
 
 

A
D

E

3D
 encounters

 
 

O
rbitals hybridization

one  s orbital can fuse w
ith one  p orbital to form

 2 sp orbitals, placed
at an angle of 180°

one  s orbital can fuse w
ith 2  p orbitals to form

 3 sp
2 orbitals, placed

at an angle of 120°
one  s orbital can fuse w

ith 3  p orbitals to form
 4 sp

3 orbitals, each
one placed at an angle of 109.5°, therefore form

ing a tetrahedron

hybrid sp
3 orbitals

hybrid sp
2                           sp orbitals

 
 

Isom
ers

C
hem

ical com
pounds w

ith the sam
e num

ber of
atom

s, the sam
e form

ula w
eight, but different

structures



 
 

Isom
ers

Structural isom
ers

(sam
e functional group, but

different physico-chem
ical

properties)

Stereoisom
ers

(the atom
s are linked in the sam

e
order, but in a different spatial

position)

G
eom

etrical iso.

O
ptical iso.

C
onstitutionals

(the atom
s are linked in a

different order)

Functional isom
ers

(different functional group)

Positional iso.
(sam

e functional group, but
different physico-chem

ical
properties)

C
onform

ers

 
 

Functional isom
ers

D
ifferent chem

ical com
pounds, sharing the

sam
e atom

ic com
position, but different

functional groups, and different structure

C
2 H

6 O

di-m
ethyl-ether

C
H

3 -O
-C

H
3

ethanol
C

H
3 C

H
2 O

H

teb = -24°C
Insoluble in H

2 O

teb =78°C
soluble in H

2 O

 
 

Isom
ers

Structural isom
ers

(sam
e functional group, but

different physico-chem
ical

properties)

Stereoisom
ers

(the atom
s are linked in the sam

e
order, but in a different spatial

position)

G
eom

etrical iso.

O
ptical iso.

C
onstitutionals

(the atom
s are linked in a

different order)

Functional isom
ers

(different functional group)

Positional iso.
(sam

e functional group, but
different physico-chem

ical
properties)

C
onform

ers

 
 

Structural isom
ers

C
om

pounds w
ith the sam

e com
position, the sam

e
funcitonal group, but different order of linkage
betw

een the atom
s

Ex.: butane &
 isobutane

butane
isobutane

(2-m
ethyl-propane)

C
4 H

10



 
 

Structural isom
ers

C
om

pounds w
ith the sam

e com
position, the sam

e
funcitonal group, but different order of linkage
betw

een the atom
s

Ex.:  positional isom
ers

1-butene
C

H
2 C

H
C

H
2 C

H
3

2-butene
C

H
3 C

H
C

H
C

H
3

C
4 H

8

 
 

Isom
ers

Structural isom
ers

(sam
e functional group, but

different physico-chem
ical

properties)

Stereoisom
ers

(the atom
s are linked in the sam

e
order, but in a different spatial

position)

G
eom

etrical iso.

O
ptical iso.

C
onstitutionals

(the atom
s are linked in a

different order)

Functional isom
ers

(different functional group)

Positional iso.
(sam

e functional group, but
different physico-chem

ical
properties)

C
onform

ers

 
 C

onform
ers

C
onform

ers: the com
pound does not change, but the groups of atom

s
can freely rotate around the single covalent bond

→
 Interconvertible m

olecular structures (rotam
ers)

Ex.: butane
       C

4 H
10

 
 C

onform
ers

C
onform

ers: the com
pound does not change, but the groups of atom

s
can freely rotate around the single covalent bond

→
 Interconvertible m

olecular structures (rotam
ers)

Ex.: butane
       C

4 H
10



 
 C

onform
ers

C
yclic conform

ers (rotam
ers): the com

pound does not change, but
the groups of atom

s can rotate around the single covalent bond to a
sm

aller extent

Ex.: cyclohexane
       C

6 H
12

 
 

C
yclic conform

ers
The hydrogen atom

s of cyclohexane are not entirely equivalent:
those axials are perpendicular to the ring plane, those equatorial are

parallel to the ring plane

W
hen the ring flips form

 one char conform
ation to the other one, the

axial hydrogens becom
e equatorial and vice versa

Ex.: cyclohexane
       C

6 H
12

 
 

Isom
ers

Structural isom
ers

(sam
e functional group, but

different physico-chem
ical

properties)

Stereoisom
ers

(the atom
s are linked in the sam

e
order, but in a different spatial

position)

G
eom

etrical iso.

O
ptical iso.

C
onstitutionals

(the atom
s are linked in a

different order)

Functional isom
ers

(different functional group)

Positional iso.
(sam

e functional group, but
different physico-chem

ical
properties)

C
onform

ers

 
 

G
eom

etric Stereoisom
ers

W
henever the rotation around a covalent bond is ham

pered,
either because of a double bond or because of a cyclic 
com

poud, tw
o different isom

ers are form
ed: cis and trans,

depending on the position of the groups
Ex.: 2-butene

C
is 2-butene 

C
H

3 C
H

C
H

C
H

3

Trans 2-butene 
C

H
3 C

H
C

H
C

H
3

C
4 H

8

diastereoisom
ers



 
 

G
eom

etric stereoisom
ers

W
henever the rotation around a covalent bond is
im

possible, either because of a double bond or because of
a cyclic com

poud, tw
o different isom

ers are form
ed: cis 

and trans, depending on the position of the groups
Es.: 1,2-di-C

l-cyclopentane

1,2-cis-di-C
l-cyclopentane 

1,2-trans-di-C
l-cyclopentane 

C
5 H

8 C
l2

diastereoisom
ers

 
 

Isom
ers

Structural isom
ers

(sam
e functional group, but

different physico-chem
ical

properties)

Stereoisom
ers

(the atom
s are linked in the sam

e
order, but in a different spatial

position)

G
eom

etrical iso.

O
ptical iso.

C
onstitutionals

(the atom
s are linked in a

different order)

Functional isom
ers

(different functional group)

Positional iso.
(sam

e functional group, but
different physico-chem

ical
properties)

C
onform

ers

 
 

O
ptical Stereoisom

ers
•

C
om

pounds differing for the 3D
 assem

bly of the
atom

s
•

M
andatory condition: one C

 w
ith sp3 

hybridization, linking 4 different groups
•

These com
pounds behave exactly equally, the

only w
ay of differentiating them

 is by placing in a
polarim

eter, since each of them
 w

ill rotate the
polarised light by the sam

e angle but either clock-
w

ise or anti-cw
•

In case they are the exact m
irror im

age of each
other →

 enantiom
ers

 
 

O
ptical Stereoisom

ers

Enantiom
er A

Enantiom
er B



 
 

O
ptical stereoisom

ers

Enantiom
ers: perfect m

irror im
age

 
 

O
ptical stereoisom

ers

D
-A

lanine
L-A

lanine

Enantiom
ers: perfect m

irror im
age

 
 

O
ptical Stereoisom

ers

D
-G

lyceraldehyde
L-G

lyceraldehyde

Enantiom
ers: perfect m

irror im
age

 
 

O
ptical stereoisom

ers w
ith m

ore than one chiral centre
E

pim
ers: stereoisom

ers that differ in the configuration of 
only one chiral centre. A

ll the other stereocenters are the sam
e

D
-Erythrose

D
-Threose



C
yclic epim

ers are called A
nom

ers

α anom
er  (axial)

β anom
er  (equatorial)

O
ptical stereoisom

ers w
ith m

ore chiral centers

fructose
fructose

glucose
glucose

 
 

M
utarotation of cyclic carbohydrates

β-glucopyranose
(64%

)

α-glucopyranose
(36%

)

Free aldehyde: O
H

 can
attack the carbonyl from
either side of the plane

M
utarotation is the change in optical rotation that occurs by

epim
erization of the new

 optical centre (C
1 for aldehydes, C

2 for
ketons). C

yclic sugars show
 m

utarotation w
hen the α and β anom

ers
interconvert in solution. The total optical rotation depends on that of
each anom

er and from
 their ratio in solution.


