CHEMISTRY — SECOND YEAR

CHAPTER 149.9
ISOMERISM

Colorful Concept Notes » SLOs * Key Definitions * MCQs * Short

Questions

SLO-BASED REVISION NOTES

CORE IDEA
Isomers have the same molecular formula but different arrangement of atoms and may

therefore have different properties.

1. STUDENT LEARNING OUTCOMES (SLOs)

Define isomers and isomerism and distinguish constitutional isomerism from stereoisomerism.

Classify constitutional isomers into chain, position, functional, metameric and tautomeric

forms.

Explain optical isomerism, optical activity, chirality, chiral carbon, enantiomers, racemic

mixtures and meso forms.

Explain cis—trans isomerism and the role of restricted rotation around a C=C double bond.

State the necessary and sufficient condition for cis—trans isomerism in an open-chain

compound.

2. WHAT IS ISOMERISM?

DEFINITION



Two or more compounds having the same molecular formula but different arrangement of

atoms and different properties are called ISOMERS. The phenomenon is called ISOMERISM.

Two major sources of isomerism

Constitutional / Structural isomerism Stereoisomerism
Same groups or atoms are connected at Bond connectivity is the same, but groups
different places. Bond connectivity is different. have different spatial arrangements.

3. CLASSIFICATION OF ISOMERISM

CONSTITUTIONAL ISOMERS STEREOISOMERS

* Chain isomers

L * Conformational isomers
* Position 1somers . . .
, , * Configurational isomers
* Functional isomers L
— Optical isomers
* Metamers . . .
— Geowmetrical / cis—trans isomers
* Tautomers

EXAM DISTINCTION

Conformational isomers interconvert by rotation around single bonds without breaking bonds.

Configurational isomers cannot interconvert by simple rotation; bond breaking is required.

4. STEREOISOMERISM

o Stereoisomers have the same molecular formula and the same bond connectivity.
o They differ in the three-dimensional or spatial orientation of atoms/groups.

e The two important forms emphasized here are optical isomerism and cis—trans isomerism.

Feature Optical isomerism Cis—trans isomerism

. ) Chirality / mirror-image ) )
Main basis ) ) Restricted rotation around C=C
velationship
Key terms Enantiomer, racemic, meso Cis, trans
.. Non-superimposable mirror Two different groups on each
Important condition )
image alkene carbon

5. OPTICAL ISOMERISM & OPTICAL ACTIVITY



Optical isomers are stereoisomers associated with the ability to rotate the plane of plane -

polarised light (PPL).

Dextrorotatory (+): rotates PPL to the right / clockwise.

Levorotatory (-): rotates PPL to the left / anticlockwise.

A polarimeter is used to identify and quantitatively measure optical activity.

Plane-polarised light has oscillations restricted to one plane.

POLARIMETER
Light — Polarizer — Plane-polarised light — Sample — Analyzer / detector

6. CHIRALITY & CHIRAL CARBON

CHIRAL CARBON

A carbon atom bearing four different atoms or groups of atoms is called a chiral carbon.

A chiral wolecule is non-superimposable on its mirror image.

Chirality is also called handedness; the term is derived from the Greek word cheir, meaning
hand.

Right and. left hands are a useful analogy because they are mirror images but cannot be

perfectly superimposed.

Molecules that are superimposable on their mirvor images are achiral and optically inactive.

REMEMBER

One chiral carbon makes a molecule chiral. With multiple chival centres, symmetry must also

be considered.

7. ENANTIOMERS

DEFINITION

Enantiomers are stereoisomers that are non-superimposable mirror images of each other.

e Enantiomers have identical physical and chemical properties in an achiral environment.

e They rotate plane-polarised light in opposite directions by equal amounts.



o One may be dextrorotatory (+), while the other is levorotatory (-).

e Lactic acid is a classic example discussed in this topic.

8. RACEMIC MIXTURE

DEFINITION

A racemic mixture contains 50% dextrorotatory (+) enantiomer and 50% levorotatory (-)

enantiomer.

e The equal and opposite rotations cancel.
e The mixture is therefore optically inactive.

e Racemic mixtures are represented by the symbol (+) before the compound name.

EXAM POINT
Optically inactive does NOT always mean achiral. A racemic mixture is inactive because of

cancellation between enantiomers.

9. MESO ISOMERS

DEFINITION

Meso stereoisomers contain at least two similar chiral carbon atoms and possess a plane of

symmetry.

The plane of symmetry divides the molecule into two equal halves.

The two halves produce equal and opposite optical effects.

This is called internal compensation.

Meso compounds are optically inactive despite containing chival centres.

Tartaric acid is the classic example.

10. NUMBER OF OPTICAL ISOMERS

FORMULA

Maximum number of optical isomers = 2", where n = number of chiral carbon atoms.

e Ifn=1-> maximum = 2.



e Ifn=2> maximum = 4.

o If symmetry produces meso forms, the actual number can be lower than 2.

o Therefore, 2" (s a maximum, not an unconditional count.

11. CIS-TRANS ISOMERISM

DEFINITION

Stereoisomers having different spatial arrangements because of restricted rotation about a

double bond in open-chain compounds are called cis—trans isomers.

CIS-BUT-2-ENE

CHs CHs
\ /
c=¢C
/ N\

H H

Similar groups on SAME side.

TRANS-BUT-2-ENE |

CHs H
N\ /
c=¢C
/ N\
H CHs
Similar groups on OPPOSITE sides.
12. WHY IS ROTATION AROUND C=C RESTRICTED?

e A C=C double bond contains one o bond and one 1t bond.

e The 1 bond results from parallel overlap of p orbitals.

e Rotation around the double bond would disrupt this 1 overlap.

e Significant energy is required to break the  bond; the supplied text gives about 263 kJ

mol!.

o Therefore, free rotation around C=C does not occur at room temperature.

e This restriction allows cis and trans forms of suitable alkenes to exist.

13. NECESSARY & SUFFICIENT CONDITION FOR CIS-TRANS

RULE

ISOMERISM

For an open-chain compound, there must be a C=C double bond AND each doubly bonded



carbon must be attached to two different groups.

BUT-1-ENE 2,3-DIMETHYLBUT-2-ENE

CH:=CH—-CH: —CH> (CHs)zC:C(CHS)z
One alkene carbon has two identical H atoms. Each alkene carbon has two identical CHs groups.

14. PROPERTIES OF CIS-TRANS ISOMERS

o Cis and trans isomers can have different physical and chemical properties.
o Trans isomers are generally more stable than the corresponding cis isomers.
e Properties that may differ include melting point, boiling point, dipole moment, density and

heat of vaporisation.

15. QUICK REVISION — MEMORY MAP

ISOMERISM Same molecular formula — different arrangement.
CONSTITUTIONAL Different connectivity.

Same connectivity — different spatial
STEREOISOMERS

|

|

arrangement.

‘ CHIRAL Non-superimposable mirror image.

‘ CHIRAL CARBON Carbon attached to four different groups.

‘ ENANTIOMERS Non-superimposable mirror images.

| RACEMIC S0% (+) + SO% (-) — inactive.

‘ MESO Symmetry + internal compensation — inactive.
‘ Cis Similar groups same side.

‘ TRANS Similar groups opposite sides.

c=C 1 bond restricts rotation.

Each alkene carbon must have two different
CIS-TRANS CONDITION
groups.

16. MCQs — WITH ANSWERS

1. Which statement correctly defines isomers?

A. Different formula, same properties

B. Same molecular formula but different arrangement of atoms



C. Same structure and formula

D. Different elements only
Answer: B
. A carbon attached to four different groups is called:

A. Carbonyl carbon
B. Achiral carbon
C. Chiral carbon

D. Aromatic carbon
Answer: C
. A racemic mixture contains:

A. 100% (+)
B. 50% (+) and 50% (-)
C. 25% (+) and 75% (-)

D. Only meso forms
Answer: B
. Which instrument measures optical activity?

A. Polarimeter
B. Calorimeter
C. Barometer

D. Manometer
Answer: A
. Cis—trans isomerism in an open-chain alkene requires:

A. Free rotation about C=C
B. Two identical groups on each alkene carbon
C. Two different groups attached to each alkene carbon

D. Only single bonds



Answer: C

17. SHORT QUESTIONS — PRACTICE WITHOUT ANSWERS

Define isomers and isomerism. Distinguish constitutional isomerism from stereoisomerism.

nMoR

Define a chiral carbon and explain why a chiral molecule is non-superimposable on its mirror
image.

What are enantiomers? State two important characteristics of enantiomers.

What is a racemic mixture? Why is a racemic mixture optically inactive?

Explain meso isomerism and the role of a plane of symmetry.

S

State the maximum number of optical isomers possible for a compound having n chiral

carbon atoms.

N

Explain why rotation around a C=C double bond is restricted.

00

. Define cis and trans isomers using but-2-ene as an example.

N

. State the necessary and sufficient condition for cis—trans isomerism in an open-chain
compound.

10. Why do but-1-ene and 2,3-dimethylbut-2-ene not show cis—trans isomerism?

18. EXAM TIPS

Do not confuse chirality with optical rotation: chirality is structural; (+)/(-) describes the

observed direction of rotation.

Do not assume every molecule with more than one chiral centre is optically active; symmetry

can produce a meso form.

Remember: cis = same side; trans = opposite side.

For C=C stereoisomerism, check BOTH alkene carbons. Each must have two different groups.

21 gives the maximum possible number of optical isomers; symmetry can reduce the actual
number.

Prepared from the Chapter 19.9 content provided for this lesson.
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