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UNIT 02: Isomerism 
 

Isomers are compounds with the same molecular formula, but that have either different molecular 

structures (where the atoms are connected to one another differently) or where the same connectivity 

exists, but a different arrangement in space is observed. The figure below shows the relationship between 

the different types of isomerism that you will encounter in this UNIT. 

 

 
 

• Structural Isomerism (also known as constitutional isomerism) Compounds with the same 

molecular formula but different structural formula, i.e., the atoms have different connectivity. 

 

Chain Isomerism: Same functional groups present but different longest chain lengths. 

 

e.g., both butane and 2-methylpropane have the molecular formula C4H10, but they have different chain 

lengths. 

 

  
 

Task 2a 

 

1. Draw the structures of these chain isomers; pentane, 2-methylbutane and 2,2-
 dimethylpropane. 

 

2. Hexane can exist as a number of different isomers with varying, longest chain lengths. Draw 

and name all of the isomers of hexane. 

 

3. There are seventy-five chain isomers of decane. The IUPAC names of only four of them end in 

‘nonane’ and only seven end in ‘pentane’. Find those eleven isomers.  
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Positional Isomerism: Same functional groups or features present but in different positions on the chain. 

 

e.g., 1-chlorobutane and 2-chlorobutane have the same molecular formula C4H9Cl, but they have the 

chlorine atoms at different positions on the carbon chain. 

 

 

  
 

Task 2b 

 

1. Draw the structures of these positional isomers; butan-1-ol and butan-2-ol. 

 

2. Why do butan-3-ol and butan-4-ol not exist in IUPAC nomenclature? 
 

3. How many positional isomers exist for methylphenol? Name and draw them. 

 

4. Suggest positional isomers for the molecular formula C4H8Br2. (There are nine). 

 

Functional Group Isomerism: Different functional groups present. 

 
E.g., hex-1-ene and cyclohexane have the same molecular formula C6H12, but one is a cycloalkane and 

one is an alkene, i.e., they have different functional groups. 

 

 
 

 

Task 2c 
 

1. Draw the structures of these functional group isomers; ethanol and methoxymethane. 

 (methoxy is CH3O-). 

 

2. Draw two structures, each with the formula C5H10 that have different functional groups. 

 

3. Aldehydes and ketones can be functional group isomers of one another. Illustrate such an 

example using the molecular formula C6H12O.  
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• Stereoisomerism. Compounds with the same molecular formula and the same structural 

formula, but with different arrangements in space, are called stereoisomers. The atoms have the 

same connectivity. 

 

Geometrical Isomerism (cis/trans): Caused by non-rotation of the double bond. 

 

e.g., in but-2-ene the pi-bond restrictions the rotation of the double bond creating two isomers that cannot 

easily be converted from one to the other. 

 

Structure 

  

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

Melting point in oC -139 -105 

Boiling point in oC 4 1 

Density in gcm-3 0.621 0.604 

 

These compounds are different from one another since the C=C double bond cannot easily rotate, and as 

a result the atoms are arranged differently in space. The chemical and physical properties can differ as a 

result. The ‘cis’ isomer has similar groups (CH3) on the same side of the molecule. The ‘trans’ isomer has 

similar groups (CH3) on opposite sides of the molecule. 
 

Task 2d 

 

Predict and explain which geometric isomer of butenedioic acid, would form the compound 

butenedioic anhydride (shown below), most readily via a dehydration (removal of water) reaction. 

 

 
 

butenedioic anhydride 
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CH3CH3

H

CC

CH3

HCH3

H

O

O

O

H H



 
© Adrian Dingle’s Chemistry Pages and ChemEducator LLC 2014 – All rights reserved 

 

5 
7/13/16 11:07 AM 

The E-Z Convention (Cahn-Ingold-Prelog, CIP system) 

 

Sometimes it is not sufficient to use the cis/trans convention to distinguish between geometric isomers 

since there is ambiguity introduced. As a result, another method must be used. 

 

The two groups attached to each carbon around the double bond are each assigned a priority. Priority is 

assigned according to atomic number, the higher the atomic number the higher the priority.  As a result, 

hydrogen always has the lowest priority. If there are two identical atoms attached to the stereocenter (for 

example the C of a methyl group and the C of an ethyl group), then work along the chain of the attached 

group until a difference occurs. 

 

If the two higher priority groups are on the same side of the double bond, then the molecule is given the 

‘Z’ convention. If the two higher priority groups are on opposite sides of the double bond, then the 

convention is ‘E’. 

 

Task 2e 

 

1. Draw the structure of both (E)-3-ethyl-1-phenyl-3-penten-2-one and (Z)-3-ethyl-1-phenyl-3-

penten-2-one 

 

2. Why is it not possible to distinguish the two geometric isomers of 1-chloro-1-bromo-2-

 iodoethene using the cis/trans nomenclature? 
 

3. Draw the E and Z structures of the compound named in Q2 above. 
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Optical Isomerism: Non-superimposable mirror images resulting from chiral centers 

 

If a carbon atom has four different groups attached to it, it is said to be chiral or stereogenic. The 

molecule is said to possess chirality and to have a stereogenic center (also known as a stereocenter). 

Molecules with chiral centers have non-superimposable mirror images. 

 

e.g., consider a molecule, X, with a carbon center and four different groups (a, b, c & d) attached. 

 

 

 
When X is rotated through 180o (giving Z) the new molecule cannot be superimposed on Y (X’s mirror 

image). 

 
X and Y are non-superimposable mirror images, and the molecule is said to be chiral. Chiral molecules 

can also be recognized by their lack of a plane of symmetry. A molecule that has a plane of symmetry will 

be achiral. 

 

Task 2f 

 
1. Using a mirror plane, draw 3D representations of the two isomers of; 

 

 (a) 2-aminopropanoic acid 

 (b) 2-bromobutane 

a

cbd

a

cb d

mirror plane

a

bc d

non-superimposible

rotate through 180 degrees

X Y Z
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Chiral molecules will rotate plane-polarized light by equal amounts but in different directions. If the light is 

deflected to the right the substance is said to be dextrorotatory (d+); if it is deflected to the left it is 

laevorotatory (l-). The isomers are said to be optically active. The two non-superimposable mirror 

images are called enantiomers or enantiomorphs. An equimolar mixture of each enantiomer is optically 

inactive since the rotations cancel out. It is called a racemic or +/- or d/l mixture. Separation of a racemic 

mixture into its pure enantiomers is called resolution. 

 

Enantiomers have the same chemical and physical properties (except the way they rotate light), BUT can 

react with other molecules that are enantiomers themselves, in markedly different ways. Since many 

molecules in the body are chiral, there can be significant differences (with serious consequences) in the 

way that each enantiomer of a chiral drug interacts in the body. The most infamous example of this is 

thalidomide. 

 

The R-S Convention 

 

Enantiomers can be distinguished from one another using the R-S convention and the CIP system 

described above. The four groups surrounding the stereocenter a given a priority from a (the highest) 

through b and c to d (the lowest). The molecule is then observed from the side directly opposite the 

lowest priority group. If the remaining three groups form a clockwise array (from aèbèc) then the 

molecule is given the ‘R’ convention; if it anti-clockwise (from aèbèc) then the convention is ‘S’. 
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Conformers: Caused by rotation of a single bond. 

 

Molecules with carbon atoms connected by single bonds have the ability to rotate and form different 

conformations or conformers. Conformers are stereoisomers of one another and can be distinguished by 

using Newman Projections. In a Newman Projection a large circle represents the ‘back’ carbon of a pair 

of connected C atoms. The center of the three-pointed line drawing that is superimposed on the circle 

represents the ‘front’ C of the same pair. For example, here are two Newman projections for ethane, 

C2H6. 

 

Staggered Eclipsed 

 

 

60o angle between H’s 0o angle between H’s 

(shown slightly skewed to illustrate the fact that 

there are six H atoms) 

 

The staggered conformation is the most stable since in the eclipsed conformation there is greater 

repulsion between the H atoms. 

 

Now imagine the rear circle and three attached hydrogen atoms staying in a fixed position, and the three 

‘front’ hydrogen atoms rotating. An infinite number of conformations can exist as the single bond rotates. 

 

The Newman projections for butane, with the rotation about the second and third carbon, introduce some 

additional nomenclature that you should be aware of. Consider these four Newman projections of butane, 

where the 1st and 3rd are staggered, and the 2nd and 4th are considered eclipsed. 

 

 
 

In order to distinguish between the staggered structures, the first is called gauche, and the third is called 

anti. 

H

H

H

H

H

H

HH

HHHH
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Task 2g 

 

1. Based upon predicted strength of repulsion, assign relative stability to each of Newman 

projections above. 

 

2. Draw four Newman projections, starting with a staggered conformation and then each 

subsequent projection being a 60-degree rotation from the former, for pentane, caused by 
rotation about the first C-C bond. 

 

The following task should helps to summarize many of the concepts discussed in this topic. 

 

Task 2h 

 

1. Give the names for; 
 

 (a) Four isomers with the molecular formula C3H6Cl2 

 (b) Five isomers with the molecular formula formula C4H8 

 (c) Four isomers with the molecular formula C4H9Br                                             

 (d) Six isomers, in which one methyl (-CH3) and two nitro (-NO2) groups are    

  positioned around a benzene ring 

 

2. Several compounds have the molecular formula C2H4O2. Give names for; 
 

 (a) Three functional group isomers each containing a carbonyl group, C=O 

 (b) Three other isomers, each containing a C=C bond 

 (c) How are compounds in (a) related to those in (b)? 

 

3. The molecular formulae of two compounds are given below. Name all of the possible isomers 

of each formula, and classify them (if any) by the type of isomerism. 

 
 (a) C2H2Br2 

 (b) C2H3Cl 

 

4. Draw “mirror-image” structures for the optical isomers of the following. 

 

 (a) C3H6O3 

 (b) C4H10O 
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 (c) C3H5NO 

 (d) C4H9Cl 

 (e)  All four structures in (a) through (d) have a common feature. What is it? 

 

5. Determine the configuration (R or S) of the stereogenic center of the molecule below. 

 

 
 
 

One final note about isomers and drawing them. Just because it is possible to draw an isomer, it doesn’t 

necessarily mean that isomer exists or that it is particularly stable. For example, it is possible to draw a 

structure of C3H6 where the atoms are joined together in a triangle, i.e., cyclopropane, but that structure is 

relatively unstable. Why? Well the ideal bond angle around carbon atoms is 109.5° but in the 

cyclopropane structure it is 60°. The introduces what is know as angle strain, and tends to make the 

cyclopropane relatively reactive and unstable. 

 

HOH
CH3

OHC


