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INTRO TO ORGANIC CHEM – SUMMARY
Bonding and Shapes in Organic Compounds

Eg CH4

C (ground state): 1s22s22p2                                          

Only 2 unpaired electrons hence can only form 2 σ bonds. 
Hence excitation occurs and electron from 2s is promoted 
to 2p

C (excited state):

4 unpaired electrons but electrons in p orbitals are 
perpendicular to each other and not tetrahedral.

• Both ground state and excited state of C is insufficient to explain the shape of CH4. Hence concept of 
hybridisation is required.

• Hybridisation is the mixing of valence orbitals to form  σ bonds. 

CH4 CH2=CH2 CH≡CH

Displayed 
formula

No of σ bond 4 3 2

Electron 
config

Mix 2s + 2px + 2py + 2pz 2s + 2px + 2py 2s + 2px

Giving

4 x sp3 hybridised orbitals 3 x sp2 hybridised orbitals + 
unhybridised 2pz

2 x sp hybridised orbitals + 
unhybridised 2py + 2pz

Shape

Tetrahedral Trigonal planar Linear

• Hence from the number of σ bonds formed for each C, the state of hybridisation can be deduced

CN C C
H

H
O C

O
C
H

H

• Hybridisation occurs in ALL simple covalent compounds, not only for carbon in organic compounds
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Classification of Organic Compounds
Hydrocarbons can be classified as:

• aliphatic (straight or branched chain) eg hexane C6H14

• alicyclic (closed ring) eg cyclohexane C6H12

• aromatic eg benzene C6H6

Functional Group
• Each  type  of  organic  compound  contains  the  same  reactive  group  of  atoms  that  governs  the 

chemical properties. This reactive group of atoms is called a functional group. 
• Compounds in a  homologous series with the same functional group and general  formulae are 

called homologues. They have similar chemical properties due to the same functional group.
Compound Functional group Prefix or suffix Example

Alkane
(CnH2n+2) -ane C

H
H

H
H

Methane

Alkene
(CnH2n) C C -ene C C

H

HH

H

Ethene

Halogenoalkane X
(X = F, Cl, Br, I)

halo- C Cl
H

H
H

chloromethane

Alcohol OH -ol C
H

OH
H

H

methanol

Aldehyde C
O

H
-al C C

O

H

H

H
H

ethanal

Ketone C
O

-one
C

O
CH3

CH3
propanone

Carboxylic acid C
O

OH
-oic acid C

O

OH
CH3

ethanoic acid

Ester C
O

O

-thyl -oate
(alcohol, acid)

C
O

CH3

O CH3
methyl ethanoate
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Acid chloride C
O

Cl
-oyl chloride C

O

Cl
CH3

ethanoyl chloride

Amide C
O

NH2

-amide
C

O
CH3

NH2
ethanamide

Amine NH2 -amine
CH3CH2 NH2

ethylamine

Nitrile C N -nitrile
C NCH3CH2

propanenitrile

Benzene 
derivatives X

X = OH, Cl, 
CHO, COOH, 
NH2

chlorobenzene

Exercise 1
List the functional groups present in the following:
(a)

H C C C
H O H

HH
C
H

N
H

H

H
(b)

O
C

O CH3

C O
OH

(c)

C NC
H

H
H O H

OH

Formulaes to describe Organic Compounds
Formula Description Eg ethanoic acid Eg butane

Empirical Simplest ratio CH2O C2H5

Molecular Numbers of atoms present C2H4O2 C4H10

Structural Arrangement of atoms shown CH3COOH CH3CH2CH2CH3

Displayed All bonds shown

Skeletal C and H directly bonded to  C 
are not shown
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IUPAC Nomenclature for Organic Compounds
Naming compound from given structure

1. Identify most important Functional Group (FG). Halogen assigned as Substituent.
2. Find longest chain that contains FG
3. Identify and assign number to FG and Substituent

a) smallest number assigned to FG
b) if no FG, smallest number assigned to Substituent
c) if more than 1 Substituent, sum of numbers as small as possible

4. Arrange Substituent in alphabetical order
a) no spacing between letters
b) dash “-” between letter and number
c) comma “,” between numbers
d) numbers represent position of FG and Substituent
e) if have 2, 3 or 4 of the same Substituent, add prefix “di”, “tri”, or “tetra” respectively

Examples: 
CH2ClCH2COOH, CH3CH2CH2CH(CH2CH3)CH3, CH3CH2CH(CH2CH3)COOH, CH3C(CH3)2CHICH2CH3

Drawing structural formula from name
1. Draw and number parent skeleton
2. Draw FG
3. Draw all Substituents from Left to Right
4. Fill in remaining Hydrogen
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Exercise 2
Give IUPAC names for the following structures:

a.

CH3 C
H

H
C
H

CH3

CH2CH3

b.

CH3 C
H

CH2CH2CH3

C
H

H
Cl

c.

CH3 C
H

H
C
Cl

CH3

C
H

H
OH

d.

CH3 C
H

CH2CH3

C

H

Cl
C
H

OH
CH3

e.

CH3

methylcyclopentane
f.

CH3CH2

CH3

1-ethyl-3-methylcyclopentane

Exercise 3
Draw the displayed structures for the following compounds
a. 2-methylbutan-2-ol
b. 1-bromo-1-methylcyclohexane
c. 6-oxoheptanoic acid
d. 2-hydroxy-2-methylpropanoic acid

Isomerism
• different  compounds  possessing  the  same  molecular  formula but  existing  in  different  forms 

because they have different arrangement of atoms. 
◦ Structural Isomerism – same molecular formula but different structural formula
◦ Stereoisomerism – same structural formula but different spatial arrangement of atoms

▪ Total number of stereoisomers = 2n, where  n is the number of stereocentres (chiral C or 
alkene with cis-trans isomerism)

Types of Structural Isomerism
Type Due to Example

Chain Different  arrangement  of 
carbon chain

C4H10

Positional Different position of FG C4H10O

FG Different FG C4H8O2

Exercise 4
Draw structural formula of all possible isomers for C5H12.
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Types of Stereoisomerism
Type Due to Example

Geometric 
(cis-trans)

Restricted rotation about double bond (alkene)
Each  carbon  that  is  part  of  the  double  bond  must  be  bonded  to  2 
different groups

aC bC

A B

D E
Structure with bulkier groups on the  same side of double bond is  cis-
isomer, while structure with bulkier groups on opposite sides of double 
bond is trans-isomer.
Cis-isomer has  higher boiling point than trans-isomer as the  bulkier 
groups are on the same side, hence more polar. However, cis-isomer 
has a lower melting point as it has  lower symmetry and packing in 
the solid state is less efficient.

CH3CH=CHCH3

Optical Asymmetrical molecules due to presence of chiral carbon
Carbon is chiral when bonded to 4 different groups.

Optical  isomers or  enantiomers are  non-superimposable  mirror 
images of each other. 
They have identical properties except for the following:
Physical – both are optically active. Specific rotation of plane polarised 
light are equal in magnitude but opposite in direction
Chemical  – different chemical  properties in presence of  another chiral 
molecule. Eg a chiral enzyme will  only catalyse one enantiomer while 
leaving the other unchanged.
A racemic mixture of equal amounts of both enantiomers has no net 
optical activity as the rotating capacity of  one enantiomer is  exactly 
cancelled out by the other.

CH3CH(OH)COOH

Exercise 5
a. Determine if the following compounds exhibit geometric isomerism and draw the structures of the isomers 
if any.
i. (CH3)2C=CHCH3 ii. CH3CH2C(CH3)=CHCOOH iii.    

b. Determine if the following compounds exhibit optical isomerism. Identify any chiral centre with an asterisk 
and draw structures of the isomers.
i. butan-2-ol ii. 4-ethyl-4-methylhexane
c. Determine the number of stereoisomers for the following compounds
i. ii. 
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Terms and Concepts in Organic Reactions
Term Description Example

Homolytic 
fission

Bond breaks equally to form 2 neutral radicals Cl2

Heterolytic 
fission

Bond breaks unequally to form 2 oppositely charged 
ions

HCl

Addition 
reaction

2 reactants combine to give a larger compound H
C

H
C

H

H
H Br H C

H
C
Br

H
HH

+

ethene
(alkene)

bromoethane
(alkyl halide)

Elimination 
reaction

Removal of group of atoms from the reactant H
C

H
C

H

H
H BrH C

H
C
Br

H
HH

+

ethene
(alkene)

bromoethane
(alkyl halide)

base

Substitution 
reaction

Replacement of group of atoms with another
H C

H
H

H
Cl Cl H C

H
Cl

H
H Cl+ +

methane
(alkane)

chloromethane
(alkyl halide)

UV

Condensatio
n reaction

Addition  of  2  compounds  followed  by  removal  of 
small molecule like H2O, HCl or NH3

Hydrolysis 
reaction

Reaction of compound with water, usually catalysed 
by acid or base CH2CH3 C

O
OCH2CH3

CH2CH3 C
O

OH OH CH2CH3

1. NaOH, H2O

2. H3O+
+

propyl ethanoate
(ester)

propanoic acid
(carboxylic acid)

ethanol
(alcohol)

Oxidation 
reaction

Addition of oxygen and/or removal of hydrogen
CH2CH3 C

H

H
OH

CH2CH3 C H

O

CH2CH3 C OH

O

propanol
(alcohol)

propanal
(aldehyde)

propanoic acid

Reduction 
reaction

Removal of oxygen and/or addition of hydrogen

CH2CH3 C
H

H
OHCH2CH3 C H

O

propanol
(alcohol)

propanal
(aldehyde)

Free radical Odd electron species hence very reactive
Reacts with anything it comes into contact with

Cl

Electrophile
E+

electron  deficient  group  hence  likes  electron  rich 
sites
Reacts with Nu- and not other E+

NO2
+, Br+

Nucleophile
Nu-

Electron  rich  group  hence  likes  electron  deficient 
sites
Reacts with E+ and not other Nu-

OH-, NH3, CN-

Electron 
Donating 
Group (EDG)

Increase electron density of group it is attached to. 
Makes that group more electron rich

-R     -OH     -OR     -NH2     -NHR     - NR2

Electron 
Withdrawing 
Group (EWG)

Decrease electron density of group it is attached to. 
Makes that group more electron deficient.

-X      -NO2     -CN     -CHO     -COR     -COOH
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