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“
Course Objectives:

▸ Giving the students an introduction 
about the chemical bonding.

▸ Explanation of important chemical 
reactions in aliphatic compounds.

▸ Identification of the functional 
groups.
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Organic Chemistry: Definition

➢The word Organic can be a biological or chemical term, in 
biology it means anything that is living or has lived. The 
opposite is Non-Organic.

➢Organic Chemistry is unique in that it deals with vast 
numbers of substances, both natural and synthetic, for 
example: The clothes, the petroleum products, the paper, 
rubber, wood, plastics, paint, cosmetics, insecticides, and 
drugs.

➢Organic chemistry is defined as:
The study of carbon/hydrogen containing compounds and their 
derivatives.



Organic Compounds
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Organic Compounds XXXX



The Uniqueness of Carbon
❖ What is unique about the element 

carbon?
❖ Why does it form so many 

compounds?
The answers lie in:

✓ The structure of the carbon atom.
✓ The position of carbon in the 

periodic table.

❖ These factors enable it to form strong bonds with 
➢ other carbon atoms
➢ and with other elements (hydrogen, oxygen, nitrogen, 

halogens,..etc).

➢ Each organic compound has its own characteristic set of physical 
and chemical properties which depend on the structure of the 
molecule.



Chemical Bonding

o In 1916 G.N. Lewis pointed out that:
The noble gases were stable elements, and he described 
their lack of reactivity to their having their valence shells filled 
with electrons.

➢ 2 electrons in case of helium.
➢ 8 electrons for the other noble gases. 

❑ According to Lewis, 
in interacting with one another atoms can achieve a greater 
degree of stability

by rearrangement of the valence electrons to acquire 
the outer-shell structure of the closest noble gas in the 
periodic table.



Chemical Bonding
A) Ionic Bonds
o Elements at the left of the periodic table give up their valance 

electrons and become +ve charged ions (cations).

o Elements at the right of the periodic table gain the electrons 
and become -ve charged ions (anions).

The electrostatic force of attraction between oppositely 
charged ions.

❑Most ionic compounds are inorganic substances



Chemical Bonding
A) Ionic Bonds



Chemical Bonding
B) Covalent Bonds
o Elements that are close to each other in the periodic table attain 

the stable noble gas configuration by sharing valence electrons 
between them.

o A shared electron pair between two atoms or single covalent 
bond, will be represented by a dash (-).

o A covalent bond involves the mutual sharing of one or more 
electron pairs between atoms.

❖When the two atoms are identical or have equal 
electronegativities, the electron pairs are shared equally.



Chemical Bonding

o When two unlike atoms; 
the bonding electrons are no longer shared equally (shared 
unequally). 

1) A Polar Covalent Bond
A bond, in which an electron pair is shared unequally.

❖ The more electronegative atom assumes a partial negative 
charge and the less electronegative atom assumes a partial 
positive charge.

B) Covalent Bonds



Chemical Bonding

The number of covalent bonds that an atom can form with other atoms. 

i.e. the covalence number is equal to the number of electrons needed 
to fill its valance shell.

How Many Bonds to an Atom?     Covalence Number



Explanation of important 
chemical reactions in aliphatic 
compounds and Identification 
of the functional groups.

2&3



Types of Organic Reactions

17

➢ An addition reaction occurs when an unsaturated reactant 
becomes a saturated product:

The C=C, CΞC, and C=O bonds commonly undergo addition 
reactions.
In each case, it is the π bond that breaks, leaving the σ bond 
intact.



Types of Organic Reactions
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➢ An addition reaction:



Types of Organic Reactions
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➢ An elimination reaction occurs when a saturated reactant 
becomes an unsaturated product.

➢ This reaction is the reverse of addition.

The groups typically eliminated are H and a halogen atom or H 
and an –OH group.



Types of Organic Reactions
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➢ A substitution reaction occurs when an atom or group 
from an added reagent substitutes for one attached to a 
carbon in the organic reagent.

The C atom at which substitution may be saturated or 
unsaturated, and X and Y can be many different atoms.



Types of Organic Reactions
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❖ Recognizing the Type of Organic Reaction
❖ PROBLEM: State whether each reaction is an addition, elimination, 

or substitution:

▪ We determine the type of reaction by looking for any change in the 
number of atoms bonded to C.

▪ An addition reaction results in more atoms bonded to C.
▪ An elimination reaction results in fewer atoms bonded to C.
▪ If there are the same number of atoms bonded to C, the reaction is 

a substitution.

PLAN: 



Types of Organic Reactions
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SOLUTION:

This is an elimination reaction; two bonds in the reactant, C–H and 
C –Br, are absent in the product.

This is an addition reaction; two more C–H bonds have formed in the 
product.

This is a substitution reaction; the reactant C–Br bond has been 
replaced by a C–O bond in the product.



Functional Groups

▪ Organic compounds are classified according to their 
functional groups.

▪ Functional Group collection of atoms at a site within a molecule 
with a common bonding pattern.

▪ The functional groups in a compound determine both its physical 
properties and its chemical reactivity.

▪ Functional groups define the regions of high and low electron 
density in a compound, thus determining its reactivity.

▪ The group reacts in a typical way, generally independent of the 
rest of the molecule

For example, the double bonds in simple and complex 
alkenes react with bromine in the same way.



Functional Groups
Important Functional Groups in Organic Compounds:



Functional Groups



Aliphatic Hydrocarbons

Aliphatic 
hydrocarbon 

unsaturated 

Alkene
Double bond

(CnH2n)

Alkyne 
(Trible bond)

(CnH2n-2)

Saturated 

Alkane
Single bond

(CnH2n+2)



o Hydrocarbons organic compounds contain of  C and H 

➢ 1. Alkanes are hydrocarbons that contain only single bonds 

and are referred to as saturated hydrocarbons.

➢ Called paraffins (low affinity compounds) because they do not 

react as most chemicals

o The general formula for an alkane is CnH2n+2, where n is any 

positive integer.

o Alkanes comprise a homologous series, a group of 

compounds in which each member differs from the next by a –

CH2– group.

Hydrocarbons



➢ Hybridization (Alkanes sp3):
o The electronic configuration of the isolated or ground-state 

carbon 

Hydrocarbons

o Mix or combine the four atomic orbitals of the valence shell to form 
four identical hybrid orbitals, each containing one valence electron.

o In this model, the hybrid orbitals are called sp3 hybrid orbitals 
because each one has one part s character and three parts p 
character.

o Each sp3 orbital has the same energy: less than that of the 2p orbitals 
but greater than that of the 2s orbital.



➢ Hybridization (Alkanes sp3):
o Regular tetrahedron with all H-C-H bond angles of 109.5º.

Hydrocarbons



o The name of any organic compound is comprised of three 
portions:           PREFIX + ROOT + SUFFIX

o The root name of the compound is determined from the 
number of C atoms in the longest continuous chain.

o The suffix indicates the type of organic compound and is 
placed after the root.

o The prefix identifies any groups attached to the main chain.

Naming Organic Compounds



Naming Organic Compounds
❖ Names of small hydrocarbons

No. of Carbons Formula Name (CnH2n+2)
1 Methane CH4

2 Ethane C2H6

3 Propane C3H8

4 Butane C4H10

5 Pentane C5H12

6 Hexane C6H14

7 Heptane C7H16

8 Octane C8H18

9 Nonane C9H20

10 Decane C10H22



Naming Organic Compounds
❖ Names of larger hydrocarbons

No. of Carbons Formula Name (CnH2n+2)
11 Undecane C12H26

12 Dodecane C12H26

13 Tridecane C13H28

14 Tetradecane C14H30

15 Pentadecane C15H32

16 Hexadecane C16H34

17 Heptadecane C17H36

18 Octadecane C18H38

19 Nonadecane C19H40

20 Isocane C20H42



Naming Organic Compounds
❖ Alkyl group
o remove one H from an alkane (a part of a structure)
o General abbreviation “R” (for Radical, an incomplete species or the 

“rest” of the molecule)
o Name: replace -ane ending of alkane with -yl ending

-CH3 is “methyl” (from methane)
-CH2CH3 is “ethyl” (from ethane)

❖ Types of Alkyl groups
• a carbon at the end of a chain (primary alkyl group)
• a carbon in the middle of a chain (secondary alkyl group)
• a carbon with three carbons attached to it (tertiary alkyl group)



o Numerical Roots for Carbon Chains and Branches

Naming Organic Compounds



o Rules for Naming an Organic Compound
Naming Organic Compounds



Naming Organic Compounds



Naming Organic Compounds

NAME EACH OF THE FOLLOWING:

a)

2,2,4,5-tetramethylhexane

b)

3,6-diethyl-3-methyloctane

H3C C CH2 CH CH2 CH3

CH3

CH3 CH3

CH3

H3C C CH2 CH2 CH CH2

CH2

CH2

CH2CH3

CH3

CH3

CH3

EXERCISE!



Naming Organic Compounds



Naming Organic Compounds



o Constitutional or structural isomers have the same molecular 
formula but a different arrangement of the bonded atoms. 

o A straight-chain alkane may have many branched structural isomers.
o Structural isomers are different compounds and have different 

properties.
o If the isomers contain the same functional groups, their properties will 

still be similar.

Constitutional Isomers

The Constitutional Isomers of C5H12

The isomer for C4-C7 Can be calculate by
2n-4+1 .
C8 by 2n-4+2 
Exa: 
How many isomer for C5H12 

?

Ans: 
2n-4+1 = 25-4+1= 3



o Sabtier and senderns reaction )

BY hydrogenation of unsaturated hydrocarbon in presence 

of Ni at high temperature(200-300CO).

PREPERATION OF ALKANE 

2- Wurtz reaction :reaction of Na with alkyl halide to give alkane 



o 3-hydrolysis of Grignard reaction 

PREPERATION OF ALKANE 

Physical properties:
a- C1-C4 are gas
b- C5-C17 are liquids
C- C18 are waxy solid
D- nonpolar molecules and hence are insoluble in water
but dissolve in organic solvents such as benzene and carbon
tetrachloride
E- boiling points of alkanes increase with increase molecular weight
f- the branched chain alkane will have a lower boiling point than 
the corresponding n-isomer 
G- all alkanes have densities less than 1.0 g/mL and 
are therefore less dense than water



➢ 1. Alkanes:
o Alkanes are nonpolar and their 

physical properties are determined 
by the dispersion forces between 
their molecules.

o Forces between molecules 
(temporary dipoles, dispersion) are 
weak

Hydrocarbons

o They react with Cl2 in the presence of light to replace H’s with Cl’s 
(not controlled)



Reactions of Alkanes 
❖ ( oxidation )

Combustion Reactions of Alkanes
▪ At a high temperature, alkanes react vigorously and exothermically with 

oxygen.
▪ Basis for use as fuels.

4 10 2 2 22C H ( ) + 13O ( )  8CO ( ) + 10H O( )→g g g g
❖ Substitution Reactions of Alkanes 
1-( halogenation)
▪ Primarily where halogen atoms replace hydrogen atoms.

4 2 3

3 2 2 2

2 2 2 3

3 2 4

CH  + Cl   CH Cl + HCl

CH Cl + Cl   CH Cl  + HCl

CH Cl  + Cl   CHCl  + HCl

CHCl  + Cl   CCl  + HCl

⎯⎯→

⎯⎯→

⎯⎯→

⎯⎯→

hv

hv

hv

hv

The reactivity of alkane in substituted is 30>20>10



Reactions of Alkanes 

❖ (ELEMENATION) 
Dehydrogenation Reactions of Alkanes
▪ Hydrogen atoms are removed and the product is an unsaturated 

hydrocarbon.

2- Nitration :
When a mixture of an alkane and HNO3 at 400- 500 C0

. ONE hydrogen in alkane
is substituted by nitro group 



➢ Naming Cycloalkanes
o Count the number of carbon atoms in the ring and the number 

in the largest substituent chain. If the number of carbon atoms 
in the ring is equal to or greater than the number in the 
substituent, the compound is named as an alkyl-substituted 
cycloalkane

o For an alkyl- or halo-substituted cycloalkane, start at a point of 
attachment as C1 and number the substituents on the ring so 
that the second substituent has as low a number as possible.

o Number the substituents and write the name

cycloHydrocarbons



❖ Cycloalkanes:
➢ Cycloalkanes are alkanes that have carbon atoms that form a ring 

(called alicyclic compounds)
➢ Simple cycloalkanes rings of ⎯CH2⎯ units, (CH2)n, or CnH2n
➢ Structure is shown as a regular polygon with the number of vertices 

equal to the number of C’s (a projection of the actual structure)

Hydrocarbons

cyclopropane cyclohexane
cyclopentane

cyclobutane

❑Melting points are affected by 
the shapes and the way that 
crystals pack so they do not 
change uniformly



❖ Cycloalkanes:
➢ The Chair and Boat Forms of Cyclohexane

Hydrocarbons



➢ 2. alkene

➢ Unsaturated compound that contains at least one C=C bond is 

called an alkene.

o Alkenes are unsaturated and have the general formula CnH2n.

o Also called an olefin but alkene is better

o To name an alkene, the root name is determined by the 

number of C atoms in the longest chain that also contains 

the double bond.

o The C chain is numbered from the end closest to the double

bond.

o The suffix for alkenes is –ene.

Hydrocarbons



➢ Hybridization (Alkenes sp2):
o The electronic configuration of the isolated or ground-state carbon 

Combine only three of the orbitals, to make three equivalent sp2 -
hybridized orbitals (called sp2 because they are formed by combining 
one s and two p orbitals) 

o Three valence electrons are placed in the three sp2 orbitals. The 
fourth valence electron is placed in the remaining 2p orbital, 
whose axis is perpendicular to the plane formed by the three sp2

hybrid orbitals.
o A trigonal carbon with bond angles of 120º.

Alkenes



➢ Hybridization (Alkenes sp2):
o Schematic formation of a 

carbon–carbon double bond. 
Two sp2 carbons form a sigma 
(s) bond (end-on overlap of two 
sp2 orbitals) and a pi (p) bond 
(lateral overlap of two properly 
aligned p orbitals).

Alkenes



Naming Organic Compounds
EXERCISE!



Naming Organic Compounds



➢ 2. alkene

Hydrocarbons

NAME EACH OF THE FOLLOWING:

a)

2,3,5-trimethyl-2-hexene

b)

6-ethyl-3-methyl-3-octene

EXERCISE!

H3C CH CH2 C C CH3

CH3

CH3

CH3

H3C C CH CH2 CH CH2

CH2 CH2CH3 CH3

CH3



o The double bond of an alkene restricts rotation, so that the relative 
positions of the atoms attached to the double bond are fixed.

o Alkenes may exist as geometric or cis-trans isomers, which differ in 
the orientation of the groups attached to the double bond.

o Geometric isomers have different physical properties.

Geometric Isomers

The Geometric Isomers of 2-Butene



Geometric Isomers
➢ The initial chemical event in vision and the change in the shape of retinal.



NAMING  ACCORDING THE NUMBER OF 
DOUBLE BOND 

57

Rule
If there is more than one double bond in an alkene, all of the bonds
should be numbered in the name of the molecule - even terminal
double bonds. The numbers should go from lowest to highest, and be
separated from one another by a comma. The IUPAC numerical
prefixes are used to indicate the number of double bonds

CH3CH=CHCH=CHCH2CH2CH octa-2,4-diene

CH2=CHCH2CH2CH=CHCH2CH2CH2CH3 deca-1,5-diene



Sample Problem:   Naming Alkanes, Alkenes, and Alkynes?
Hydrocarbons

For (a) to (c), we find the longest continuous chain (root) 
and add the suffix –ane because there are only single
bonds. Then we name the branches, numbering the C 
chain from the end closest to the first branch and name 
the branches with the (root + yl). 
For (d) and (e) the longest chain must include the double
bond and the chain must be numbered such that the double 
bond occurs on the lowest numbered carbo.

PLAN:



Hydrocarbons
SOLUTION:

2,3-dimethylbutane

3,4-dimethylhexane

1-ethyl-2-methylcyclopentane



Hydrocarbons
SOLUTION:

3-methyl-1-pentene

cis-2,3-dimethyl-3-hexene



PHYSICAL PROPERTIES OF ALKENE 

61

• Alkene from C2-C4 are gases, C5-C15 are liquid and above the 
C15 is solid 

• Alkenes are insoluble in water but soluble in organic solvent 
• Alkenes are light than water 
• The melting point and boiling point rise with increase molecular 

weight 
• Branch chain alkenes have lower boiling point than straight chain 
• Alkenes have higher melting point than alkanes 



PREPARATION OF ALKENE 
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Alkenes are prepared in the laboratory by of the three general methods

• Dehydration of alcohols ( presence of acid ) 

• Dehydrohalogenation of alkyl halides ( presence of base/alcohol)

• Dehalogenation of vicinal dihalides ( presence of Zn/alcohol) 



Elimination reaction  

1- Dehydration of an Alcohol at higher Temperature/ Al2O3

Preparation of Alkenes

CH3

CH3

CH3C
OH

+  H2SO4 CH2

H3C
C

H3C

Easy of dehydration  
3O>2O>1O

2-methy propene
Or 
Isobutene  



DEHYDRATION OF UNSYMMETRICAL 
ALCOHOL 

64

2-Butene 
80%( major 1-butene 

20% (minor)

According to saytzeff rule which states that in dehydration 
the hydrogen is the eliminated from the Carbon with fewer 
number of H atoms 



2-DEHALOGENATION OF VICINAL DIHALIDES

65

Vicinal dihalide
A compound having two halogen atoms on adjacent carbon atoms 



➢ Electrophilic addition reaction 

➢ Addition Reactions 

Reactions of Alkenes

➢ Pi bonds (which are weaker than the C—C  bonds), 
are broken, and new s bonds are formed to the 
atoms being added.

➢ Addition of Halogens (Halogenation)
➢ Addition of halogen atoms of alkenes and alkynes.

C C +  X2 C C

X

X



CH3CH2CH CH2
Br2 CH3CH2CHCH2Br

Br

CH3CH CHCH2CH3
Cl2 CH3CHCHCH2CH3

Cl

Cl

❖ Example:

Reactions of Alkenes

CCl4



68

• When alkene react with HX the Hydrogen is added to the carbon with the 
most hydrogens and the halide is added to the carbon with least 
hydrogens

What is Markovnikov’s Rule?

What is anti-Markovnikov’s Rule? 

• When alkene react with HX in presence peroxide  the Hydrogen is 
added to the carbon with the least hydrogens and the halide is added 
to the carbon with most hydrogens

➢Addition of hydrogen 
halide(hydrohalogenation)

Alkene reaction with hydrogen halide according to 
Markovnikov’s rule



69

Peroxide present

Markovnikov’s and anti-Markovnikov’s

anti-Markovnikov’s

Markovnikov’s



Alkenes

❖ Alkenes typically undergo addition reactions (H2O/H+) 
according to Markovnikov’s Rule. 

▪ The electron-rich double bond is readily attracted to the 
partially positive H atoms of H3O+ ions and hydrohalic acids.



➢ Halohydrin Formation

Reactions of Alkenes

C C +  X2 C C

X

OH

H2O

CH3CH CHCH3
Br2
H2O CH3CHCHCH3

Br

OH

➢ Orientation of the OH toward the more stable carbocation 

(follows Markovnikov addition)



➢ Reduction of Alkenes
➢ Addition of Hydrogen (Hydrogenation)
o Reduction in general is addition of H2 or its equivalent Requires Pt, 

Pd, or Ni as powders on carbon and H2 Hydrogen is first adsorbed 
on catalyst Reaction is heterogeneous

Reactions of Alkenes

C C +  H2 C C

H H

M

M = Pt, Pd, or Ni

C C
CH3

H

CH3

H

H2
Pt CH3CH2CH2CH3

C C
H

CH3

CH3

H

H2
Ni CH3CH2CH2CH3

H2
Ni CH3CH2CH2CH3CH3CH2CH CH2

❖ Example:



➢ Hydroboration-Oxidation
o Herbert Brown  invented hydroboration (received the 1979 Nobel Chemistry 

Prize.)
o Borane (BH3) is electron deficient is a Lewis acid
o Borane adds to an alkene to give an organoborane

Reactions of Alkenes

❖ Example:

C C
1.  BH3

.THF
2.  H2O2

C C

HOH



➢ Addition Reactions Summary

Reactions of Alkenes and Alkynes



➢ 3. alkyne

➢ An alkyne is a hydrocarbon that contains at least one CΞC

triple bond.

o Alkynes have the general formula CnH2n-2 and they are also 

considered unsaturated carbons.

o Alkynes are named in the same way as alkenes, using the 

suffix –yne.

Hydrocarbons



➢ Double and triple bonds contain more than one bond.

➢ First bond is always strongest.

➢ Second and third bonds are weaker: therefore, react faster

o C=C bonds are ……………… than C-C bonds.

The Strengths of Bonds



➢ Hybridization (Alkynes sp):
o The carbon atom of an acetylene is connected to only two other atoms. 

Therefore, we combine the 2s orbital with only one 2p orbital to make two 
sp-hybrid orbitals

Hydrocarbons

o The angle between the two hybrid orbitals is 180°
o Linear



➢ Hybridization (Alkynes sp):
o A triple bond consists of the 

end-on overlap of two sp-
hybrid orbitals to form a s
bond and the lateral overlap 
of two sets of parallel 
oriented p orbitals to form 
two mutually perpendicular 
bonds

Hydrocarbons
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NAMENCULTURE OF ALKYNE  

• Like alkenes have the suffix –ene, alkynes use the ending –yne

RULE :
1- Find the longest carbon chain that includes both carbons of the triple bond
2-Number the longest chain starting at the end closest to the triple bond.
3-After numbering the longest chain with the lowest number assigned to the 
alkyne, label each of the substituents at its corresponding carbon

4-chloro-6-diiodo-7-methyl-2-nonyne
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FORMULA IUPAC COMMONE NAME 

CH≡ 𝐶𝐻 Ethyne Acetylene 

CH3C≡ 𝐶𝐻 Propyne Methyl acetylene 

CH3CH2C≡ 𝐶𝐻 1-Butyne Ethyl acetylene 

CH3C≡ 𝐶𝐶𝐻3 2-Butyne Dimethyl acetylene 

CH3CH2CH2C≡ 𝐶𝐻 1-Pentyne Propyl acetylene



PHYSICAL PROPERITES OF ALKYNE
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• Alkyne from C2-C3 are gases, C3-C8 are liquid and above 

the C9 is solid 

• Alkynes are slight soluble in water because of low polarity  

but soluble in organic solvent 

• Lower members are poisonous in nature 

• The melting point and boiling point rise with increase 

molecular weight 

• Branch chain alkynes have lower boiling point than straight 

chain 

• Alkynes have higher melting point than alkanes and alkene 



PREPARATION OF ALKYNE

82

Synthesis of alkyne by double dehydrohalogenation 
• Loss of two molecules of HX from a vicinal or geminal dihalide 

Geminal 
A compound having two halogen atoms  are attached to the same 
carbon atoms 



Reactions of Alkynes



Reactions of Alkynes
➢ Addition of Bromine

➢ Addition of HBr



Reactions of Alkynes
➢ Addition of H2

➢ Reactions as an acid
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Predict the product of the following reactions? 



Hydrocarbon derivates 
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➢ALKYL HALIDE
➢ALCOHOL
➢ETHER 
➢ALDEHYDE AND KETONE
➢CARBOXYLIC ACID 
➢ESTER
➢AMINE   

➢ Molecules that are fundamentally hydrocarbons but have 
additional atoms or groups of atoms called functional groups.



Haloalkanes

➢ Haloalkanes or alkyl halides contain a halogen atom 
bonded to carbon.

➢ The general formula is CnH2n+1X or RX
➢ Haloalkanes are named by identifying the halogen with 

a prefix on the hydrocarbon name. The C bearing the 
halogen must be numbered.

➢ CH3Cl the name is chloromethane 



Haloalkanes
❖ A tetrachlorobiphenyl, one of 209 polychlorinated biphenyls 

(PCBs). 



93



PREPARATION OF ALKYL HALIDE 

94



PHYSICAL PROPERTIES 
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• Chloromethane and bromomethane and chloroethane are gases Iodomethane is 
liquid 



Reactions of Haloalkanes

❖ Haloalkanes undergo substitution and elimination reactions.



97

➢ With potassium cyanide (KCN) to form Alkyl cyanide 
(nitrile )

➢ Reaction of Haloalkanes with Aqueous Alkali
Haloalkanes react with boiling aqueous alkalies to produce alcohols. The
general reaction and an example are given below

EXAMPLE : 

EXAMPLE 
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❑ Alcohols
➢ The alcohol functional group consists of a carbon bonded to 

an –OH group.

➢ Alcohols are named by replacing the –e at the end of the 
parent hydrocarbon name with the suffix –ol.

➢ Alcohols have high melting and boiling points since they can 
form hydrogen bonds between their molecules.
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Alcohols
❑ Some molecules with the alcohol functional group.



100
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Alcohols
❑ Alcohols are polar compounds.

❑ Alcohols are associated in the liquid state by hydrogen 
bonding
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Reactions of Alcohols

❖ Alcohols undergo elimination and substitution reactions.

dehydration (elimination)

oxidation 
(elimination)



Reactions of Alcohols



Reactions of Alcohols
❖ Oxidation and Redaction



Reactions of Alcohols
❖ Oxidation of Primary Alcohols



Reactions of Alcohols
❖ Oxidation of Secondary Alcohols



Reactions of Alcohols
❖ Oxidation of Tertiary Alcohols



➢ESTER FORMATION 

109

This reaction Depend on the cleavage of bond between H and O In 
alcohol 

➢ With strong acid ( H2SO4) Elimination of water 
This reaction Depend on the cleavage of bond between OH and C In 
alcohol 



Reactions of Alcohols
❖ Exercise

❖ Solution



Ethers
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unsymmetrical ethers

symmetrical ethers
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Ethers
❖ Nomenclature- Ethers



Ethers
❖ Physical prop.
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Ethers
❖ Reaction of Ethers
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Preparation

➢ From alkyl halides with dry silver oxide  
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Aldehydes and Ketones

➢ Aldehydes and ketones both contain the carbonyl group, 
C=O.

➢ Aldehydes are named by replacing the final –e of the alkane 
name with the suffix –al.

➢ Ketones have the suffix –one and the position of the 
carbonyl must always be indicated.

R and R′ indicate 
hydrocarbon groups.



Aldehydes and Ketones
❖ Some common and IUPAC naming of aldehydes



Aldehydes and Ketones
❖ Some common and IUPAC naming of ketones



Aldehydes and Ketones
❖ Some common aldehydes and ketones.

Methanal (formaldehyde) Used 
to make resins in plywood, 
dishware, countertops;  
biological preservative

Ethanal (acetaldehyde)
Narcotic product of ethanol 
metabolism; used to make 
perfumes, flavors, plastics, 
other chemicals

2-Propanone (acetone)
Solvent for fat, rubber, plastic, 
varnish, lacquer;  chemical 
feedstock 

2-Butanone 
(methyl ethyl ketone) 
Important solvent

Benzaldehyde 
Artificial almond 
flavoring



Aldehydes and Ketones
❖ The polar carbonyl group.

▪ The C=O bond is electron rich and is also highly polar. It readily 
undergoes addition reactions, and the electron-poor C atom 
attracts electron-rich groups.
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Aldehydes and Ketones
❑ Reactions of Aldehydes and Ketones

• Reduction to alcohols is an example of an addition reaction:

• Organometallic compounds, which have a metal atom 
covalently bonded to C, add to the electron-poor carbonyl C:

XXXX



Aldehydes and Ketones
Sample Problem: Predicting the Steps in a Reaction Sequence?

PLAN: For each step we examine the functional group of the 
reactant and the reagent above the yield arrow to decide on 
the most likely product.

PROBLEM: Fill in the blanks in the following reaction sequence:

SOLUTION: The first step involves an alkyl halide reacting with 
OH-, so this is probably a substitution reaction, which 
yields an alcohol. In the next step the alcohol is 
oxidized to a ketone and finally the organometallic 
reagent adds to the ketone to give an alcohol with one 
more C in its skeleton:



Aldehydes and Ketones

SOLUTION:



Carboxylic Acids

➢ Carboxylic acids are named by replacing the –e of the 
alkane with the suffix –oic acid.

➢ Carboxylic acids contain the functional group –COOH, or

➢ Carboxylic acids are weak acids in water, and react with 
strong bases:
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Carboxylic Acids
➢ Some molecules with the carboxylic acid functional group.

Methanoic acid (formic acid)
An irritating component of ant and 
bee stings

Butanoic acid  (butyric acid) 
Odor of rancid butter; suspected 
component of monkey sex 
attractant

Octadecanoic acid (stearic acid) 
Found in animal fats;  used in making 
candles and soaps

Benzoic acid
Calorimetric standard; used in 
preserving food, dyeing fabric, 
curing tobacco



Carboxylic Acids
➢ RCOOH Preparation Reactions

XXXX
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➢ RCOOH Preparation Reactions



Carboxylic Acids
➢ Carboxylic Acids via Oxidation 



Carboxylic Acids
➢ Grindar Reaction with CO2



Carboxylic Acids
➢ Typical RCOOH Reactions



Carboxylic Acids
➢ Carboxylates from Carboxylic Acids



Carboxylic Acids
➢ Acid Chlorides from Carboxylic Acids



Carboxylic Acids
➢ Ester Formation



Carboxylic Acids
➢ Amide Formation



Carboxylic Acids
➢ Reduction of Carboxylic Acids 



Esters

❑ The ester group is formed by the reaction of an alcohol 
and a carboxylic acid.

❑ Ester groups occur commonly in lipids, which are formed 
by the esterification of fatty acids.

Esterification is a dehydration-condensation reaction.
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Esters
❖ Some lipid molecules with the ester functional 

group.
Cetyl palmitate 
The most common 
lipid in whale 
blubber

Lecithin   Phospholipid found in all cell 
membranes

Tristearin Typical dietary fat 
used as an energy store in 
animals



Esters
❖ Which reactant contributes which group to the ester?

R C OH
O

R' OH
18

+ R C O
O

R'18
+ H O H

R C OH
O

R' OH
18

+ R C O
O

R' + H O H
18

R C OH
O

H OR'+ R C O
O

R' + H O HH+

General esterification reaction



Esters
Sample Problem:
Predicting the Reactions of the Carboxylic Acid Family?

PROBLEM: Predict the product(s) of the following reactions:

PLAN: We identify the functional groups in the reactant(s) and see 
how they change. In (a), a carboxylic acid reacts with an 
alcohol, so the reaction must be a substitution to form an 
ester. In (b), an amide reacts with aqueous base, so 
hydrolysis occurs.



Esters
SOLUTION:



Amines
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➢ The amine functional group contains a N atom.

➢ The systematic name for an amine is formed by dropping 
the final –e of the alkane and adding the suffix –amine.

➢ Common names that use the name of the alkyl group 
followed by the suffix –amine are also widely used.



Amines

189

❖ General structures of amines.

❖ Amines are classified according to the number of R groups 
directly attached to the N atom.



Amines
❖ Some biomolecules with the amine functional group.

Lysine (1°
amine)
amino acid found 
in proteins

Adenine (1°
amine)
component of 
nucleic acids

Epinephrine 
(adrenaline; 2° amine)
neurotransmitter in 
brain; hormone released 
during stress

Cocaine (3°
amine)
brain stimulant; 
widely abused drug



Properties and Reactions of Amines

191

▪ Primary and secondary amines can form H bonds; 
therefore they have higher melting and boiling points 
than hydrocarbons or alkyl halides of similar mass.

▪ Amines of low molar mass are fishy smelling, water 
soluble, and weakly basic.

▪ Tertiary amines cannot form H bonds between their 
molecules because they lack a polar N–H bond.

▪ Amines undergo a variety of reactions, including 
substitution reactions.



Amines
Sample Problem
Predicting the Reactions of Alcohols, Alkyl Halides, and 
Amines?

PLAN
:

We first determine the functional group(s) of the 
reactant(s) and then examine any inorganic reagent(s) 
to decide on the reaction type. Keep in mind that, in 
general, these functional groups undergo substitution
or elimination.

PROBLEM: Determine the reaction type and predict the product(s) 
for each reaction:



Amines
SOLUTION:

(a) In this reaction the OH of the NaOH reaction substitutes for the I 
in the organic reagent:

(b) This is a substitution reaction:

(c) This is an elimination reaction since acidic Cr2O7
2- is a strong 

oxidizing agent:



Amides

An amide contains the functional group:

Amides, like esters, can be hydrolyzed to give a 
carboxylic acid and an amine.

The peptide bond, which links amino acids in a protein, 
is an amide group.



Amides

Lysergic acid diethylamide (LSD-25)
A potent hallucinogen

❖ Some molecules with the amide functional group.

N,N-Dimethylmethanamide 
(dimethylformamide)
Major organic solvent; used in 
production of synthetic fibers

Acetaminophen
Active ingredient in nonaspirin 
pain relievers; used to make dyes 
and photographic chemicals



Amides
❖ Some molecules with the amide functional group.



Amides



Amines and Amides



Amines

SOLUTION:

❖Sample Problem
Recognizing Functional Groups?

PLAN: Use Table of functional group to identify the various functional groups. 

PROBLEM: Circle and name the functional groups in the following molecules:

carboxylic acid
ester

aromatic ring
aromatic ring

alcohol

2° amine

ketone

alkene
haloalkane



A summary of the interconversions among the major 
organic functional groups



THE 
END
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