
Functional Groups 
Functional groups are specific groupings of atoms within 
molecules that have their own characteristic properties, 
regardless of the other atoms present in a molecule.  
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Amines 
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Carbonyl-containing functional groups 
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Aldehydes 
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Ketones 
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Carboxylic acids 
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Esters 

Cyclic esters 

 “ Lactone” 
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Amides 
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Acid Chlorides 
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Functional groups with two carbonyls 
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Nitrile 
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Sulfonic acid, Sulfonamide Sulfone and sulfoxide  
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Resonance 

 الطنين
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What is Resonance ? 

Resonance structures are sets of Lewis structures 

that describe the delocalization of electrons in a 

polyatomic ion or a molecule. 

 
What is the benefit of Resonance  ? 

Resonance is a molecule's way of spreading out its 

electron density, and that helps to minimize its ground-

state energy. 
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The different resonance structures of the carbonate ion (CO3
2-) are 

illustrated above. The delocalization of electrons is described via 
fractional bonds (which are denoted by dotted lines) and fractional 
charges in a resonance hybrid. 

Resonance of Carbonate  

Hybrid 
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Resonance of  Benzene 
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Resonance of Sulfate 

Hybrid 
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Cases of resonance:-  
Curved arrow formalism to show the movement of a 

pair of electrons.  The ‘basic’ on arrow moves are: 
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1. It is delocalization of electrons not atoms (if atoms then it is 

called tautomerization). 

 

 

 

 

 

 

2. Resonance forms are known as canonical or contributed or 

resonance structures with a closed arrows among them  

 

Hints and rules  while performing resonance 

Hybrid  

“actual form” 
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3. The resonance forms are imaginary forms (Not True) the 

actual one is the hybrid. 

 

4. The formal charge  before and  after resonance must be the 

same. 

 

 

 

 

5. Electrons should flow toward positive charges and away 

from negative charges.    

 

6. Resonance forms obey octet rule.(don’t exceed the octet) 
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Stability of Resonance forms 
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Atoms, in general, “don’t like” charges, so having no charge  

is better: 

.The resonance structure with a complete octet is more stable: 
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Phenol Resonance forms 
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Aniline Resonance forms 
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Acetanilide Resonance forms 
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Benzaldehyde Resonance forms 

Urea Resonance forms 
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Benzoic acid Resonance forms 

Benzonitrile Resonance forms 

Resonance 18 



Bromobenzene Resonance forms 

Nitrobenzene Resonance forms 
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Use curved arrows to draw all the significant resonance  

structures for the following molecule and determine the  

major contributor to the resonance hybrid: 
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Which is more stable resonance forms? Why 
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Draw at least one resonance form for each of the following 
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Rank the following resonance structures from the most to the least stable 
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Acidity & Basicity 
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1- Acidity 
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Why acidity and basicity is important in pharmacy? 

 

It is important to understand pH and its influence on drug solubility, 
stability, and absorption. In an acidic medium, basic drugs are more 
charged and acidic drugs are less charged. ... This is why weak acids 
are better absorbed from the stomach and weak bases from 
intestine where the pH is alkaline 
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pKa 

Ka and pKa and Acid Strength 

What is the acid ? 
Species that donate proton in easier way or dissociate  in 
faster rate 
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Weaker conjugate base means a more stable conjugate base 
because if it was not as stable as it is, it would have reacted with 
the proton and shift the reaction backward, forming the acid. 
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 Note:- The acidity mainly relies on the stability 

of the conjugate base.  

 

There are five main factors, that affect the stability of 
the conjugate base: 
• Charge 
• Atom 
• Resonance 
• Induction 
• Orbital 

This is often abbreviated and referred to as  CARIO. 
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1] Charge 
Removal of a proton, H+  from a positive species, while it is 
more difficult to remove H+ from neutral compound and it is 
most difficult to remove H+ when it is negatively charged 
species.  

acidity and basicity 7 



O

S

O O

O O

S

O O

O O

S

O O

O
H H H

H2SO4

Ka1 Ka2

Ka1 Ka2

Sulfuric acid acidity 

acidity and basicity 8 



NH

H

NH

OH

H

OH

OH

H

NH

HH

acidity and basicity 9 



2] Atom:- 

i-electronegativity :- 
 

The better it stabilizes the negative charge, the more stable 
the conjugate base is.  
For example, we know that alcohols are more acidic than 
amines: 
 

The answer is because it is more electronegative than the 
nitrogen – it likes electrons/negative charge or doesn’t mind 
them as much as nitrogen does. 
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The acidity of H–A increases as the electronegativity of A increases 
going from left to the right in the periodic table: 
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 ii- size:-   
 
If you look in the pKa table, you will see that thiols (R-SH) are 
more acidic than alcohols: 
 
 

This is interesting because oxygen is more electronegative than 
sulfur, and you’d expect the opposite acidity trend. The reason 
for this is the ability of larger atoms to better stabilize the 
negative charge: 
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Therefore, down the periodic table, the atomic size 
determines the acidity and not the electronegativity. 
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3- Resonance  

why carboxylic acids are more than a billion times more acidic 
than alcohols: 
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The electrons on the oxygens of a carboxylic acid 
are delocalized and the negative charge is handled by both 
atoms, while the oxygen in the alcohol handles the negative 
charge alone: 
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4- Induction 

How do we explain the difference in acidity of the following 
two carboxylic acids? 
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the question is how the presence of three electronegative 
atoms increases the acidity of the O-H bond? 
 

Electronegativity of the fluorine remotely helps the oxygen to 
handle the negative charge. They are pulling some of the 
electron density, thus reducing it on the oxygen: 
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The stronger the electronegativity, the stronger the inductive effect: 
   

Another factor is the distance of the electronegative element from 

 the negative charge. The closer it is, the better it helps to stabilize 
then negative charge: 
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5] Orbital/Hybridization 

 To illustrate this concept, we will consider the acidity of 
hydrocarbons: 
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None of the factors discussed earlier can be used to explain this 
trend of  acidity. We have the same atom (C), no resonance 
stabilization, and no inductive effect. Let’s put a negative charge 
on each carbon and to take  
a closer look: 
   

The only difference is these carbons is their hybridization 

state. Remember, alkanes are sp3, alkenes 

are sp2 and alkynes are sp-hybridized. 
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What you need to know is that s orbitals are more 
electronegative than p orbital, and the more s character the 
hybrid orbital has, the better it stabilizes the negative charge. 
These are the percentages of the s orbital (s-character) in 
each hybrid orbital: 

acidity and basicity 21 



Q1] Determine if the blue- or red-colored proton is more 
acidic in each of the following compounds: 

To summarize, 
whenever you 
need to determine 
the more acidic 
proton, visualize 
(or better draw) 
the conjugate 
bases and 
determine which 
one is more stable 
bas 
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Q2] Identify the most acidic proton in each molecule 

To summarize, 
whenever you 
need to determine 
the more acidic 
proton, visualize 
(or better draw) 
the conjugate 
bases and 
determine which 
one is more stable 
bas 

acidity and basicity 23 



2- Basicity 
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Convenient way to look at basicity is based on electron pair 
availability....  the more available the electrons, the more readily 
they can be donated to form a new bond to the proton and 
therefore the stronger base. 
Key factors that affect electron pair availability in a base, B 

 
 

We are dealing with Lewis base, and we will focus on 

 Nitrogen as the most well known atom. 

N N
..GG

G G

GG..

G:- is an electron 
donating groups

such as alkyl group

G:-  is an electron 

withdrawing groups

such as NO2,CF3,CN ....etc
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1- Electronegativity  and Size 
 
When comparing atoms within the same row of the periodic table,  
the more electronegative the atom donating the electrons is, the 
less willing it is to share those electrons with a proton, so the 
 weaker the base. 

Factors affecting strength of base 

CH3
-
  > NH2

- > HO- > F- 

NH2 OH

>
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What  is the evidence that  oxygen is more basic nitrogen ?? 

NH3  +   H2ONH4OH

NH2
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HCl
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x
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If nitrogen is directly or indirectly bonded to an EW group, this will 
affect negatively on basicity. 

2. Inductive effect 
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3. Resonance effect 
Resonance is  factor leads to scatter the lone pair away 

 from nitrogen atom will minimize the basicity. 

N N
HHHH .. ..

The lone pair is concentrated
on nitrogen atom, so it is easy 

to attack the acid

The lone pair is scattered away
from nitrogen atom by resonance, so it is weak  

to attack the acid

For that;    
1- Aliphatic amine is more basic than aromatic amine 
2- Amine is more basic than amide 
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1. Aliphatic amine is more basic than aromatic amine 

 
 
Aniline is less basic than Cyclohexylamine due to resonance effect. 
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2. 
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1] Which is more basic ? Why 
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2] Which is more basic ? why 

Aniline Acetanilide 
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3] Which is more basic ? why 
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Acidic and basic drugs 
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Predicting Acid-Base Reactions  

from pKa Values 

 

 The lower the pKa value of an acid, the stronger 
the acid. The higher the pKa value, the weaker 
the acid. ... As a rule, the equilibrium of 
a reaction will favor the side with weaker acids. 
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