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NITROGEN COMPOUNDS AND PROTEINS – SUMMARY

Nomenclature and Structure

Functional Group Structure Example

Amine
(alkyl  group 
followed  by  '-
amine'. 
'amino-'  if 
substituent)

Primary

methylamine

Secondary

N-methylethylamine

Tertiary

N-ethyl-N-methylpropylamine

triethylamine

Quaternary 
ammonium

tetramethylammonium ion

Amide
(named  after 
parent  carboxylic 
acid with '-oic acid' 
changed  to  '-
amide')

Monosubstituted

ethanamide

Disubstituted

N-ethylbenzamide

Trisubstituted

N-ethyl-N-methylethanamide
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Important Preparation Reaction – Nucleophilic Substition

R-X + NH3 → R-NH2 + HX

The  electron-donating R group makes the lone pair  of  nitrogen on primary amine more available and 
stronger nucleophile. Hence, substitution will continue to yield secondary, tertiary amines and quaternary 
ammonium salts

R-X + R-NH2 → R2NH + HX
R-X +  R2NH → R3N + HX
R-X + R3N → R4N+ X-

Large  excess  of  NH3 favours  formation  of  primary  amines,  while  large  excess  of  R-X  favours 
formation of tertiary amine and quaternary ammonium salt.

Exercise 1

Describe the mechanism of formation of primary and secondary amine for the reaction between chloroethane 
and ammonia.

Basicity of Nitrogen Compounds

• The  basicity of  nitrogen  compound  depends  on  the  availability  of  lone  pair  of  nitrogen for 
protonation

• electron-donating groups will increase the availability of lone pair of nitrogen for protonation, 
hence accept H+ more readily, and compound is more basic

• electron-withdrawing  groups  will  decrease  the  availability  of  lone  pair  of  nitrogen  for 
protonation, hence accept H+ less readily, and compound is less basic
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Aliphatic amines

Electron-donating  R  groups  increase  availability  of  lone 
pair  of  N for protonation, hence accept H+ more readily, 
more basic than NH3. 

More R groups → more electron-donating effect → more 
basic

Phenylamine

Lone  pair  of  N 
delocalised  into 
benzene  ring,  hence 
less  available  for 
protonation, accept H+ 

less  readily  and  less 
basic than NH3

Amide

Lone  pair  of  N 
delocalised  into 
carboxyl  group, 
lone  pair  not 
available to accept 
H+,  hence  amides 
are neutral 

> >

Electron-donating Groups

Electron-donating groups will increase the 
availability  of  lone  pair  of  nitrogen  for 
protonation,  hence  accept  H+ more 
readily, and compound is more basic

Eg -R (alkyl groups), -OH, -NH2

Electron-withdrawing Groups

Electron-withdrawing  groups  will  decrease 
the  availability  of  lone  pair  of  nitrogen  for 
protonation,  hence  accept  H+ less  readily, 
and compound is less basic

Eg -X (halogen), -NO2, -COOH, -COR, -COX
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Amino Acids

• consist of both amino and acid groups
• 20  α-amino acids (amino group bonded to the carbon next to acid group) which are the  simplest 

units of proteins

• can exist as dipolar strucure or zwitterions

• have  unusually high melting points,  soluble  in  water  and exist  as non-volatile  crystalline 
solids due to ionic interactions between zwitterions

• isoelectric point is the pH at which the amino acid exists completely as zwitterions. Each amino 
acid has its unique isoelectric point.
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• at pH lower (more acidic) than isoelectric point, amino acid behaves as base and exists as cations

• at pH higher (more basic) than isoelectric point, amino acid behaves as acid and exists as anions

Exercise 2
By means of equations, show how an aqueous solution of  alanine can function as a buffer when small  
amounts of acid or alkali is added to it.

Electrophoresis
• experimental technique to separate and/or identify a mixture of amino acids
• one possible simple set up includes an anode and cathode dipped into a conducting medium or gel 

maintained at a specific pH, and the mixture of amino acids is added at the centre of the gel

• depending on the pH of the buffered solution, each amino acid in the mixture will exist as either 
cation (if pH lower than its isoelectric point), zwitterion (if pH equal to its isoelectric point), or anion 
(if pH higher than its isoelectric point).

• when  voltage  is  applied  between  electrodes,  the  cations  will  migrate  towards  the  negative 
electrode  (cathode),  and  the  anions  will  migrate  towards  the  positive  electrode  (anode). 
Zwitterions will not migrate as their overall charge is neutral.

• amino acids moving towards the same electrode will migrate at different speeds depending on their  
overall charge and molecular size. Amino acids that are more highly charged and smaller in size 
will migrate faster (charge-mass ratio). Hence, separation of a mixture of amino acids is possible. 

• after the experiment,  the positions of  the amino acids can be shown by dipping the gel  into or 
spraying it with a dye.

• for identification, the results for the unknown mixture can be compared against electrophoresis of  
known amino acids under the same conditions
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+ve -ve

Mixture of amino acids

Conducting gel buffered at certain pH
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Exercise 3
The structures and isoelectric points of 4 amino acids are as shown.

Name Aspartic acid Serine Valine Lysine

Structure

Isoelectric pt (pH) 2.77 5.68 5.96 9.59

A mixture of these amino acids are separated via electrophoresis at pH 5.96.
(i) Draw the structures that each amino acid exists as at pH 5.96
(ii) Hence indicate on the diagram below the positions of each amino acid after some time

Proteins
• consist of many molecules of  amino acids linked together by peptide (amide) linkages to form 

very long chain molecules
• functions include enzymes, hormones, transport of oxygen in haemoglobin
• 4 levels of protein structure: primary, secondary, tertiary and quaternary

• Primary structure is the unique sequence of amino acids linked by peptide linkages to form 
a polypeptide backbone or chain

• Secondary structure is the  bending or folding of the polypeptide chain, held together by 
hydrogen bonds between peptide linkages at regular intervals, to form α-helix structures 
and β-pleated sheets

α-helix structures β-pleated sheets
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Mixture

Conducting gel at pH 5.96
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• Tertiary structure is the  overall conformation or shape of a polypeptide, held together by 
interactions between the R groups of amino acids

Hydrogen bonding Electrostatic interaction (ionic bond)

Disulphide linkage Van der Waals forces (hydrophobic interactions)

• Quaternary structure is the  interactions (Van der Waals forces, electrostatic interactions 
and hydrogen bonding) between two or more tertiary structures to form a protein

• Haemoglobin is a globular protein with 4 subunits (2 α-chains and 2 β-chains). Each subunit 
has a nonpolypeptide heme group with an iron atom that binds oxygen

Exercise 4
(i) Are the dipeptides Gly-Cys and Cys-Gly identical?
(ii) For the tripeptide Val-Cys-Glu, draw the interactions that are involved in the formation of the tertiary 
structure.

Denaturing of Proteins
• disruption of shape of protein without affecting primary structure
• interactions at secondary, tertiary and quaternary structures are affected
• results in  precipitation, coagulation, aggregation, gelation,  loss of biological activity, loss of 

enzyme and protein function, and makes protein more digestible
• usually irreversible

Interaction Structure pH change Heavy metal 
ion, 

eg Ag+, Hg+

Heat Mechanical 
agitation

Detergent / 
organic 
solvent

Polar 
solvent

H-bond Secondary, 
tertiary, 

quaternary

√ X √ √ X √

Van der 
Waals

Tertiary, 
quaternary

X X √ √ √ X

Ionic Tertiary, 
quaternary

√ √ √ √ X √

Disulphide 
linkage

Tertiary X √ √ √ X X
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Exercise 5 - Preparation and Reactions
Reactant Product Reagent Condition Type Obsvn Equation Remarks
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