�Q���E�\���D�G�K�H�U�L�Q�J���W�R���W�K�H��
�V�S�H�F�L�I�L�H�G���J�X�L�G�H�O�L�Q�H�V���I�R�U���G�U�D�Z�L�Q�J���W�K�H�V�H���S�U�R�M�H�F�W�L�R�Q�V����

Sawhorse Projection:���,�Q���W�K�L�V���S�U�R�M�H�F�W�L�R�Q�����W�K�H���W�Z�R���N�H�\���F�D�U�E�R�Q���D�W�R�P�V���D�U�H���M�R�L�Q�H�G��
�E�\���D���G�L�D�J�R�Q�D�O���O�L�Q�H���Z�K�L�F�K���L�V���W�D�N�H�Q���W�R���E�H���R�Q���W�K�H���S�O�D�Q�H���R�I���W�K�H���S�D�S�H�U���D�Q�G���W�K�H��
�U�H�P�D�L�Q�L�Q�J���E�R�Q�G�V���D�U�H���V�K�R�Z�Q���E�\���V�P�D�O�O���O�L�Q�H�V���S�U�R�M�H�F�W�H�G���D�E�R�Y�H���D�Q�G���E�H�O�R�Z���W�K�D�W��
�S�O�D�Q�H�����7�K�H�U�H���L�V���D���I�U�H�H���U�R�W�D�W�L�R�Q���D�E�R�X�W���&���&���E�R�Q�G���D�Q�G���W�K�H���W�K�U�H�H���J�U�R�X�S�V���D�W�W�D�F�K�H�G��
�W�R���R�Q�H���F�D�U�E�R�Q���P�D�\���E�H���U�R�W�D�W�H�G���F�O�R�F�N�Z�L�V�H���R�U���D�Q�W�L�F�O�R�F�N�Z�L�V�H���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H��
�W�K�U�H�H���J�U�R�X�S�V���D�W�W�D�F�K�H�G���W�R���W�K�H���R�W�K�H�U���F�D�U�E�R�Q���D�W�R�P�����7�K�H���U�H�O�D�W�L�Y�H���S�R�V�L�W�L�R�Q���R�I��
�Y�D�U�L�R�X�V���J�U�R�X�S�V���D�W�W�D�F�K�H�G���W�R���W�K�H�V�H���F�D�U�E�R�Q���D�W�R�P�V���F�D�Q���E�H���H�D�V�L�O�\���U�H�S�U�H�V�H�Q�W�H�G���E�\��
�W�K�L�V���W�\�S�H���R�I���S�U�R�M�H�F�W�L�R�Q�����)�R�U���H�[�D�P�S�O�H�����Q���E�X�W�D�Q�H�����&�+���&�+���&�+���&�+�������F�D�Q���E�H��
�U�H�S�U�H�V�H�Q�W�H�G���D�V���V�K�R�Z�Q���L�Q���)�L�J��������������
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Fig. 1.8: Sawhorse representations of �Q-butane. 

Newman Projection: �)�R�U���W�K�L�V���W�\�S�H���R�I���S�U�R�M�H�F�W�L�R�Q�����W�K�H���P�R�O�H�F�X�O�H���L�V���Y�L�H�Z�H�G���D�O�R�Q�J��
�W�K�H���E�R�Q�G���M�R�L�Q�L�Q�J���W�K�H���W�Z�R���F�D�U�E�R�Q���D�W�R�P�V�����7�K�H���F�D�U�E�R�Q���D�W�R�P���D�W���W�K�H���E�D�F�N���L�V��
�U�H�S�U�H�V�H�Q�W�H�G���E�\���D���F�L�U�F�O�H���Z�K�H�U�H�D�V���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���D�W�R�P���L�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���D���G�R�W��
�D�W���W�K�H���F�H�Q�W�U�H���R�I���W�K�H���F�L�U�F�O�H�����7�K�H���W�K�U�H�H���J�U�R�X�S�V���D�W�W�D�F�K�H�G���W�R���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���D�W�R�P����
�D�U�H���U�H�S�U�H�V�H�Q�W�H�G���E�\���W�K�U�H�H���O�L�Q�H�V���H�P�H�U�J�L�Q�J���I�U�R�P���W�K�L�V���S�R�L�Q�W�����7�K�H���F�L�U�F�X�P�I�H�U�H�Q�F�H���R�I��
�W�K�H���F�L�U�F�O�H���U�H�S�U�H�V�H�Q�W�V���W�K�H���E�D�F�N���F�D�U�E�R�Q���D�W�R�P���D�Q�G���W�K�H���W�K�U�H�H���V�X�E�V�W�L�W�X�H�Q�W�V��
�D�W�W�D�F�K�H�G���W�R���W�K�L�V���F�D�U�E�R�Q���D�U�H���V�K�R�Z�Q���E�\���W�K�U�H�H���O�L�Q�H�V���H�P�H�U�J�L�Q�J���I�U�R�P���W�K�H���H�G�J�H���R�I��
�W�K�H���F�L�U�F�O�H�����7�K�H�V�H���V�W�U�D�L�J�K�W���O�L�Q�H�V���Z�K�L�F�K���U�H�S�U�H�V�H�Q�W���W�K�H���E�R�Q�G�V���D�U�H���G�U�D�Z�Q���D�W���D�Q�J�O�H�V��
�R�I���������R�����1�H�Z�P�D�Q���S�U�R�M�H�F�W�L�R�Q�V���D�U�H���K�H�O�S�I�X�O���I�R�U���D���E�H�W�W�H�U���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���G�L�I�I�H�U�H�Q�W��
�F�R�Q�I�R�U�P�D�W�L�R�Q�V���R�I���D���P�R�O�H�F�X�O�H�����)�R�U���H�[�D�P�S�O�H�����W�K�H���V�W�D�J�J�H�U�H�G���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I��
�H�W�K�D�Q�H���F�D�Q���E�H���G�U�D�Z�Q���L�Q���Q�H�Z�P�D�Q���S�U�R�M�H�F�W�L�R�Q���D�V���V�K�R�Z�Q���L�Q���)�L�J����������������
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Fig. 1.9: Newman projection of staggered conformation of ethane. 

�$�Q�R�W�K�H�U���H�[�D�P�S�O�H���L�V���W�K�H���V�W�D�J�J�H�U�H�G���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I���E�X�W�D�Q�H���W�K�D�W���F�D�Q���E�H��
�U�H�S�U�H�V�H�Q�W�H�G���L�Q���V�D�Z�K�R�U�V�H���S�U�R�M�H�F�W�L�R�Q���D�Q�G���1�H�Z�P�D�Q���S�U�R�M�H�F�W�L�R�Q���D�V���V�K�R�Z�Q���E�H�O�R�Z��������
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Fig. 1.10: Sawhorse and Newman projections of butane. 
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1.2.3  Interconversions of Projection Formulae 
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Fischer Projection to Sawhorse��
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Unit 1 Molecular Symmetry and Chirality 

��

������

�)�L�J���������������D�����U�H�S�U�H�V�H�Q�W�V���D�Q���L�V�R�P�H�U���R�I�������������G�L�E�U�R�P�R�E�X�W�D�Q�H���L�Q���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q����
�,�I���L�W�V���V�D�Z�K�R�U�V�H���I�R�U�P���L�V���Z�U�L�W�W�H�Q���N�H�H�S�L�Q�J���&�������L�Q���I�U�R�Q�W���D�Q�G���&�������D�W���W�K�H���E�D�F�N�����W�K�H�Q��
�W�K�H���H�F�O�L�S�V�H�G���V�D�Z�K�R�U�V�H���I�R�U�P���E�H�F�R�P�H�V�������������E�������,�W�V���V�W�D�J�J�H�U�H�G���F�R�Q�I�R�U�P�D�W�L�R�Q���L�V��
�U�H�S�U�H�V�H�Q�W�H�G���D�V�������������F�����Z�K�L�F�K���L�V���R�E�W�D�L�Q�H�G���E�\���U�R�W�D�W�L�R�Q���D�F�U�R�V�V���W�K�H���E�R�Q�G���E�H�W�Z�H�H�Q��
�&�������D�Q�G���&��������

�&�+��

�&�+��

�+�%�U

�%�U�+
�1�1

�&�+��

�%�U

�+
�%�U

�&�+��

�+

��

��
��

��

��

��

��

��

�1�1

�&�+��

�&�+��

�+
�%�U �+

�%�U

��

��

��

��

���D�� ���E�� ���F��
��

Fig. 1.11: Conversion of Fischer projection to sawhorse.��

Sawhorse to Newman to Fischer ��
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                                           Fig. 1.12: Conversion of sawhorse projection to Newman to Fischer. 

Fischer to Newman to Sawhorse  
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Block 1   Stereochemistry-I 
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Fig. 1.14: Conversion of Fischer, sawhorse and Newman projections of threose. 
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1.3 CLASSIFICATION OF STEREOISOMERS 
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Unit 1 Molecular Symmetry and Chirality 
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Fig. 1.15: Geometrical isomers of 2-butene. 
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Fig.1.16: Stuctures I and II as the mirror images of a molecule with structure III 
depicting the non
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�P�R�O�H�F�X�O�H���W�R���U�R�W�D�W�H���W�K�H���S�O�D�Q�H���R�I���S�O�D�Q�H���S�R�O�D�U�L�]�H�G���O�L�J�K�W�����+�R�Z�H�Y�H�U�����D�O�O���W�K�H��
�P�R�O�H�F�X�O�H�V���R�U���F�R�P�S�R�X�Q�G�V���G�R���Q�R�W���V�K�R�Z���W�K�L�V���S�U�R�S�H�U�W�\�����7�K�H�Q���Z�K�D�W���W�\�S�H���R�I��
�F�R�P�S�R�X�Q�G�V���V�K�R�Z���R�S�W�L�F�D�O���D�F�W�L�Y�L�W�\�"���,�W���L�V���H�V�V�H�Q�W�L�D�O���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���F�R�Q�F�H�S�W���R�I��
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�<�R�X���N�Q�R�Z���W�K�D�W���D���P�R�O�H�F�X�O�H���F�R�Q�W�D�L�Q�L�Q�J���D���F�D�U�E�R�Q���D�W�R�P���D�W�W�D�F�K�H�G���W�R���I�R�X�U
�V�X�E�V�W�L�W�X�H�Q�W�V�����D�����E�����F���D�Q�G���G���U�H�V�X�O�W�V���L�Q���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H
�P�L�U�U�R�U���L�P�D�J�H�V���F�D�O�O�H�G���W�K�H��enantiomers���)�L�J�����������������,�I���Z�H���W�U�\���W�R���V�X�S�H�U�L�P�S�R�V�H��
�V�W�U�X�F�W�X�U�H�V���,���D�Q�G���,�,�����Z�H���J�H�W���V�W�U�X�F�W�X�U�H���,�,�,�����,�W���L�V���F�O�H�D�U���I�U�R�P���V�W�U�X�F�W�X�U�H��
�W�K�D�W���W�K�H���V�W�U�X�F�W�X�U�H�V���,���D�Q�G���,�,���D�U�H���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H�����6�X�F�K���P�R�O�H�F�X�O�H
�W�R���F�R�Q�W�D�L�Q���D�Q���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P���D�Q�G���D�U�H���N�Q�R�Z�Q���D�V��chiral molecules

     
           I                        II               III

Stuctures I and II as the mirror images of a molecule with structure III 
depicting the non-superimposability of structures I and II. 

�R�U���D���P�R�O�H�F�X�O�H���W�R���V�K�R�Z���R�S�W�L�F�D�O���D�F�W�L�Y�L�W�\�����Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�L�O�L�W�\
�R�U���F�K�L�U�D�O�L�W�\���R�U���S�U�H�V�H�Q�F�H���R�I���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P��

�+�R�Z�H�Y�H�U�����L�W���E�H�F�R�P�H�V���G�L�I�I�L�F�X�O�W���W�R���I�L�Q�G���R�X�W���W�K�H���V�X�S�H�U�L�P�S�R�V�D�E�L�O�L�W�\���R�I���P�R�O�H�F�X�O�H�V��
�Z�L�W�K���P�R�U�H���W�K�D�Q���R�Q�H���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P�V�����7�K�L�V���U�D�L�V�H�V���T�X�H�V�W�L�R�Q�V���O�L�N�H��
�V�R�P�H���P�R�O�H�F�X�O�H�V���D�U�H���F�K�L�U�D�O���Z�K�L�O�H���R�W�K�H�U�V���D�U�H���Q�R�W�"���+�R�Z���G�R���Z�H���F�K�H�F�N���F�K�L�U�D�O�L�W�\���R�U��
�D�V�\�P�P�H�W�U�\���L�Q���D���P�R�O�H�F�X�O�H�"���7�K�H�V�H���T�X�H�V�W�L�R�Q�V���D�U�H���D�G�G�U�H�V�V�H�G��

�V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V���L�Q���W�K�H���P�R�O�H�F�X�O�H���X�Q�G�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q����
�L�V���D���J�H�R�P�H�W�U�L�F���I�H�D�W�X�U�H���Z�K�L�F�K���F�D�Q���E�H���D���S�R�L�Q�W�����O�L�Q�H���R�U���S�O�D�Q�H

�S�U�R�F�H�V�V���I�R�U���I�L�Q�G�L�Q�J���W�K�H���S�U�H�V�H�Q�F�H���R�I���D�Q�\���V�X�F�K���H�O�H�P�H�Q�W���L�Q���D���P�R�O�H�F�X�O�H���L�Q�Y�R�O�Y�H�V��
�I�H�Z���V�W�H�S�V���F�D�O�O�H�G���V�\�P�P�H�W�U�\���R�S�H�U�D�W�L�R�Q�V�����Z�K�L�F�K���D�U�H���G�L�V�F�X�V�V�H�G���L�Q���I�R�O�O�R�Z�L�Q�J��
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Stuctures I and II as the mirror images of a molecule with structure III 
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Unit 1 Molecular Symmetry and Chirality 
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1.4 SYMMETRY ELEMENTS AND SYMMETRY 
OPERATIONS 

�<�R�X���K�D�Y�H���U�H�D�G���M�X�V�W���D�E�R�Y�H���W�K�D�W���W�K�H���V�\�P�P�H�W�U�\���R�I���D���P�R�O�H�F�X�O�H���L�V���G�H�V�F�U�L�E�H�G���L�Q��
�W�H�U�P�V���R�I��symmetry elements�����7�K�H���R�S�H�U�D�W�L�R�Q�V���S�H�U�I�R�U�P�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H��
�S�U�H�V�H�Q�F�H���R�I���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V���D�U�H���F�D�O�O�H�G��symmetry operations�����$��
�V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W���F�D�Q���E�H���D���J�H�R�P�H�W�U�L�F���O�L�Q�H�����S�O�D�Q�H���R�U���S�R�L�Q�W���Z�L�W�K���U�H�V�S�H�F�W���W�R��
�Z�K�L�F�K���R�Q�H���R�U���P�R�U�H���V�\�P�P�H�W�U�\���R�S�H�U�D�W�L�R�Q�V���D�U�H���S�H�U�I�R�U�P�H�G�����7�K�H���V�\�P�P�H�W�U�\��
�H�O�H�P�H�Q�W�V���D�U�H���R�I���I�R�X�U���W�\�S�H�V�����7�K�H�V�H���D�U�H����

�x�� �5�R�W�D�W�L�R�Q�D�O���R�U���S�U�R�S�H�U���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����&�Q����

�x�� �3�O�D�Q�H���R�I���V�\�P�P�H�W�U�\�����1������

�x�� �&�H�Q�W�U�H���R�I���V�\�P�P�H�W�U�\���R�U���F�H�Q�W�U�H���R�I���L�Q�Y�H�U�V�L�R�Q�����L������

�x�� �$�O�W�H�U�Q�D�W�L�Q�J���R�U���L�P�S�U�R�S�H�U���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����6�Q����

�7�K�H�V�H���W�\�S�H�V���D�U�H���H�[�S�O�D�L�Q�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�H�F�W�L�R�Q�V����

1.4.1  Rotational Axis of Symmetry  

�,�W���L�V���G�H�Q�R�W�H�G���E�\���W�K�H���V�\�P�E�R�O���&�Q�����/�D�W�L�Q���Z�R�U�G���&�L�U�F�X�O�D�W�H�����D�Q�G���L�V���D�O�V�R���F�D�O�O�H�G��proper 
axis of rotation�����7�K�H���V�X�E�V�F�U�L�S�W���µ�Q�¶���G�H�Q�R�W�H�V���W�K�H���I�R�O�G���R�U���R�U�G�H�U���R�I���U�R�W�D�W�L�R�Q�����,�W���L�V��
�G�H�I�L�Q�H�G���D�V�����³�D�Q���Q���I�R�O�G���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����Z�K�H�Q���D���V�W�U�X�F�W�X�U�H���S�R�V�V�H�V�V�L�Q�J���W�K�L�V���D�[�L�V��
�L�V���U�R�W�D�W�H�G���E�\���D�Q���D�Q�J�O�H���R�I���������ƒ���Q���D�U�R�X�Q�G���W�K�H���D�[�L�V�����W�K�H���V�W�U�X�F�W�X�U�H���Z�K�L�F�K���U�H�V�X�O�W�V���L�V��
�V�X�S�H�U�L�P�S�R�V�D�E�O�H���Z�L�W�K���W�K�H���R�U�L�J�L�Q�D�O���R�Q�H�Æ�����,�W���L�V���D�O�V�R���F�D�O�O�H�G��symmetry axis �R�U 
simple axis of symmetry�����7�K�H���Y�D�O�X�H���R�I���Q���F�D�Q���Q�H�Y�H�U���E�H���D���I�U�D�F�W�L�R�Q�����E�H�F�D�X�V�H���L�Q��
�V�X�F�K���D���F�D�V�H���H�Y�H�U�\���&�Q���R�S�H�U�D�W�L�R�Q���Z�L�O�O���Q�R�W���J�L�Y�H���V�X�S�H�U�L�P�S�R�V�D�E�O�H���V�W�U�X�F�W�X�U�H�����W�K�D�W���L�V����
�H�T�X�L�Y�D�O�H�Q�W���V�W�U�X�F�W�X�U�H�����,�I���D���P�R�O�H�F�X�O�H���S�R�V�V�H�V�V�H�V���P�R�U�H���W�K�D�Q���R�Q�H���V�L�P�S�O�H���D�[�L�V���R�I��
�V�\�P�P�H�W�U�\���Z�L�W�K���G�L�I�I�H�U�H�Q�W���Y�D�O�X�H�V���R�Q���Q���W�K�H�Q���W�K�H���&�Q���D�[�L�V���K�D�Y�L�Q�J���P�D�[�L�P�X�P���Y�D�O�X�H���R�I��
�Q�����I�R�O�G�����L�V���F�D�O�O�H�G���W�K�H��principal axis�����:�K�H�Q���W�K�H�U�H���D�U�H���V�H�Y�H�U�D�O���&�Q���D�[�H�V���Z�L�W�K���V�D�P�H��
�Y�D�O�X�H���R�I���Q�����W�K�H�Q���W�K�H���S�U�L�Q�F�L�S�D�O���D�[�L�V���L�V���R�Q�H���W�K�D�W���L�Q�Y�R�O�Y�H�V���P�D�[�L�P�X�P���Q�X�P�E�H�U���R�I��
�D�W�R�P�V���R�I���W�K�H���P�R�O�H�F�X�O�H������

�:�H���F�R�Q�V�L�G�H�U���W�K�H���H�[�D�P�S�O�H���R�I���F�L�V�����������G�L�F�K�O�R�U�R�F�\�F�O�R�E�X�W�D�Q�H�������,�W���F�D�Q���E�H���G�H�S�L�F�W�H�G��
�E�\���L�W�V���H�Q�D�Q�W�L�R�P�H�U�V���D�V���V�K�R�Z�Q���L�Q���)�L�J���������������/�H�W���X�V���V�H�H���L�I���L�W���K�D�V���D�Q�\���V�\�P�P�H�W�U�\��
�H�O�H�P�H�Q�W�������5�R�W�D�W�L�R�Q���E�\�������R���D�E�R�X�W���W�K�H���D�[�L�V���V�K�R�Z�Q���L�Q���W�K�H���I�L�J�X�U�H���J�L�Y�H�V���D���P�R�O�H�F�X�O�H��
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�V�\�P�P�H�W�U�\�����������R�����������R��� �����������7�K�X�V�����L�W���K�D�V���D���W�Z�R���I�R�O�G���U�R�W�D�W�L�R�Q�D�O���D�[�L�V���R�I���V�\�P�P�H�W�U�\����

�&�O

�&�O

�&�O�&�O �&�O

�&�O

��
          Fig. 1.17: Two fold rotational axis of symmetry 

1.4.2   Plane of Symmetry 
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Block 1   Stereochemistry-I 
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�L�V���P�L�U�U�R�U���L�P�D�J�H���R�I���W�K�H���R�W�K�H�U���K�D�O�I�����,�W���L�V���E�H�F�D�X�V�H���R�I���W�K�L�V���S�U�R�S�H�U�W�\�����D���S�O�D�Q�H���R�I��
�V�\�P�P�H�W�U�\���L�V���D�O�V�R���F�D�O�O�H�G���W�K�H��mirror plane�����,�W���L�V���G�H�V�L�J�Q�D�W�H�G���D�V���V�L�J�P�D�����V�����W�K�D�W��
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�)�L�J���������������K�D�V���V�H�Y�H�U�D�O���S�O�D�Q�H�V���R�I���V�\�P�P�H�W�U�\�����%�R�W�K���W�K�H���E�H�D�N�H�U���D�Q�G���W�K�H���F�R�P�S�R�X�Q�G��
�E�U�R�P�R�F�K�O�R�U�R�P�H�W�K�D�Q�H���K�D�Y�H���R�Q�O�\���R�Q�H���S�O�D�Q�H���R�I���V�\�P�P�H�W�U�\������
��

�� ��

���&

���+

���+

���%�U ���&�O

��

��

��

��

���� � � � �

�� ��

Fig. 1.18: Plane of symmetry depicted by some objects and molecules. 
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Fig. 1.19: Plane of symmetry in (a) 2-chloropropane and (b) 2-chlorobutane. 
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Fig.1.20: Examples of molecules with Plane of symmetry. 
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Unit 1 Molecular Symmetry and Chirality 
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�F�D�U�U�\���W�K�U�H�H���V�X�E�V�F�U�L�S�W�V���L�Q�G�L�F�D�W�L�Q�J���W�K�H���S�R�V�L�W�L�R�Q���R�I���V�\�P�P�H�W�U�\���S�O�D�Q�H���S�O�D�Q�H�V���U�H�O�D�W�L�Y�H��
�W�R���W�K�H���S�U�L�Q�F�L�S�D�O���D�[�L�V�����&�Q�������7�K�H�V�H���D�U�H���H�[�S�O�D�L�Q�H�G���E�H�O�R�Z���D�Q�G���G�H�S�L�F�W�H�G���L�Q���)�L�J����������������

�x�� Horizontal (�V h)���U�H�S�U�H�V�H�Q�W�V���W�K�H���U�H�I�O�H�F�W�L�R�Q���L�Q���W�K�H���S�O�D�Q�H���F�R�Q�W�D�L�Q�L�Q�J���W�K�H��
�S�U�L�Q�F�L�S�D�O���D�[�L�V���R�I���U�R�W�D�W�L�R�Q�����W�K�D�W���L�V�����D�[�L�V���Z�L�W�K���K�L�J�K�H�V�W���Y�D�O�X�H���R�I���µ�Q�¶����

�x�� Vertical (�V v) �U�H�S�U�H�V�H�Q�W�V���W�K�H���U�H�I�O�H�F�W�L�R�Q���L�Q���W�K�H���S�O�D�Q�H���F�R�Q�W�D�L�Q�L�Q�J���W�K�H���S�U�L�Q�F�L�S�D�O��
�D�[�L�V����

�x�� Diagonal (�Vd)���U�H�S�U�H�V�H�Q�W�V���U�H�I�O�H�F�W�L�R�Q���L�Q���W�K�H���S�O�D�Q�H�����Z�K�L�F�K���F�R�Q�W�D�L�Q�V���W�K�H��
�S�U�L�Q�F�L�S�D�O���D�[�L�V���D�Q�G���E�L�V�H�F�W�V���W�K�H���D�Q�J�O�H���E�H�W�Z�H�H�Q���W�K�H���W�Z�R���&�����D�[�H�V����

�:�K�H�Q���E�R�W�K���V���Y���D�Q�G���V���G���S�O�D�Q�H�V���D�U�H���S�U�H�V�H�Q�W�����W�K�H�Q���W�K�H���V���Y���S�O�D�Q�H���F�R�Q�W�D�L�Q�V���W�K�H��
�J�U�H�D�W�H�U���Q�X�P�E�H�U���R�I���D�W�R�P�V������

��
Fig.1.21:  Different planes of symmetry. 
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1.4.3   Centre of Symmetry 
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�F�D�O�O�H�G���D��centre of inversion������
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                        Fig.1.22: 2,4-Dimethylcyclobutane-1,3-dicarboxylic acid. 
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�S�D�V�V�L�Q�J���W�K�U�R�X�J�K���W�K�L�V���S�R�L�Q�W���Z�H���J�H�W���D���P�H�W�K�\�O���J�U�R�X�S������

�6�R�P�H���R�W�K�H�U���H�[�D�P�S�O�H�V���R�I���F�R�P�S�R�X�Q�G�V���Z�K�L�F�K���K�D�Y�H���D���F�H�Q�W�U�H���R�I���V�\�P�P�H�W�U�\���D�U�H��
�H�W�K�D�Q�H���D�������W�U�D�Q�V�����������G�L�F�K�O�R�U�R�H�W�K�H�Q�H���E�����V�K�R�Z�Q���L�Q���)�L�J�����������������D�����D�Q�G�����E����
�U�H�V�S�H�F�W�L�Y�H�O�\�����$���P�R�O�H�F�X�O�H���V�K�R�Z�Q���L�Q���������������F�����F�R�Q�W�D�L�Q�V���W�Z�R���V�H�F�R�Q�G�D�U�\���E�X�W�\�O��
�J�U�R�X�S�V���D�W�������D�Q�G�������S�R�V�L�W�L�R�Q���R�I���D���F�\�F�O�R�E�X�W�D�Q�H���U�L�Q�J���D�O�V�R���S�R�V�V�H�V�V�H�V���D���F�H�Q�W�U�H���R�I��
�V�\�P�P�H�W�U�\����
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                        Fig. 1.23: Some molecules showing centre of symmetry. 
1.4.4   Alternating Axis of Symmetry 

�$�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���L�V���G�H�V�L�J�Q�D�W�H�G���D�V���6n�����,�W���L�V���D�O�V�R���N�Q�R�Z�Q���D�V��improper 
axis of rotation���R�U���D�O�V�R��rotation-reflection axis of symmetry�����$���P�R�O�H�F�X�O�H���L�V��
�V�D�L�G���W�R���S�R�V�V�H�V�V���D�Q���Q���I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���L�I���U�R�W�D�W�L�R�Q���W�K�U�R�X�J�K���D�Q��
�D�Q�J�O�H���R�I���������ƒ���Q���D�E�R�X�W���D�Q���D�[�L�V���I�R�O�O�R�Z�H�G���E�\���U�H�I�O�H�F�W�L�R�Q���L�Q���D���S�O�D�Q�H���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R��
�W�K�H���D�[�L�V���J�L�Y�H�V���W�K�H���P�R�O�H�F�X�O�H���Z�K�L�F�K���L�V���L�Q�G�L�V�W�L�Q�J�X�L�V�K�D�E�O�H���I�U�R�P���W�K�H���R�U�L�J�L�Q�D�O��
�P�R�O�H�F�X�O�H�����7�K�H���D�O�S�K�D�E�H�W���Q���L�V���D�U�U�L�Y�H�G���E�\���W�K�H���U�R�W�D�W�L�R�Q���R�I���W�K�H���P�R�O�H�F�X�O�H�����,�I���W�K�H��
�P�R�O�H�F�X�O�H���L�V���U�R�W�D�W�H�G���E�\�������ƒ���W�K�H���Y�D�O�X�H���R�I���Q���Z�L�O�O���E�H���������6�X�S�S�R�V�H���Z�H���J�H�W���W�K�H���D�E�R�Y�H��
�H�[�S�O�D�L�Q�H�G���R�E�V�H�U�Y�D�W�L�R�Q���D�I�W�H�U���������ƒ���U�R�W�D�W�L�R�Q�����W�K�H���Y�D�O�X�H���R�I���Q���Z�L�O�O���E�H���������+�H�Q�F�H�����Z�H��
�V�D�\���W�K�D�W���W�K�H���P�R�O�H�F�X�O�H���S�R�V�V�H�V�V�H�V���D��two-fold alternating axis of symmetry���R�U��
four-fold alternating axis of symmetry �L�I���W�K�H���Y�D�O�X�H���R�I���Q���L�V���������:�K�H�Q���W�K�H��
�U�R�W�D�W�L�R�Q���L�V���E�\�������ƒ�����W�K�H���P�R�O�H�F�X�O�H���L�V���V�D�L�G���W�R���S�R�V�V�H�V�V���D��six-fold alternating axis 
of symmetry���D�Q�G���V�R���R�Q����

�:�H���F�D�Q���X�Q�G�H�U�V�W�D�Q�G���W�K�H���V�\�P�P�H�W�U�\���R�S�H�U�D�W�L�R�Q���E�\���W�D�N�L�Q�J�����������G�L�F�K�O�R�U�R�E�X�W�D�Q�H��
�P�R�O�H�F�X�O�H�����,�I���Z�H���W�U�\���D�������ƒ���U�R�W�D�W�L�R�Q���W�R���J�H�W���W�K�H���S�R�V�L�W�L�R�Q���I�R�U���D���V�L�P�L�O�D�U���J�U�R�X�S���Z�H���Z�L�O�O��
�Q�R�W���E�H���D�E�O�H���W�R���D�F�K�L�H�Y�H���W�K�L�V�����+�R�Z�H�Y�H�U���U�R�W�D�W�L�R�Q���R�I���������ƒ���P�D�N�H�V���W�K�L�V���S�R�V�V�L�E�O�H�����:�H��
�F�D�Q���V�D�\���W�K�D�W���W�K�H���P�R�O�H�F�X�O�H���K�D�V���W�Z�R���I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���D�Q�G���Q�R�W���D��
�V�L�P�S�O�H���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����7�K�X�V�����L�Q���U�R�W�D�W�L�R�Q���D�U�R�X�Q�G���W�K�H���D�[�L�V�����W�K�H���&�O���J�U�R�X�S��
�D�S�S�H�D�U�V���W�Z�L�F�H���E�X�W���R�Q�H���R�I���W�K�H�P���D�S�S�H�D�U�V���D�E�R�Y�H���W�K�H���S�O�D�Q�H���R�I���W�K�H���P�R�O�H�F�X�O�H���D�Q�G��
�W�K�H���R�W�K�H�U���D�S�S�H�D�U�V���E�H�O�R�Z���W�K�H���S�O�D�Q�H�����<�R�X���F�D�Q���W�U�\���W�R���Y�L�V�X�D�O�L�V�H���W�K�L�V���L�Q���)�L�J����������������
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Fig. 1.24: Alternating axis of symmetry in 1,3-dichlorobutane. 



 
 
Unit 1 Molecular Symmetry and Chirality 
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�,�Q���R�U�G�H�U���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���R�S�H�U�D�W�L�R�Q�V�����O�H�W���X�V���F�R�Q�V�L�G�H�U���D�Q���L�V�R�P�H�U���R�I����������������������������������������
�����������������W�H�W�U�D�P�H�W�K�\�O�F�\�F�O�R�E�X�W�D�Q�H���W�K�D�W���K�D�V���W�K�H���P�H�W�K�\�O���J�U�R�X�S�V���D�O�W�H�U�Q�D�W�H�O�\���D�E�R�Y�H��
�D�Q�G���E�H�O�R�Z���W�K�H���S�O�D�Q�H�����V�W�U�X�F�W�X�U�H���,���L�Q���)�L�J�����������������/�H�W���X�V���V�H�H���W�K�H���U�H�V�X�O�W���R�I���U�R�W�D�W�L�R�Q���R�I��
�����ƒ���R�Q���V�W�U�X�F�W�X�U�H���,�����:�H���J�H�W���V�W�U�X�F�W�X�U�H���,�,�����7�K�H���U�H�I�O�H�F�W�L�R�Q���R�I���V�W�U�X�F�W�X�U�H���,�,���L�Q���W�K�H���S�O�D�Q�H��
�R�I���W�K�H���U�L�Q�J���J�L�Y�H�V���V�W�U�X�F�W�X�U�H���,�,�,���Z�K�L�F�K���L�I���\�R�X���V�H�H���F�D�U�H�I�X�O�O�\�����U�H�V�H�P�E�O�H�V���V�W�U�X�F�W�X�U�H���,����
�:�H���F�D�Q���V�D�\���W�K�D�W���W�K�H���P�R�O�H�F�X�O�H���K�D�V���D���������ž�������ž��� �������L���H�������D���I�R�X�U���I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J��
�D�[�L�V���R�I���V�\�P�P�H�W�U�\�����7�K�L�V���L�V���G�H�S�L�F�W�H�G���L�Q���W�K�H���I�L�J�X�U�H���J�L�Y�H�Q���I�R�U���W�K�L�V���P�R�O�H�F�X�O�H������
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Fig.1.25: Four fold alternating axis of symmetry. 

�7�K�H���P�R�O�H�F�X�O�H�����������V�K�R�Z�Q���L�Q���)�L�J���������������F�R�Q�W�D�L�Q�V���I�R�X�U���V�H�F���E�X�W�\�O���J�U�R�X�S�V�����H�D�F�K���R�I��
�Z�K�L�F�K���F�R�Q�W�D�L�Q�V���R�Q�H���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P�����E�X�W���L�V���Q�R�W���F�K�L�U�D�O���E�H�F�D�X�V�H���L�W��
�S�R�V�V�H�V�V�H�V���D���I�R�X�U�I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����6�W�U�X�F�W�X�U�H�����������Z�K�L�F�K���L�V���W�K�H��
�P�L�U�U�R�U���L�P�D�J�H���R�I�����������E�H�F�R�P�H�V���V�X�S�H�U�L�P�S�R�V�D�E�O�H���R�Y�H�U���L�W���E�\���W�X�U�Q�L�Q�J���W�K�H���U�L�Q�J���X�S�V�L�G�H��
�G�R�Z�Q���D�Q�G���W�K�H�Q���U�R�W�D�W�L�Q�J���L�W���E�\�������q���D�O�R�Q�J���W�K�H���D�[�L�V���V�K�R�Z�Q���L�Q���W�K�H���I�L�J�X�U�H�����<�R�X���V�K�R�X�O�G��
�W�U�\���L�W���\�R�X�U�V�H�O�I���W�R���V�K�R�Z���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\����
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Fig.1.26: Molecule with twofold alternating axis of symmetry. 

�6�$�4��������

�7�K�H���G�L�D�V�W�H�U�H�R�P�H�U�V�����$���D�Q�G���%���R�I���W�D�U�W�D�U�L�F���D�F�L�G���D�U�H���V�K�R�Z�Q���L�Q���W�K�H���V�W�D�J�J�H�U�H�G��
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Block 1   Stereochemistry-I 
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1.4.5  The Identity Element 
�7�K�H���L�G�H�Q�W�L�F�D�O���R�S�H�U�D�W�L�R�Q�����(�����L�V���W�K�H���S�U�R�F�H�V�V���R�I���G�R�L�Q�J���Q�R�W�K�L�Q�J���W�R���D���P�R�O�H�F�X�O�H�����D�Q�G��

�W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W���L�V���W�K�H��identity element�����(�������,�I���Q�R���F�K�D�Q�J�H��
�L�V���P�D�G�H���W�R���D���P�R�O�H�F�X�O�H�����R�U���D�Q�\���R�W�K�H�U���R�E�M�H�F�W�������W�K�H�Q���L�W���Z�L�O�O���D�O�Z�D�\�V���E�H���L�G�H�Q�W�L�F�D�O���W�R��
�W�K�H���R�U�L�J�L�Q�D�O���V�W�U�X�F�W�X�U�H�����V�R���D�O�O���W�K�H���P�R�O�H�F�X�O�H�V�����D�Q�G���D�O�O���R�E�M�H�F�W�V�����S�R�V�V�H�V�V���W�K�H���L�G�H�Q�W�L�W�\��
�H�O�H�P�H�Q�W���D�Q�G���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���L�G�H�Q�W�L�F�D�O���R�S�H�U�D�W�L�R�Q����

1.4.6   Asymmetric and Disymmetric Molecules 

�&�K�L�U�D�O���P�R�O�H�F�X�O�H���H�[�L�V�W�V���L�Q���W�Z�R���V�W�H�U�H�R�L�V�R�P�H�U�L�F���I�R�U�P�V�����N�Q�R�Z�Q���D�V���H�Q�D�Q�W�L�R�P�H�U�V���L�Q��
�Z�K�L�F�K���W�K�H���P�L�U�U�R�U���L�P�D�J�H�V���D�U�H���Q�R�Q�V�X�S�H�U�L�P�S�R�V�D�E�O�H���Z�L�W�K���H�D�F�K���R�W�K�H�U�����,�W���L�V���F�O�H�D�U��
�I�U�R�P���W�K�H���D�E�R�Y�H���J�L�Y�H�Q���G�H�V�F�U�L�S�W�L�R�Q���W�K�D�W���D���P�R�O�H�F�X�O�H���Z�R�X�O�G���E�H���F�K�L�U�D�O���L�I���L�W���L�V���G�H�Y�R�L�G��
�R�I���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V���Z�K�L�F�K���L�Q�F�O�X�G�H���S�O�D�Q�H���R�I���V�\�P�P�H�W�U�\�����F�H�Q�W�U�H���R�I���V�\�P�P�H�W�U�\��
�D�Q�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����,�W���L�V���D�S�S�U�R�S�U�L�D�W�H���W�R���P�H�Q�W�L�R�Q���D�W���W�K�L�V���V�W�D�J�H���W�K�D�W��
�R�Q�H���I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���F�R�U�U�H�V�S�R�Q�G�V���W�R���S�O�D�Q�H���R�I���V�\�P�P�H�W�U�\����
�6�L�P�L�O�D�U�O�\�����D���W�Z�R�I�R�O�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���F�R�U�U�H�V�S�R�Q�G�V���W�R���F�H�Q�W�U�H���R�I��
�V�\�P�P�H�W�U�\������

�,�I���D���P�R�O�H�F�X�O�H���F�R�Q�W�D�L�Q�V���D�Q�\���R�I���W�K�H�V�H���H�O�H�P�H�Q�W�V���R�I���V�\�P�P�H�W�U�\���L�W���Z�L�O�O���E�H���F�D�O�O�H�G���D��
symmetric molecule.���,�I���W�K�H���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V���D�U�H���P�L�V�V�L�Q�J�����V�X�F�K���P�R�O�H�F�X�O�H�V��
�Z�H�U�H���H�D�U�O�L�H�U���F�D�O�O�H�G��asymmetric �P�R�O�H�F�X�O�H�V�����,�I���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���D�Q�G��
�V�L�P�S�O�H���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����E�R�W�K���D�U�H���D�E�V�H�Q�W�����W�K�H�V�H���P�R�O�H�F�X�O�H�V���D�U�H���F�D�O�O�H�G���D�V��
�D�V�\�P�P�H�W�U�L�F���D�Q�G���W�K�H�\���D�U�H���X�V�X�D�O�O�\���D�F�W�L�Y�H�����%�X�W���L�I���V�L�P�S�O�H���D�[�L�V���R�I���V�\�P�P�H�W�U�\���L�V��
�S�U�H�V�H�Q�W���D�Q�G���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���L�V���D�E�V�H�Q�W���W�K�H�Q���V�X�F�K���P�R�O�H�F�X�O�H�V���D�U�H��
�Q�R�Z���J�L�Y�H�Q���W�K�H���Q�D�P�H���D�V��dissymmetric���D�Q�G���W�K�H�\���D�U�H���X�V�X�D�O�O�\���D�F�W�L�Y�H�����7�K�H��
�J�H�Q�H�U�D�O���S�R�L�Q�W�V���W�R���U�H�P�H�P�E�H�U���D�U�H���V�X�P�P�D�U�L�V�H�G���E�H�O�R�Z���L�Q���7�D�E�O�H������������

Table 1.1: Symmetry designations of chiral molecules 

Term Alternating axis Simple axis Optical activity 

�6�\�P�P�H�W�U�L�F���� �3�U�H�V�H�Q�W���� �0�D�\���R�U���P�D�\���Q�R�W���E�H���S�U�H�V�H�Q�W�� �,�Q�D�F�W�L�Y�H����

�'�L�V�V�\�P�P�H�W�U�L�F�� �$�E�V�H�Q�W���� �3�U�H�V�H�Q�W���� �8�V�X�D�O�O�\���D�F�W�L�Y�H��

�$�V�\�P�P�H�W�U�L�F���� �$�E�V�H�Q�W���� �$�E�V�H�Q�W���� �8�V�X�D�O�O�\���D�F�W�L�Y�H����

�7�K�H���P�R�O�H�F�X�O�D�U���S�U�R�S�H�U�W�L�H�V���R�I���P�R�O�H�F�X�O�H�V���D�U�H���E�D�V�H�G���R�Q���W�K�H���P�R�O�H�F�X�O�D�U���V�W�U�X�F�W�X�U�H��
�W�K�D�W���L�V���G�L�U�H�F�W�O�\���R�U���L�Q�G�L�U�H�F�W�O�\���U�H�O�D�W�H�G���W�R���W�K�H���V�\�P�P�H�W�U�\���R�I���W�K�H���P�R�O�H�F�X�O�H�V�����<�R�X���Z�L�O�O��
�V�W�X�G�\���D�E�R�X�W���W�K�L�V���U�H�O�D�W�L�R�Q�V�K�L�S���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q������

1.5  SYMMETRY AND MOLECULAR PROPERTIES 

�7�K�H���S�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���D���F�R�P�S�R�X�Q�G���D�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���P�R�O�H�F�X�O�D�U���V�W�U�X�F�W�X�U�H��
�D�Q�G���W�R���D���J�R�R�G���H�[�W�H�Q�W���W�K�H���V�\�P�P�H�W�U�\���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H�L�U��
�S�U�R�S�H�U�W�L�H�V�����7�K�H���S�U�R�S�H�U�W�L�H�V���W�K�D�W���D�U�H���G�L�V�F�X�V�V�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�H�F�W�L�R�Q�V���D�U�H��
�W�K�H���D�E�L�O�L�W�\���W�R���U�R�W�D�W�H���W�K�H���S�O�D�Q�H���R�I���S�R�O�D�U�L�]�H�G���O�L�J�K�W�����W�K�H���D�E�L�O�L�W�\���W�R���G�L�V�S�O�D�\���S�H�U�P�D�Q�H�Q�W��
�G�L�S�R�O�H���P�R�P�H�Q�W������

1.5.1  Rotation of Plane Polarised Light 

�<�R�X���D�U�H���I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H���I�D�F�W���W�K�D�W���R�U�G�L�Q�D�U�\���O�L�J�K�W���F�R�Q�V�L�V�W�V���R�I���R�V�F�L�O�O�D�W�L�Q�J��
�H�O�H�F�W�U�L�F�D�O���D�Q�G���P�D�J�Q�H�W�L�F���I�L�H�O�G�V���R�U���Z�H���F�D�Q���V�D�\���W�K�H���Z�D�Y�H�V���Y�L�E�U�D�W�H���L�Q���D�O�O���G�L�U�H�F�W�L�R�Q�V��
�S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���E�H�D�P���R�I���O�L�J�K�W���E�H�D�P�����2�Q���S�D�V�V�L�Q�J���W�K�H��



 
 
Unit 1 Molecular Symmetry and Chirality 

��

������

�R�U�G�L�Q�D�U�\���O�L�J�K�W���W�K�U�R�X�J�K���D���G�H�Y�L�F�H���F�D�O�O�H�G��polarizer���L�W�V���R�V�F�L�O�O�D�W�L�R�Q�V���L�Q���D�O�O���E�X�W���R�Q�H��
�G�L�U�H�F�W�L�R�Q���D�U�H���E�O�R�F�N�H�G���D�Q�G���W�K�H���O�L�J�K�W���H�P�H�U�J�L�Q�J���I�U�R�P���W�K�H���S�R�O�D�U�L�V�H�U���R�V�F�L�O�O�D�W�H�V���L�Q��
�R�Q�O�\���R�Q�H���S�O�D�Q�H�����7�K�L�V���L�V���F�D�O�O�H�G���W�K�H��plane polarised light�����:�K�H�Q���W�K�L�V���S�O�D�Q�H��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W���L�V���S�D�V�V�H�G���W�K�U�R�X�J�K���V�R�O�X�W�L�R�Q���R�I���D�Q�\���R�S�W�L�F�D�O���D�F�W�L�Y�H���V�X�E�V�W�D�Q�F�H���W�K�H��
�S�O�D�Q�H���J�H�W�V���U�R�W�D�W�H�G���E�\���V�R�P�H���D�Q�J�O�H�����7�K�H���F�R�P�S�R�X�Q�G�V���W�K�R�V�H���U�R�W�D�W�H���W�K�H���S�O�D�Q�H���R�I��
�S�O�D�Q�H���S�R�O�D�U�L�V�H�G���O�L�J�K�W���W�R���W�K�H���U�L�J�K�W���D�U�H���F�D�O�O�H�G��dextrorotatory���D�Q�G���W�K�R�V�H���Z�K�L�F�K��
�U�R�W�D�W�H���L�W���L�Q���W�K�H���O�H�I�W���G�L�U�H�F�W�L�R�Q���D�U�H���F�D�O�O�H�G��laevorotatory�����<�R�X���K�D�Y�H���V�W�X�G�L�H�G���Z�K�\��
�F�R�P�S�R�X�Q�G�V���H�[�L�V�W���D�V���R�S�W�L�F�D�O���L�V�R�P�H�U�V�����7�K�H���D�Q�V�Z�H�U���L�V���N�Q�R�Z�Q���W�R���\�R�X�����L�W���L�V��
�E�H�F�D�X�V�H���R�I���W�K�H���F�K�L�U�D�O�L�W�\���L�Q���W�K�H���P�R�O�H�F�X�O�H����

�<�R�X���K�D�Y�H���V�W�X�G�L�H�G���K�R�Z���F�K�L�U�D�O�L�W�\���U�H�O�D�W�H�V���W�R���W�K�H���V�\�P�P�H�W�U�\���L�Q���W�K�H���P�R�O�H�F�X�O�H�����7�K�H��
�P�R�O�H�F�X�O�H�V���W�K�R�V�H���D�U�H���F�K�L�U�D�O�����F�D�Q���U�R�W�D�W�H���W�K�H���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����7�K�H���S�U�R�S�H�U�W�\��
�U�H�P�D�L�Q�V���X�Q�F�K�D�Q�J�H�G���X�Q�G�H�U���D���S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q�����U�R�W�D�W�L�R�Q�����E�X�W���F�K�D�Q�J�H�V���V�L�J�Q��
�X�Q�G�H�U���D�Q���L�P�S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q�����U�H�I�O�H�F�W�L�R�Q�������:�H���F�D�Q���V�D�\���W�K�D�W���D�Q���L�P�S�U�R�S�H�U��
�R�S�H�U�D�W�L�R�Q�����U�H�I�O�H�F�W�L�R�Q�����W�U�D�Q�V�I�R�U�P�V���R�Q�H���H�Q�D�Q�W�L�R�P�H�U���L�Q�W�R���D�Q�R�W�K�H�U������

1.5.2   Dipole Moment 

�<�R�X���N�Q�R�Z���W�K�D�W���W�K�H���G�L�S�R�O�H���P�R�P�H�Q�W���R�I���D���F�K�H�P�L�F�D�O���F�R�P�S�R�X�Q�G���L�V���G�X�H���W�R���D��
�G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H���F�K�D�U�J�H���G�L�V�W�U�L�E�X�W�L�R�Q���L�Q���L�W�V���P�R�O�H�F�X�O�H�V���Z�K�L�F�K���L�V���G�X�H���W�R���W�K�H��
�G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H���H�O�H�F�W�U�R�Q�H�J�D�W�L�Y�L�W�L�H�V���R�I���W�K�H���F�R�Q�V�W�L�W�X�H�Q�W���D�W�R�P�V�����7�K�H���P�R�O�H�F�X�O�H���D�V��
�D���Z�K�R�O�H���Z�L�O�O���K�D�Y�H���D���G�L�S�R�O�H���P�R�P�H�Q�W���R�Q�O�\���L�I���W�K�H���O�R�F�D�O���G�L�S�R�O�H���R�I���D���J�U�R�X�S���L�Q���R�Q�H��
�U�H�J�L�R�Q���L�V���Q�R�W���F�R�P�S�H�Q�V�D�W�H�G���E�\���D�Q���R�S�S�R�V�L�W�H���O�R�F�D�O���G�L�S�R�O�H���H�O�V�H�Z�K�H�U�H���L�Q���W�K�H��
�P�R�O�H�F�X�O�H�����6�\�P�P�H�W�U�\���S�U�R�S�H�U�W�L�H�V���D�U�H���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���L�Q�G�L�F�D�W�L�Q�J���Z�K�H�W�K�H�U���W�K�L�V���Z�L�O�O��
�R�U���Z�L�O�O���Q�R�W���E�H���W�K�H���F�D�V�H�����6�S�H�F�L�I�L�F�D�O�O�\�����L�I���D���P�R�O�H�F�X�O�H���K�D�V���D���F�H�Q�W�U�H���R�I���V�\�P�P�H�W�U�\��
�W�K�H�Q���W�R���H�D�F�K���O�R�F�D�O���G�L�S�R�O�H���W�K�H�U�H���Z�L�O�O���E�H���D���F�R�U�U�H�V�S�R�Q�G�L�Q�J���H�T�X�D�O���D�Q�G���R�S�S�R�V�L�W�H���R�Q�H����
�D�Q�G���W�K�H���R�Y�H�U�D�O�O���G�L�S�R�O�H���P�R�P�H�Q�W���Z�L�O�O���E�H���]�H�U�R�����,�I���D���P�R�O�H�F�X�O�H���K�D�V���D���&�Q���D�[�L�V�����W�K�H��
�F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���G�L�S�R�O�H���P�R�P�H�Q�W���Y�H�F�W�R�U���D�W���U�L�J�K�W���D�Q�J�O�H�V���W�R���W�K�H���D�[�L�V���D�Y�H�U�D�J�H�V���W�R��
�]�H�U�R���D�Q�G���W�K�H���P�R�O�H�F�X�O�H���F�D�Q�����D�W���E�H�V�W�����K�D�Y�H���D���P�R�P�H�Q�W���D�O�R�Q�J���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�K�H��
�D�[�L�V�����+�R�Z�H�Y�H�U�����W�K�L�V���F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���P�R�P�H�Q�W���Z�L�O�O���D�O�V�R���Y�D�Q�L�V�K���L�I���W�K�H�U�H���L�V���D��
�V�\�P�P�H�W�U�\���S�O�D�Q�H���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���D�[�L�V���R�U���W�K�H�U�H���L�V���D�W���O�H�D�V�W���R�Q�H���R�W�K�H�U���D�[�L�V��
�S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���I�L�U�V�W������

1.6  SYMMETRY AND CHIRALITY 

�<�R�X���K�D�Y�H���U�H�D�G���V�R�P�H���R�I���W�K�H���L�P�S�R�U�W�D�Q�W���F�R�Q�F�H�S�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���P�R�O�H�F�X�O�D�U��
�V�\�P�P�H�W�U�\���D�Q�G���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V�����7�K�L�V���L�V���Y�H�U�\���V�L�J�Q�L�I�L�F�D�Q�W���D�V���W�K�H��
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���V�\�P�P�H�W�U�\���K�H�O�S�V���W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���R�U���Q�R�W���D���P�R�O�H�F�X�O�H���Z�L�O�O��
�E�H���F�K�L�U�D�O�����:�H���Z�L�O�O���I�L�U�V�W���U�H�F�D�O�O���W�K�H���F�R�Q�F�H�S�W���R�I���F�K�L�U�D�O�L�W�\���D�Q�G���W�K�H�Q���U�H�O�D�W�H���L�W���W�R���W�K�H��
�V�\�P�P�H�W�U�\���L�Q���D���P�R�O�H�F�X�O�H����

1.6.1  Chirality 

�7�K�H���W�H�U�P���F�K�L�U�D�O�L�W�\���K�D�V���E�H�H�Q���G�H�U�L�Y�H�G���I�U�R�P���D���W�H�U�P���F�D�O�O�H�G��chiral���D�Q�G���W�K�H���W�H�U�P��
�F�K�L�U�D�O���L�V���G�H�U�L�Y�H�G���I�U�R�P���D���*�U�H�H�N���Z�R�U�G���&�K�H�L�U���Z�K�L�F�K���P�H�D�Q�V���K�D�Q�G�V�����:�K�D�W���K�D�V��
�F�K�L�U�D�O���D�Q�G���F�K�L�U�D�O�L�W�\���J�R�W���W�R���G�R���Z�L�W�K���W�K�H���K�D�Q�G�V�"��

�<�R�X���D�U�H���I�D�P�L�O�L�D�U���Z�L�W�K���D�Q�R�W�K�H�U���F�R�Q�F�H�S�W�����Y�L�]����non-superimposability�����:�H��
�R�E�V�H�U�Y�H���W�K�D�W���R�X�U���W�Z�R���K�D�Q�G�V���D�U�H���L�G�H�Q�W�L�F�D�O�����E�X�W���W�K�H�\���D�U�H���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H����
�7�K�L�V���S�U�R�S�H�U�W�\���Z�D�V���J�L�Y�H�Q���W�K�H���Q�D�P�H���D�V��handedness���R�U��chirality�����7�K�X�V����
�F�K�L�U�D�O�L�W�\���L�V���D���S�U�R�S�H�U�W�\���H�[�K�L�E�L�W�H�G���E�\���W�Z�R���V�X�E�V�W�D�Q�F�H�V���P�D�G�H���X�S���R�I���L�G�H�Q�W�L�F�D�O���S�D�U�W�V��
�E�X�W���D�U�H���Q�R�W���V�X�S�H�U�L�P�S�R�V�D�E�O�H���R�Q���H�D�F�K���R�W�K�H�U�����7�K�H���R�E�M�H�F�W�V���Z�K�L�F�K���F�D�Q�Q�R�W���E�H��



 
 
Block 1  

������

�V�X�S�H�U�L�P�S�R�V�H�G���R�Q���W�K�H�L�U���P�L�U�U�R�U���L�P�D�J�H�V���D�U�H���F�D�O�O�H�G��
�D�U�H���K�D�Q�G���J�O�R�Y�H�V�����V�F�U�H�Z����
�R�E�V�H�U�Y�H�G���H�Y�H�U�\���G�D�\
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Fig.1.27: Some chiral objects 
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Fig.1.28: Some achiral objects. 
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Fig. 1.29: Two isomers of 2-bromobutane.
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Unit 1 Molecular Symmetry and Chirality 
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1.6.2   Chirality vis-a-vis Symmetry Elements 
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�R�S�H�U�D�W�L�R�Q�����V�������Z�L�O�O���V�X�S�H�U�L�P�S�R�V�H���W�K�H���P�R�O�H�F�X�O�H���R�Q���L�W�V���U�H�I�O�H�F�W�L�R�Q�����7�K�X�V�����D�Q�\��
�P�R�O�H�F�X�O�H���Z�K�L�F�K���F�R�Q�W�D�L�Q�V���D���S�O�D�Q�H���R�I���V�\�P�P�H�W�U�\���P�X�V�W���E�H���D�F�K�L�U�D�O����

�,�Q���I�D�F�W�����D�Q�\���P�R�O�H�F�X�O�H���Z�K�L�F�K���F�R�Q�W�D�L�Q�V���L�Q���L�P�S�U�R�S�H�U���D�[�L�V���R�I���U�R�W�D�W�L�R�Q�����6�Q���D�[�L�V�������Z�L�O�O��
�E�H���D�F�K�L�U�D�O�����7�K�H���U�H�D�V�R�Q���I�R�U���W�K�L�V���L�V���W�K�D�W���D�Q���L�P�S�U�R�S�H�U���D�[�L�V���R�I���U�R�W�D�W�L�R�Q���L�V���W�K�H��
�S�U�R�G�X�F�W���R�I���D���S�U�R�S�H�U���U�R�W�D�W�L�R�Q�����&�Q�����I�R�O�O�R�Z�H�G���E�\���D���U�H�I�O�H�F�W�L�R�Q�����V�������D�V���G�H�D�O�W���L�Q��
�V�X�E�V�H�F�W�L�R�Q�����������������,�W���Z�D�V���D�O�V�R���V�K�R�Z�Q���L�Q���V�X�E�V�H�F�W�L�R�Q���������������W�K�D�W���D���S�O�D�Q�H���R�I��
�V�\�P�P�H�W�U�\�����V�����D�Q�G���F�H�Q�W�U�H���R�I���L�Q�Y�H�U�V�L�R�Q�����L�����D�U�H���M�X�V�W���V�S�H�F�L�D�O���F�D�V�H�V���R�I���D�Q���6�Q���D�[�L�V������
���6�����D�Q�G���6�����U�H�V�S�H�F�W�L�Y�H�O�\�������7�K�H���U�H�I�O�H�F�W�L�R�Q���S�D�U�W���R�I���W�K�H�V�H���R�S�H�U�D�W�L�R�Q�V���Z�L�O�O���D�O�Z�D�\�V��
�F�D�X�V�H���W�K�H���P�R�O�H�F�X�O�H���W�R���E�H���V�X�S�H�U�L�P�S�R�V�D�E�O�H���R�Q���L�W�V���P�L�U�U�R�U���L�P�D�J�H���D�Q�G���K�H�Q�F�H��
�D�F�K�L�U�D�O�����7�K�L�V���S�U�R�Y�L�G�H�V���D�Q���D�O�W�H�U�Q�D�W�L�Y�H���G�H�I�L�Q�L�W�L�R�Q���R�I���F�K�L�U�D�O�L�W�\������

Any molecule (or other object) which in all accessible conformations do 
not contain an improper axis of rotation (�6n, �Q > 0) is chiral.  

�$���F�R�Q�V�H�T�X�H�Q�F�H���R�I���W�K�H���G�H�S�H�Q�G�H�Q�F�H���R�I���F�K�L�U�D�O�L�W�\���R�Q���W�K�H���D�E�V�H�Q�F�H���R�I���D�Q���6�Q���D�[�L�V���L�V��
�W�K�D�W���D�Q�\���P�R�O�H�F�X�O�H���W�K�D�W���S�R�V�V�H�V�V�H�V���D�Q���6�Q���D�[�L�V�����R�U���D���S�O�D�Q�H���R�I���V�\�P�P�H�W�U�\���R�U���F�H�Q�W�H�U��
�R�I���V�\�P�P�H�W�U�\�����Z�L�O�O���E�H���D�F�K�L�U�D�O�����D�Q�G���D���P�R�O�H�F�X�O�H���L�Q���Z�K�L�F�K���6�Q���D�[�L�V���L�V���D�E�V�H�Q�W���Z�L�O�O���E�H��
�F�K�L�U�D�O������

�0�R�O�H�F�X�O�H�V���F�R�Q�W�D�L�Q�L�Q�J���D���V�L�Q�J�O�H���F�K�L�U�D�O���F�H�Q�W�U�H���D�U�H���D�O�Z�D�\�V���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���D�Q�G���O�H�D�G��
�W�R���D���S�D�L�U���R�I���H�Q�D�Q�W�L�R�P�H�U�V�����7�K�H�U�H���D�U�H���F�R�P�S�R�X�Q�G�V���Z�K�L�F�K���F�R�Q�W�D�L�Q���P�R�U�H���W�K�D�Q���R�Q�H��
�F�K�L�U�D�O���F�H�Q�W�U�H���E�X�W���V�W�L�O�O���D�U�H���R�S�W�L�F�D�O�O�\���L�Q�D�F�W�L�Y�H�����$�Q�\���S�D�L�U���R�I���F�R�Q�I�L�J�X�U�D�W�L�R�Q�D�O��
�V�W�H�U�H�R�L�V�R�P�H�U�V���W�K�D�W���D�U�H���Q�R�W���H�Q�D�Q�W�L�R�P�H�U�V���D�U�H���F�O�D�V�V�L�I�L�H�G���D�V���µdiastereoisomers’����
�(�Q�D�Q�W�L�R�P�H�U�V�����G�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���G�L�I�I�H�U���L�Q���S�K�\�V�L�F�D�O���D�Q�G���F�K�H�P�L�F�D�O���S�U�R�S�H�U�W�L�H�V���D�Q�G��
�E�H�K�D�Y�H���D�V���G�L�I�I�H�U�H�Q�W���F�R�P�S�R�X�Q�G�V�����:�H���Z�L�O�O���G�L�V�F�X�V�V���P�R�U�H���D�E�R�X�W���H�Q�D�Q�W�L�R�P�H�U�V���D�Q�G��
�G�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���L�Q���W�K�H���Q�H�[�W���X�Q�L�W����

�6�$�4������
�,�G�H�Q�W�L�I�\���W�K�H���Q�X�P�E�H�U���R�I���F�K�L�U�D�O���F�H�Q�W�U�H�V���L�Q���W�K�H���Q�D�W�H�J�O�L�Q�L�G�H���P�R�O�H�F�X�O�H�����J�L�Y�H�Q���E�H�O�R�Z����
�Z�K�L�F�K���L�V���D�Q���D�Q�W�L�G�L�D�E�H�W�L�F���G�U�X�J����

�1�D�W�H�J�O�L�Q�L�G�H

�2�+
�2

�1�+

�2

�&�+��

�&�+��

��

�,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���O�D�V�W���V�H�F�W�L�R�Q���O�H�W���X�V���V�X�P�P�D�U�L�V�H���Z�K�D�W���D�O�O���\�R�X���K�D�Y�H���O�H�D�U�Q�W���L�Q���W�K�L�V��
�X�Q�L�W���D�E�R�X�W���V�\�P�P�H�W�U�\���D�Q�G���F�K�L�U�D�O�L�W�\������

1.7   SUMMARY 
�x �7�K�H���X�Q�L�W���R�Q���P�R�O�H�F�X�O�D�U���V�\�P�P�H�W�U�\���D�Q�G���F�K�L�U�D�O�L�W�\���S�H�U�W�D�L�Q�V���W�R���W�K�H��

�V�W�H�U�H�R�F�K�H�P�L�V�W�U�\���R�I���R�U�J�D�Q�L�F���P�R�O�H�F�X�O�H�V���W�K�D�W���K�D�V���G�L�U�H�F�W���U�H�O�D�W�L�R�Q�V�K�L�S���Z�L�W�K���W�K�H��
�����G�L�P�H�Q�V�L�R�Q�D�O���V�W�U�X�F�W�X�U�H�V�����7�K�H�U�H���D�U�H���W�Z�R���P�D�L�Q���W�\�S�H�V���R�I���U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H��������������������



 
 
Block 1   Stereochemistry-I 

��

������

�����G�L�P�H�Q�V�L�R�Q�D�O���V�W�U�X�F�W�X�U�H�V���R�I���W�K�H�V�H���P�R�O�H�F�X�O�H�V���R�Q���D�������G�L�P�H�Q�V�L�R�Q�D�O���V�X�U�I�D�F�H��
�O�L�N�H���W�K�H���S�D�S�H�U���R�U���D���E�O�D�F�N�E�R�D�U�G���R�U���D���Z�K�L�W�H���E�R�D�U�G�����7�K�H�V�H���D�U�H���S�H�U�V�S�H�F�W�L�Y�H��
�W�\�S�H���W�K�D�W���L�Q�F�O�X�G�H�V���W�K�H���I�O�\�L�Q�J���Z�H�G�J�H���D�Q�G���W�K�H���]�L�J���]�D�J���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���D�Q�G��
�S�U�R�M�H�F�W�L�R�Q���W�\�S�H���W�K�D�W���L�Q�F�O�X�G�H�V���W�K�H���)�L�V�F�K�H�U�����W�K�H���1�H�Z�P�D�Q���D�Q�G���W�K�H���6�D�Z�K�R�U�V�H��
�S�U�R�M�H�F�W�L�R�Q�V����

�x �7�K�H���L�Q�W�H�U�F�R�Q�Y�H�U�V�L�R�Q���R�I���W�K�H���S�U�R�M�H�F�W�L�R�Q�V���L�V���H�V�V�H�Q�W�L�D�O���I�R�U���J�H�W�W�L�Q�J���D���U�H�T�X�L�U�H�G��
�L�Q�I�R�U�P�D�W�L�R�Q�����7�K�X�V���F�R�Q�Y�H�U�V�L�R�Q���R�I���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q���W�R���V�D�Z�K�R�U�V�H���D�Q�G���Y�L�F�H��
�Y�H�U�V�D�����V�D�Z�K�R�U�V�H���W�R���1�H�Z�P�D�Q���W�R���)�L�V�F�K�H�U���D�Q�G���Y�L�F�H���Y�H�U�V�D���L���H�����F�R�Q�Y�H�U�V�L�R�Q���R�I��
�)�L�V�F�K�H�U���W�R���V�D�Z�K�R�U�V�H���D�Q�G���1�H�Z�P�D�Q���S�U�R�M�H�F�W�L�R�Q�V���K�D�V���E�H�H�Q���G�H�D�O�W���E�\���W�D�N�L�Q�J��
�U�H�O�H�Y�D�Q�W���H�[�D�P�S�O�H�V����

�x �7�K�H���V�W�X�G�\���R�I���W�K�H���W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O���V�W�U�X�F�W�X�U�H�V���R�I���P�R�O�H�F�X�O�H�V���G�H�V�F�U�L�E�H�V���W�K�H��
�V�W�H�U�H�R�F�K�H�P�L�V�W�U�\���R�I���P�R�O�H�F�X�O�H�V���D�Q�G���W�K�H�L�U���H�[�L�V�W�H�Q�F�H���D�V���V�W�H�U�H�R�L�V�R�P�H�U�V�����7�K�H��
�V�W�H�U�H�R�L�V�R�P�H�U�V���D�U�H���F�O�D�V�V�L�I�L�H�G���L�Q�W�R���W�Z�R���W�\�S�H�V�����Y�L�]�������F�R�Q�I�L�J�X�U�D�W�L�R�Q�D�O���D�Q�G��
�F�R�Q�I�R�U�P�D�W�L�R�Q�D�O���L�V�R�P�H�U�V�����&�R�Q�I�L�J�X�U�D�W�L�R�Q�D�O���L�V�R�P�H�U�V���D�U�H���W�K�H���P�R�O�H�F�X�O�H�V���Z�K�L�F�K��
�K�D�Y�H���G�L�I�I�H�U�H�Q�W���D�U�U�D�Q�J�H�P�H�Q�W���R�I���D�W�R�P�V���D�Q�G���F�D�Q�Q�R�W���E�H���F�R�Q�Y�H�U�W�H�G���L�Q�W�R���H�D�F�K��
�R�W�K�H�U���Z�L�W�K�R�X�W���E�U�H�D�N�L�Q�J���D���E�R�Q�G�����7�K�H�V�H���D�U�H���I�X�U�W�K�H�U���F�O�D�V�V�L�I�L�H�G���D�V���J�H�R�P�H�W�U�L�F�D�O��
�D�Q�G���R�S�W�L�F�D�O���L�V�R�P�H�U�V�����7�K�H���P�R�O�H�F�X�O�H�V���W�K�D�W���K�D�Y�H���W�K�H���V�D�P�H���P�R�O�H�F�X�O�D�U���I�R�U�P�X�O�D��
�E�X�W���K�D�Y�H���D���G�L�I�I�H�U�H�Q�W���D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���D�W�R�P�V���L�Q���V�S�D�F�H���D�U�H���F�D�O�O�H�G���R�S�W�L�F�D�O��
�L�V�R�P�H�U�V�����7�K�H���R�S�W�L�F�D�O���L�V�R�P�H�U�V���D�U�H���I�X�U�W�K�H�U���F�O�D�V�V�L�I�L�H�G���D�V���H�Q�D�Q�W�L�R�P�H�U�V���D�Q�G��
�G�L�D�V�W�H�U�H�R�P�H�U�V�����7�K�H���F�R�Q�I�R�U�P�D�W�L�R�Q�D�O���L�V�R�P�H�U�V���D�U�H���G�L�I�I�H�U�H�Q�W���U�H�O�D�W�L�Y�H��
�D�U�U�D�Q�J�H�P�H�Q�W�V���R�I���D�W�R�P�V���R�E�W�D�L�Q�H�G���E�\���W�K�H���U�R�W�D�W�L�R�Q���D�F�U�R�V�V���V�L�Q�J�O�H���E�R�Q�G�V���L�Q���W�K�H��
�P�R�O�H�F�X�O�H������

�x �7�K�H���V�\�P�P�H�W�U�\���R�I���D���P�R�O�H�F�X�O�H���L�V���G�H�V�F�U�L�E�H�G���L�Q���W�H�U�P�V���R�I���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V����
�7�K�H���R�S�H�U�D�W�L�R�Q�V���S�H�U�I�R�U�P�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���S�U�H�V�H�Q�F�H���R�I���V�\�P�P�H�W�U�\��
�H�O�H�P�H�Q�W�V���D�U�H���F�D�O�O�H�G���V�\�P�P�H�W�U�\���R�S�H�U�D�W�L�R�Q�V�����$���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W���F�D�Q���E�H���D��
�J�H�R�P�H�W�U�L�F���O�L�Q�H�����S�O�D�Q�H���R�U���S�R�L�Q�W���Z�L�W�K���U�H�V�S�H�F�W���W�R���Z�K�L�F�K���R�Q�H���R�U���P�R�U�H���V�\�P�P�H�W�U�\��
�R�S�H�U�D�W�L�R�Q�V���D�U�H���S�H�U�I�R�U�P�H�G�����7�K�H���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W�V���D�U�H���R�I���I�R�X�U���W�\�S�H�V����
�7�K�H�V�H���D�U�H�����5�R�W�D�W�L�R�Q�D�O���R�U���S�U�R�S�H�U���D�[�L�V���R�I���V�\�P�P�H�W�U�\�����&�Q�������3�O�D�Q�H���R�I���V�\�P�P�H�W�U�\��
���1�������&�H�Q�W�U�H���R�I���V�\�P�P�H�W�U�\���R�U���F�H�Q�W�U�H���R�I���L�Q�Y�H�U�V�L�R�Q�����L�������$�O�W�H�U�Q�D�W�L�Q�J���R�U���L�P�S�U�R�S�H�U��
�D�[�L�V���R�I���V�\�P�P�H�W�U�\�����6�Q�������7�K�H���L�G�H�Q�W�L�F�D�O���R�S�H�U�D�W�L�R�Q�����(�����L�V���W�K�H���S�U�R�F�H�V�V���R�I���G�R�L�Q�J��
�Q�R�W�K�L�Q�J���W�R���D���P�R�O�H�F�X�O�H�����D�Q�G���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���V�\�P�P�H�W�U�\���H�O�H�P�H�Q�W���L�V���W�K�H��
�L�G�H�Q�W�L�W�\���H�O�H�P�H�Q�W�����(������

�x �$���P�R�O�H�F�X�O�H���F�R�Q�W�D�L�Q�V���D�Q�\���R�I���W�K�H���H�O�H�P�H�Q�W�V���R�I���V�\�P�P�H�W�U�\�����V�����L���R�U���6�Q�������L�W���Z�L�O�O���E�H��
�F�D�O�O�H�G���D���V�\�P�P�H�W�U�L�F���P�R�O�H�F�X�O�H�����,�I���D�O�W�H�U�Q�D�W�L�Q�J���D�[�L�V���R�I���V�\�P�P�H�W�U�\���D�Q�G���V�L�P�S�O�H��
�D�[�L�V���R�I���V�\�P�P�H�W�U�\�����E�R�W�K���D�U�H���D�E�V�H�Q�W�����W�K�H�V�H���P�R�O�H�F�X�O�H�V���D�U�H���F�D�O�O�H�G���D�V��
�D�V�\�P�P�H�W�U�L�F���D�Q�G���W�K�H�\���D�U�H���X�V�X�D�O�O�\���D�F�W�L�Y�H�����%�X�W���L�I���V�L�P�S�O�H���D�[�L�V���R�I���V�\�P�P�H�W�U�\���L�V��
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�W�Z�R���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P�V���W�K�H�U�H�I�R�U�H�����W�K�H���Q�X�P�E�H�U���R�I���S�R�V�V�L�E�O�H���V�W�H�U�H�R�L�V�R�P�H�U�V��
�V�K�R�X�O�G���E�H���H�T�X�D�O���W�R���������7�K�H�V�H���L�V�R�P�H�U�V���D�U�H���Z�U�L�W�W�H�Q���L�Q���)�L�V�F�K�H�U���S�U�R�M�H�F�W�L�R�Q���D�V���F�D�Q��
�E�H���V�H�H�Q���L�Q���)�L�J��������������
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�W�K�H���W�Z�R���V�W�U�X�F�W�X�U�H�V���D�V���Z�D�V���V�K�R�Z�Q���Z�K�L�O�H���V�W�X�G�\�L�Q�J���R�S�W�L�F�D�O���L�V�R�P�H�U�V������

��

�%�U�+

�&�+��

�%�U �+

��

�%�U �+

�&�+��

�%�U�+

�&�+���&�+��

�+ �%�U

�&�+��

�%�U�+

��

�+�%�U

�&�+��

�%�U �+

�&�+���&�+��

� , � ,� ,�,�,�, �,�9

���&�+���&�+�� ���&�+���&�+��

��

���)�L�J���������������6�W�H�U�H�R�L�V�R�P�H�U�V���R�I�����������G�L�E�U�R�P�R�S�H�Q�W�D�Q�H����

�)�L�U�V�W���Z�H���G�U�D�Z���D���F�R�Q�I�L�J�X�U�D�W�L�R�Q���,���D�Q�G���W�K�H�Q���L�W�V���P�L�U�U�R�U���L�P�D�J�H���,�,�����,�W���L�V���R�E�V�H�U�Y�H�G���W�K�D�W��
�W�K�H���W�Z�R���V�W�U�X�F�W�X�U�H�V���,���D�Q�G���,�,���D�U�H���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H�����K�H�Q�F�H���W�K�H�\���U�H�S�U�H�V�H�Q�W���D��
�S�D�L�U���R�I���H�Q�D�Q�W�L�R�P�H�U�V���D�Q�G���E�R�W�K���R�I���W�K�H�V�H���Z�L�O�O���E�H���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H�����,�I���Z�H���L�Q�W�H�U�F�K�D�Q�J�H��
�W�K�H���E�U�R�P�L�Q�H���D�Q�G���K�\�G�U�R�J�H�Q���D�W���V�H�F�R�Q�G���F�D�U�E�R�Q���L���H�������L�Q�Y�H�U�W���W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q�����Z�H��
�J�H�W���D���V�W�U�X�F�W�X�U�H���W�K�D�W���L�V���G�L�I�I�H�U�H�Q�W���I�U�R�P���,���D�Q�G���,�,���D�Q�G���V�K�R�Z�Q���D�V���V�W�U�X�F�W�X�U�H���,�,�,�����7�K�H�Q��
�Z�H���Z�U�L�W�H���D���V�W�U�X�F�W�X�U�H���W�K�D�W���L�V���D���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H���P�L�U�U�R�U���L�P�D�J�H���R�I���,�,�,�����V�K�R�Z�Q���D�V��
�V�W�U�X�F�W�X�U�H���,�9�����$�V���F�D�Q���E�H���V�H�H�Q�����V�W�U�X�F�W�X�U�H���,�9���L�V���D�O�V�R���G�L�I�I�H�U�H�Q�W���I�U�R�P���,���D�Q�G���,�,�����<�R�X��
�F�D�Q���V�D�\���W�K�D�W���W�K�H���F�R�P�S�R�X�Q�G�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���V�W�U�X�F�W�X�U�H�V���,���±���,�9���D�U�H���D�O�O���R�S�W�L�F�D�O�O�\��
�D�F�W�L�Y�H���F�R�P�S�R�X�Q�G�V�����7�K�H���F�R�P�S�R�X�Q�G�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���V�W�U�X�F�W�X�U�H�V���,�����,�,���D�Q�G���,�,�,���,�9��
�D�U�H���S�D�L�U�V���R�I���H�Q�D�Q�W�L�R�P�H�U�V������
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�D�Q�G���,�,�,�"���:�H���F�D�Q���D�Q�V�Z�H�U���W�K�L�V���T�X�H�V�W�L�R�Q���E�\���R�E�V�H�U�Y�L�Q�J���W�K�D�W���,���D�Q�G���,�,�,���D�U�H��
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�7�K�X�V�����G�L�D�V�W�H�U�H�R�P�H�U�V���F�D�Q���E�H���G�H�I�L�Q�H�G���D�V���W�K�H���S�D�L�U���R�I���V�W�H�U�H�R�L�V�R�P�H�U�V���Z�K�L�F�K���G�R���Q�R�W��
�K�D�Y�H���P�L�U�U�R�U���L�P�D�J�H���U�H�O�D�W�L�R�Q�V�K�L�S���Z�L�W�K���H�D�F�K���R�W�K�H�U�����7�K�H���S�U�R�S�H�U�W�L�H�V���R�I��
�G�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���D�U�H���O�L�V�W�H�G���E�H�O�R�Z����

������ �'�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���P�D�\���R�U���P�D�\���Q�R�W���E�H���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���D�Q�G���L�I���R�S�W�L�F�D�O�O�\��
�D�F�W�L�Y�H�����W�K�H�V�H���K�D�Y�H���G�L�I�I�H�U�H�Q�W���Y�D�O�X�H�V���I�R�U���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q����

������ �7�K�H�V�H���S�R�V�V�H�V�V���G�L�I�I�H�U�H�Q�W���S�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V���V�X�F�K���D�V���P���S�������V�R�O�X�E�L�O�L�W�\�����H�W�F����

�������������'�X�H���W�R���W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H�L�U���S�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V�����W�K�H�V�H���P�D�\���E�H���V�H�S�D�U�D�W�H�G��
�E�\���I�U�D�F�W�L�R�Q�D�O���F�U�\�V�W�D�O�O�L�V�D�W�L�R�Q�����I�U�D�F�W�L�R�Q�D�O���G�L�V�W�L�O�O�D�W�L�R�Q���R�U���E�\���F�K�U�R�P�D�W�R�J�U�D�S�K�L�F��
�W�H�F�K�Q�L�T�X�H�V����

�������������'�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���G�L�I�I�H�U���L�Q���V�R�P�H���F�K�H�P�L�F�D�O���S�U�R�S�H�U�W�L�H�V���D�O�V�R�����7�K�H�V�H���P�D�\��
�G�L�I�I�H�U���L�Q���W�K�H���U�D�W�H���R�I���U�H�D�F�W�L�R�Q���Z�L�W�K���W�K�H���V�D�P�H���U�H�D�J�H�Q�W����
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�E�H���V�H�H�Q���E�\���W�K�H���V�W�U�X�F�W�X�U�H���J�L�Y�H�Q���L�Q���)�L�J���������������L�W���F�R�Q�W�D�L�Q�V���W�Z�R���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q��
�D�W�R�P�V�����7�K�H�U�H�I�R�U�H�����W�K�H���Q�X�P�E�H�U���R�I���S�R�V�V�L�E�O�H���V�W�H�U�H�R�L�V�R�P�H�U�V���L�V��������� ���������7�K�H�V�H���F�D�Q��
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���'�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���,�,�����,�9��
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�<�R�X���F�D�Q���S�U�D�F�W�L�F�H���G�U�D�Z�L�Q�J���W�K�H���H�Q�D�Q�W�L�R�P�H�U�V���D�Q�G���G�L�D�V�W�H�U�H�R�L�V�R�P�H�U�V���R�I���V�R�P�H��
�R�W�K�H�U���P�R�O�H�F�X�O�H�V�����2�Q�H���V�X�F�K���H�[�D�P�S�O�H���L�V���J�L�Y�H�Q���D�V���6�$�4�������D�W���W�K�H���H�Q�G���R�I���Q�H�[�W��
�V�X�E�V�H�F�W�L�R�Q�����,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�H�F�W�L�R�Q���\�R�X���Z�R�X�O�G���V�W�X�G�\���W�R���L�G�H�Q�W�L�I�\���W�K�H���L�V�R�P�H�U�V��
�L�Q���F�D�V�H���R�I���P�R�O�H�F�X�O�H�V���W�K�D�W���K�D�Y�H���V�L�P�L�O�D�U���V�W�H�U�H�R�J�H�Q�L�F���F�H�Q�W�U�H�V����

���������������0�H�V�R���&�R�P�S�R�X�Q�G�V�����6�L�P�L�O�D�U���6�W�H�U�H�R�J�H�Q�L�F���&�H�Q�W�U�H�V��

�:�H���F�R�Q�V�L�G�H�U���P�R�O�H�F�X�O�H�V���Z�L�W�K���W�Z�R���V�W�H�U�H�R�J�H�Q�L�F���F�H�Q�W�U�H�V���Z�K�L�F�K���F�D�U�U�\���D�Q���L�G�H�Q�W�L�F�D�O��
�V�H�W���R�I���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���H�D�F�K���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q���D�W�R�P�����/�R�R�N���D�W���W�K�H���V�W�U�X�F�W�X�U�H���R�I��
�W�D�U�W�D�U�L�F���D�F�L�G���L���H���������������G�L�K�\�G�U�R�[�\�E�X�W�D�Q�H�G�L�R�L�F���D�F�L�G�����<�R�X���N�Q�R�Z���W�K�D�W���L�W���K�D�V���W�Z�R���F�K�L�U�D�O��
�F�H�Q�W�U�H�V�����+�R�Z���L�V���W�K�L�V���V�W�U�X�F�W�X�U�H���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���V�W�U�X�F�W�X�U�H�V���R�I���P�R�O�H�F�X�O�H�V��
�F�R�Q�V�L�G�H�U�H�G���D�E�R�Y�H���L�Q���V�X�E�V�H�F�W�L�R�Q�������������"����

�/�H�W���X�V���X�Q�G�H�U�V�W�D�Q�G���L�W���E�\���G�U�D�Z�L�Q�J���W�K�H���Y�D�U�L�R�X�V���S�R�V�V�L�E�O�H���V�W�H�U�H�R�L�V�R�P�H�U�V���I�R�U���W�D�U�W�D�U�L�F��
�D�F�L�G�����<�R�X���F�D�Q���V�H�H���I�U�R�P���)�L�J�������������W�K�D�W���R�I���W�K�H���S�R�V�V�L�E�O�H���L�V�R�P�H�U�V�����,���D�Q�G���,�,���U�H�S�U�H�V�H�Q�W��
�D���S�D�L�U���R�I���H�Q�D�Q�W�L�R�P�H�U�V���D�Q�G���,�,�,���D�Q�G���,�9���U�H�S�U�H�V�H�Q�W���D�Q�R�W�K�H�U���S�D�L�U���R�I���H�Q�D�Q�W�L�R�P�H�U�V����
�:�K�H�Q���\�R�X���O�R�R�N���P�R�U�H���F�O�R�V�H�O�\���D�W���V�W�U�X�F�W�X�U�H�V���,�,�,���D�Q�G���,�9�����\�R�X���F�D�Q���V�H�H���W�K�D�W���W�K�H�V�H��
�D�U�H���L�G�H�Q�W�L�F�D�O���E�H�F�D�X�V�H���W�K�H�V�H���D�U�H���V�X�S�H�U�L�P�S�R�V�D�E�O�H���R�Y�H�U���H�D�F�K���R�W�K�H�U�����7�K�H�U�H�I�R�U�H����
�Z�H���F�D�Q���V�D�\���W�K�D�W���W�K�H���V�W�U�X�F�W�X�U�H���,�,�,���L�V���D�F�K�L�U�D�O���G�H�V�S�L�W�H���F�R�Q�W�D�L�Q�L�Q�J���W�Z�R���V�W�H�U�H�R�J�H�Q�L�F��
�F�H�Q�W�U�H�V����

�6�R�P�H���P�R�O�H�F�X�O�H�V���D�U�H��
�D�F�K�L�U�D�O���H�Y�H�Q���W�K�R�X�J�K��
�W�K�H�V�H���F�R�Q�W�D�L�Q���P�R�U�H��
�W�K�D�Q���R�Q�H���F�K�L�U�D�O��
�F�H�Q�W�U�H����
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