
Stereochemistry & Reaction 
Mechanism



What you already know
• Isomerism
• Stereoisomers
• Conformational isomers
• Configurational isomers
• Geometrical isomers
• Restricted rotation
• Conditions to show geometrical isomers
• Cis-trans configuration
• Cis-trans configuration in double bond system
• Cis-trans configuration in cycloalkanes

Properties of Geometrical Isomers



Properties of Geometrical Isomers

What you will learn

• Physical properties of geometrical isomers
• Stability of geometrical isomers
• Stability of geometrical isomers in cycloalkenes
• Dipole moment of geometrical isomers 
• Boiling point of geometrical isomers
• Melting point of geometrical isomers
• Solubility
• Calculation of the number of G.I.
• Practice questions



Physical Properties 
of Geometrical 

Isomers



Solubility

Physical 
properties Boiling Point

Dipole moment

Melting Point

Stability of Isomers

Physical Properties of Geometrical 
Isomers



Stability of Geometrical Isomers

Stability
1

Steric Hindrance∝
<

cis-But-2-ene

Higher steric 
repulsion

trans-But-2-ene

Lesser steric 
repulsion



In general, trans isomer is
more stable than cis isomer

due to lesser steric repulsions.

Stability of Geometrical Isomers

cis-But-2-ene trans-But-2-ene



Solution

What is the correct order of stability for the given compounds?



Solution

What is the correct order of stability for the given compounds?

In general, trans isomer is
more stable than cis isomer

due to lesser steric repulsions.

cis trans



Stability of 
Geometrical Isomers 

in Cycloalkene



Geometrical Isomerism in Cycloalkenes

Cycloalkenes with 3 to 7 
carbons in the ring exist only 
in cis form, as trans form is 

unstable due to angle strain.

Cycloalkenes with 8 or more
carbons in the ring exhibit

Geometrical Isomerism.



Number of carbons in 
the cycloalkene ring

8-11 12 and more

Stability of Geometrical Isomers in Cycloalkenes 



8-11 membered cycloalkenes 
show cis-trans isomerism

But, cis isomers are more stable
for 8-11 membered cycloalkenes

Stability of Geometrical Isomers

cis-Octene trans-Octene

More stable Less stable

Example

Because they are not large enough 
to form trans isomer due to less 
flexibility.



For 12-membered cycloalkenes 
and onwards, trans isomers are 

more stable than their cis 
isomers, because they  are large 

enough to form trans isomer 
easily due to flexibility

Stability of Geometrical Isomers

cis-Cyclododecene trans-Cyclododecene

More stableLess stable



In a Nutshell!

More Stable More Stable

Less than 8 8-11 12 and more

trans form
does not exist

cis form trans form

Number of carbons in 
the cycloalkene ring



Which of the following compound can show geometrical
isomerism?



Solution

Compound 1 : Cyclodecene : 
Can show geometrical 
isomerism.

Compound 2 : Cyclopentene : 
cannot show geometrical 
isomerism.



Dipole Moment : A dipole moment arises in any system in which there is a
separation of charge. Dipole moments occur due to the difference in
electronegativity between two chemically bonded atoms . It is a vector quantity,
i.e. it has magnitude as well as definite directions.
Dipole Moment Formula : A dipole moment is the product of the magnitude of
the charge and the distance between the centers of the positive and negative
charges. It is denoted by the Greek letter ‘µ’.

µ = q × d

Dipole Moment of Geometrical Isomers 

In the direction of dipole 
moment, head is toward the 

more electronegative element 
and tail is towards the less 
electronegative element.



≠μnet 0

So here, dipole moment of cis isomer 
is more than that of trans isomer.

=μnet 0

Dipole Moment of Geometrical Isomers 
Resultant dipole 

moment



We know that electronegativity of
sp2 − C > sp3 − C , Cl > C and C > H

What is the correct order of dipole moment for the following
geometrical isomers?

Solution



Cis- form Trans- form

In the trans form direction of both the dipole moment vectors is towards the
same side while in the cis form some part is cancelling out to each other. So, net
dipole moment of trans form will be greater than the cis form. Dipole moments
of the terminal groups in the trans-isomer add up more than in the cis-isomer.
Hence, trans-isomer has more dipole moment than cis-isomer.



Generally, molecules with higher 
dipole moments have higher 

intermolecular forces of attraction.

Boiling 
point

Dipole 
moment∝

Boiling Point of Geometrical Isomers 

>



In this case instead of double bond, we have cyclopropane ring which also
restricted rotation. Therefore, it can also show the cis and trans form.

Which one has the higher boiling point?

Solution



The boiling point of the compound increases with increasing the polarity of the
compound. As we know that generally trans isomer is nonpolar due to zero
dipole moment, therefore it exhibits a lower boiling point than cis isomer as cis
isomer is polar and has higher intermolecular force of attraction.

Cis-isomer
Higher dipole 

moment
Higher Boiling 

point



Melting Point of Geometrical Isomers 

Symmetric molecules have better packing 
efficiency in the crystal lattice when 
compared to the molecules of similar
structure but with lower symmetry.

Hence, molecules with better packing
have higher melting points.

Melting 
point Packing∝



Packing in Cis and Trans 2-Butene

In general, trans-isomer 
is more

symmetrical than the 
cis-isomer.

Melting Point of Geometrical Isomers 

2-Butene 2-Butene



cis-But-2-ene trans-But-2-ene

<

Melting Point of Geometrical Isomers 

In general, the trans isomer 
has a higher melting point 

than the cis isomer.



cis-form trans-form

<Melting point cis Melting point trans

Melting Point of Geometrical Isomers 

Example

Maleic acid Fumaric acid



Which one has the higher melting point?

Solution

Symmetrical molecules have better efficiency of packing in the crystal lattice when
compared to the molecules of similar structure but with lower symmetry. Therefore,
symmetrical molecules have more efficient packing hence have higher melting
point. Trans isomer has a higher melting point than the cis isomer since the trans
isomer is more symmetrical than the cis-isomer.
So, trans isomer will have higher melting point than cis isomer.



trans-1,2-Dichloroethenecis-1,2-Dichloroethene

<



Solubility

Like dissolves like

Polar compound is 
soluble in polar solvent.

Solubility
in water 

Dipole 
moment∝

Generally,

Solubility of 
cis isomer

Solubility of 
trans isomer

> μtransμcis



COOH

C C

H3C

H H

C C

H COOH

HH3C

Which one has the higher solubility?

Solution

COOH

C C

H3C

H H

C C

H COOH

HH3C



Trans  Cis  

For geometrical isomers of 3-Hexene which of the following 
statements is true?



M.P is high and dipole moment high for trans.

M.P is low and dipole moment low for trans.

M.P is high and dipole moment is low for trans.

M.P is low and dipole moment is high for trans.

A

B

C

D

For geometrical isomers of 3-Hexene which of the following 
statements is true?



𝛍𝛍 ≠ 0

cis-form

𝛍𝛍 = 0

trans-form
The structure of the 3-hexene is CH3−CH2−CH=CH−CH2−CH3 due to
presence of the double bond it has restricted rotation and also has different
groups at the same terminal side. Therefore it exhibits as cis and trans
isomer.

Solution



As packing efficiency is higher in trans form than cis form, that is why trans
form will have higher melting point.
In case of dipole moment, due to cancelation of dipole vectors trans form has
zero dipole moment, but cis form does not have zero dipole moment as the
same groups place in the same side of the double bond.
Hence, option (c) is the correct answer.



Net dipole moment is non zero for:

1,4-DichlorobenzeneA

cis-1,2-DichloroetheneB

trans-1,2-DichloroetheneC

1,4-DihydroxybenzeneD



1,4-Dichlorobenzene cis-1,2-Dichloroethene trans-1,2-Dichloroethene

1,4-dichlorobenzene and trans-1,2-dichloroethene both have same atoms
opposite to each other and therefore the net dipole moment is zero. But in
case of cis-1,2-dichloroethene same groups are placed in the side of the
double bond, therefore it will have some dipole moment.

Solution



Hence, option (b) and (d) are the correct answer.

1,4-Dihydroxybenzene

1,4-Dihydroxybenzene contains two -OH groups in the
para position relative to each other, there is a net dipole
moment in the molecule. This is because the O-H bond
in the hydroxy group is free to rotate in it’s plane.
Considering dipole moments of -OH group towards the
benzene ring, which cancel out. However, the small
dipole moment existing between O-H give the molecule
a net dipole moment.



Which of the following compound can show geometrical 
isomerism?



Solution



The correct order of stability for the given pair of isomers is:

− −

Solution





Out of I and II which have higher value of the following 
properties?

B.P. M.P.μ Solubility Stability

I II



Solution

B.P. M.P.μ Solubility Stability

I II



I II

B.P. M.P.μ Solubility Stability

Out of I and II which have higher value of the following 
properties?



I II

B.P. M.P.μ Solubility Stability

Solution



I II

B.P. M.P.μ Solubility Stability

Out of I and II which have higher value of the following 
properties?



Solution

I II

B.P. M.P.μ Solubility Stability



I II

B.P. M.P.μ Solubility Stability

Out of I and II which have higher value of the following 
properties?



I II

B.P. M.P.μ Solubility Stability

Solution



Which of the following compounds can show geometrical 
isomerism?



Solution

In case 1, geometrical 
isomerism is shown 

around the ring but not 
around the double bond

Where as in case 
2, geometrical isomerism 

is due to double bond 
between C and N.



Which of the following compounds can show geometrical 
isomerism?



Solution

Case 1 : No 
geometrical isomerism 

because the same 
group is attached to 

the same carbon.
Case 2 : Here 

geometrical isomerism 
is shown around an 

exocyclic double 
bond.



Which of the following compounds can show geometrical 
isomerism?



Solution

No geometrical isomerism 
because here double 

bond is in plane



Calculation of 
Geometrical Isomers 

(G.I.)



Different 
terminal groups

Same terminal 
groups

Calculation of the Number 
of Geometrical Isomers

Calculation of the Number of G.I.



Different 
terminal groups

Same terminal 
groups

Calculation of the Number 
of Geometrical Isomers

Calculation of the Number of G.I.



Calculation of the Number of G.I.

G.I.

Since there are two 
double bonds hence 
there are 2 cis and 2 

trans isomers.
Hence there are 4 

geometrical isomers



Calculation of the Number of G.I.

If three pi bonds are 
present in a 

compound with 
different terminal 

groups.



Different 
terminal groups

Same terminal 
groups

Calculation of the Number 
of Geometrical Isomers

Calculation of the Number of G.I.



CH CH CH3CH3 CH CH

Identical

G.I.

Calculation of the Number of G.I.

Therefore in total for 
two pi bonds we will 

have three 
geometrical isomers.



How many geometrical isomers are possible for the given 
compound?

Ph CH COOHCH CH CH

Solution Ph CH COOHCH CH CH
Both the terminal groups are different then 

we can apply the formula : Number of 
Geometrical isomers = 2n , where n = number 

of pi bonds, Here n = 2 
Geometrical isomers = 22 = 4.

4



Total number of geometrical isomers for the given compound 
are:

Solution

If two groups are present in a ring then 
there will only be two isomers possible.

a) Cis-isomer 
b) Trans-isomer 



Total number of geometrical isomers for the given compound 
are:

(a) Here we have one ring and one pi bond present in the given compound so
there will be 2 cis and trans isomers for one pi bond and 2 cis and trans isomers
for one ring. So, total 4 isomers is possible for this compound.

Solution





Total number of geometrical isomers for the given compound 
are:

Geometrical isomerism will be shown by
only the double bond present in the open
chain therefore only cis and trans two
isomers will be possible.

Solution



Total number of geometrical isomers for the given compound 
are:

Solution

(a) All the groups can be 
on the upside/ downside

(b) Two groups on the 
upside and one on the 

downside.
Therefore only 2 

geometrical isomers will 
be possible.



Total number of geometrical isomers for the given compound 
are:



(a) All the groups can be on the
upside/ downside (Structure I and
I’).
(b) Three groups on the upside
and one on the downside
(Structure II and II’).
(c) Two groups on the upside and
two on the downside. Here are
two possibilities (Structure III and
IV).
Therefore 4 geometrical isomers
will be possible.

Solution



Total number of geometrical isomers for the given compound 
are:

Solution

(a) All the groups can be on the upside/downside.
(b) Three groups on the upside and one on the downside. This down side
group can be Cl or Br.



(c) Two groups on the upside 
and two on the downside. 
Here are two possibilities 

(Structure IV and IV’ are the 
same).

Therefore 5 geometrical 
isomers will be possible



Total number of geometrical isomers for the given compound 
are:



Solution

This is an exocyclic oxime. Here the 
double bond is rigid. We have only 

two possibilities:
(a) Lone pair can be on the same 

side.
(b) Lone pair can be on the 

different side.



Calculation of the Number of G.I.

If three pi bonds are present in a 
compound with same terminal groups.



The possible geometrical isomers will be :

(a) Carbon 2 , Carbon 4 and Carbon 6 all can be cis.

(b) One carbon can be trans and other two can be cis. From this we will have three

possibilities :

(i) Carbon 2 can be trans and Carbon 4 and Carbon 6 can be cis

(ii) Carbon 6 can be trans and , Carbon 2 and Carbon 4 can be cis

(iii) Carbon 4 can be trans and , Carbon 2 and Carbon 6 can be cis

Possibility (i) and (ii) are same because the terminal groups are same so overall two

possibilities from here

Calculation of the Number of G.I.



(c) One carbon can be cis and other two can be trans. From this we will have three

possibilities :

(i) Carbon 2 can be cis and Carbon 4 and Carbon 6 can be trans.

(ii) Carbon 6 can be cis and , Carbon 2 and Carbon 4 can be trans.

(iii) Carbon 4 can be cis and , Carbon 2 and Carbon 6 can be trans.

Possibility (i) and (ii) are same because the terminal groups are same so overall

two possibilities from here.

(d) Carbon 2 , Carbon 4 and Carbon 6 all can be trans.

For this structure we will have 6 geometrical isomers.

Calculation of the Number of G.I.
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