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Course outline

• Atoms and chemical bonds
• Number of bonds around an atom
• Types of chemical bonds

• Covalent vs ionic
• Single vs multiple

• Impact of chemical bonds on structure
• Functional groups

• Chemical reactivity
• Nucleophile and electrophile
• Bond polarisation
• Inductive and mesomeric effects
• Principal mechanisms



Atoms and 
chemical 
bonds
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Organic chemistry is…

Carbon Chemistry!

Atomic number

Atomic mass
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Identity card of atoms

• Atomic number: 

positive charges (protons) = negative charges  (electrons)
in the nucleus

• Atomic mass: 

positive (protons) and neutral (neutrons) charges in the nucleus

• Electrons occupy various core layers from K layer to M layer

• K layer closest to the nucleus) : 2 electrons

• L Layer : 8 electrons

• M layer : 18 electrons

Atomic number

Atomic mass
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Atoms and chemical bonds

• Hydrogen (H): 1 electron
1 chemical bond is allowed

• Helium (He): 2 electrons

Layer K is full ➢ noble gaz
No chemical bond allowed

• Lithium (Li): 3 electrons
1 chemical bond is allowed
3 electron holes are present
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• Carbone (C): 6 electrons
4 chemical bonds are allowed

• Nitrogen (N): 7 electrons
3 chemical bonds are allowed

1 lone pair is present

Atoms and chemical bonds



• Oxygen (O): 8 electrons 

• Fluorine (F): 9 electrons  

Atoms and chemical bonds



Types of chemical bonds

• Chemical bond = lasting attraction between two  
atoms by means of two electrons

• The type of chemical bonds is dependent of the 
electronegativities of the two atoms (ability of an 
atom to attract electrons)
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Types of chemical bonds
Electronegativity based on the Pauling scale

The less electronegative

The most electronegative

Tricks for the two lines: Happy Hector Likes Beer But Could Not Obtain Food, Never!



Types of chemical bonds
• Chemical bond = lasting attraction between two  

atoms by means of two electrons

Ionic bond: chemical bond involving the transfer of 
one electron from one atom to the other. Concerns 
atoms possessing very different electronegativities

Fluorine electronegativity : 4,0 strong attraction 
of electrons
Lithium electronegativity : 1,0
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Types of chemical bonds

Pure covalent bond: sharing of two electrons from 
two atoms possessing similar electronegativities

• Carbon electronegativity : 2,5

• Hydrogen electronegativity : 2,1

Polar covalent bond: covalent bond with a 
partial ionic caracter => Polarized bond

Oxygen electronegativity : 3,5
Hydrogen electronegativity : 2,1



Type of chemical bonds - Exercise

• By considering the atom electronegativity, 
indicate the bond polarisation. Represent also 
the lone pairs and electron holes present on the 
atoms. Is the bond a covalent or a ionic one?
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Single and multiple bonds

• When the two atoms share two electrons (one on 
each atom), you have a single bond.

• When the two atoms share four/six electrons 
(two/three on each atom), you have a double/triple 
bond.
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Impact of bonds on chemical structures

• An atom possesses a tetrahedral structure if he has 
around it 4 atoms and/or lone pairs

• Only single bonds and lone pairs

• Free rotation about single bonds
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• An atom possesses a trigonal (plane) structure if he 
has around it 3 atoms and/or lone pairs

• One double bond must be present 

• No free rotation about double bonds (rigid structure)

Impact of bonds on chemical structures
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• An atom possesses a linear structure if he has 
around it 2 atoms and/or lone pairs

• A triple bond must be present 

• No free rotation about double bonds (rigid structure)

Impact of bonds on chemical structures
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Functional groups



Chemical 
reactivity



• Nucleophiles and electrophiles

• A nucleophile is an atom or atoms group possessing a 
lone pair (eventually with a negative charge). He reacts 
with electrophiles.

• An electrophile is an atom or atoms group possessing a 
hole (eventually with a positive charge or a partial positive 
charge in the case of carbon). He reacts with nucleophiles. 

Chemical reactivity



• Exercice: Represent the lone pairs and electron 
holes present on the atoms then categorize these
compounds as nucleophile or electrophile. Indicate
which atom is concerned.

Chemical reactivity



Chemical reactivity

• In complex structures, it depends on the chemical 
bond polarization and substituants



• Electronic effect of substituants – Inductive effect
• Concerns the bond polarization and the impact on the adjacent 

bonds. The effect is defined relative to a bond formed with a carbon 
atom. 

• Electro-withdrawing effect –I: When an atom or a group of atoms 
attracts the electrons of the bond

• Electro-donating effect +I: When an atom or a group of atoms 
repels the electrons of the bond

Chemical reactivity



• Electronic effect of substituants – Inductive effect

• The inductive effect is transferred through the single bonds but 
declined rapidly with the distance

Chemical reactivity



• Exercise: Determine if these substituents possess a 
+I or a –I effect???

Chemical reactivity



• Electronic effect of substituants – Inductive effect

-I +I

Chemical reactivity



• Electronic effect of substituants – mesomeric effect
• Concerns the delocalization of the  electrons in a 

molecule ie the lone pairs, electron holes and  bonds 
(in multiple bonds) 

• The mesomeric effect can only take place when there is 
one single bond (and only one) between two  electrons:

•  bond -  bond -  bond 

• lone pair -  bond -  bond 

• Electron hole -  bond -  bond (or lone pair)

• Mesomeric effects are superior to inductive effects

Chemical reactivity



• Electronic effect of substituants – mesomeric effect

• When you have a  bond -  bond -  bond, the 
electrons are displaced from the less electronegative 
atom to the most negative atom

Chemical reactivity



• Electronic effect of substituants – mesomeric effect

• When you have a lone pair -  bond -  bond, the 
electrons are displaced from the lone pair in direction to 
to the  bond

Chemical reactivity



• Electronic effect of substituants – mesomeric effect

• When you have an electron hole-  bond -  bond (or
lone pair), the electrons are displaced from the  bond 
in direction to to the electron hole

Chemical reactivity



• Exercise: For each compound represent the
mesomeric forms. Then identify the electrophilic or
nucleophilic atoms of the compounds

Chemical reactivity



• Electronic effect of substituants – mesomeric effect

-M +M

The inductive effects and the mesomeric effects explain the 
stability and the reactivity of organic molecules

Chemical reactivity



• Exercise: Thanks to the inductive and/or
mesomeric effects, classify this carbocation from
the less stable to the most stable.

Chemical reactivity



• Acids and bases

• Acid: molecule able to give a proton (H+)

• Base: molecule able to catch a proton

• An acid/base pair is defined by its pKa.
• When pH<pKa the acid form is predominant

• When pH>pKa the basic form is predominant

• Acid-base reaction: displacement of the proton from the 
acid function to the basic one 

Chemical reactivity



• Exercise: Thanks to the inductive and/or
mesomeric effects, classify these nitrogen
functions from the less basic to the most basic.

Chemical reactivity



• Exercise: Thanks to the inductive and/or
mesomeric effects, classify these molecules from
the less acid to the most acid.

Chemical reactivity



• Nucleophilic substitution
• When the carbon has only single bonds

• A nucleophile (Nu) attacks the electrophilic carbon (+) 
And causes the departure of the leaving group X-

The nucleophile can be for example:

- an amine

- an alcohol
The leaving group is in general:

- water

- an halide (Cl-, Br-, I-)

Principal mechanisms



• Nucleophilic Addition
• When the carbon possesses a double bond.

• A nucleophile (Nu) attacks the electrophilic carbon (+) 
and the two electrons of the  bond are sent as a 
supplementary lone pair on the oxygen (-) for example (
bond is more fragile than  bond)

The nucleophile can be for example:

- an amine

- an alcohol (or water)

Principal mechanisms



• Nucleophilic addition/leaving group departure
• When the carbon possesses a double bond and a leaving 

group.

• A nucleophile (Nu) attacks the electrophilic carbon (+) 
and the two electrons of the  bond are sent as a 
supplementary lone pair on the oxygen (-)

• In a second step the lone pair of the owygen creates a 
new double bond and causes the departure of the leaving 
group.

Principal mechanisms
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