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Organic Chemistry

• Organic chemistry deals with carbon-containing 
compounds that contain C-C or C-H bonds, and 
sometimes a few other elements such as oxygen, 
nitrogen, sulfur, phosphorus,  and the halogens. 
– there are many more compounds that contain carbon than 

there are compounds that do not
– the molecules containing carbon can be very simple and very 

complex 
• methane molecule contains five atoms per molecule
• DNA contains tens of billions of atoms per molecule.

Why is that?
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Alkanes
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Homologous series

Lars Birlenbach birlenbach@chemie.uni-siegen.de 7

Lars Birlenbach birlenbach@chemie.uni-siegen.de 8



15.12.2022

5

Lars Birlenbach birlenbach@chemie.uni-siegen.de 9

Lars Birlenbach birlenbach@chemie.uni-siegen.de 10



15.12.2022

6

Cycloalkanes
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Naming Saturated Hydrocarbons
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2-methylhexane

2,2-dimethylpentane
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2,2,4-trimethylhexane
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Writing Formulas from Names
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Write the structure for the compound 2-cyclopropyl-3-ethylpentane

Unsaturated Hydrocarbons: Alkenes
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Unsaturated Hydrocarbons: Alkynes
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Write the structural formula of 5,5-dimethyl-2-heptyne
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Aromatic Hydrocarbons
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Condensed aromatic systems
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Carbon nanotubes
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Functional Groups

• Organic Halides
• Alcohols and Phenols
• Ethers
• Aldehydes and Ketones
• Amines
• Carboxylic Acids
• Some Derivatives of Carboxylic Acids
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Alcohols and Phenoles
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Physical Properties
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polyols are alcohols that contain more than 
one ‐OH group per molecule
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Ethers
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Functional Groups

• Organic Halides
• Alcohols and Phenols
• Ethers
• Aldehydes and Ketones
• Amines
• Carboxylic Acids
• Some Derivatives of Carboxylic Acids
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Aldehydes
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Ketones

Lars Birlenbach birlenbach@chemie.uni-siegen.de 32



15.12.2022

17

Amines
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Carboxylic Acids
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Some Derivatives of Carboxylic Acids
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Fats (solids) and oils (liquids)

• are esters of glycerol and aliphatic acids of 
high molecular weight

• Fatty acids are long-chain organic acids 
whose esters occur in fats and oils.

• Waxes are esters of fatty acids and alcohols 
other than glycerol

Lars Birlenbach birlenbach@chemie.uni-siegen.de 37

Hydrogenation of fats
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Autoxidation
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Linoleic acid is used in making quick-drying oils, 
which are useful in oil paints and varnishes. 
These applications exploit the easy reaction of 
the linoleic acid with oxygen in air, which leads 
to crosslinking and formation of a stable film 
called linoxyn

Carbohydrates
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Amino Acids
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a-Amino acids are substituted carboxylic acids with the general structure

where R can be either an alkyl or an aryl group. a-Amino 
acids are the components of proteins, which make up the 
muscle and tissue of animals
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Common Amino Acids Found in Proteins
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A protein is a biopolymer, of molecular weight typically 5000 g/mol or 
greater, consisting of one or more polypeptide chains. The a-amino acids 
that occur in nearly all proteins are the L optical isomer.

Lars Birlenbach birlenbach@chemie.uni-siegen.de 46



15.12.2022

24

Polypeptides and Proteins
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Each protein consists of one or more polypeptide chains with a unique sequence 
of amino acids. The order of these monomers is termed the primary structure 
of the protein.
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The secondary structure of a protein is 
the arrangement in space of the 
polypeptide backbone, without reference 
to the conformations of the side chains 
(R groups).

The tertiary structure of a protein 
describes the overall shape of the 
protein, including the side chains and 
any other nonpeptide components of 
the protein.

Some proteins consist of multiple 
polypeptide units called subunits. These 
subunits are held to one another by 
noncovalent interactions such as 
hydrogen bonding, dipole–dipole 
interactions, or ionic attractions to form 
the quaternary structure of the protein.
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Spider Silk
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Schematic representation of the hierarchical structure of spider silk 
including detailed views of the microscale structure and flaws in silk fibers.



15.12.2022

26

Keratin based biomaterials
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ball-and-stick model of the polypeptide chain, and α-helix showing the location 
of the hydrogen bonds (red ellipse) and the 0.51 nm pitch of the helix
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Schematic drawing of the intermediate filament formation: α-helix chains twist to 
form the dimers, which assemble to form the proto-filament. Four proto-filaments 
organize into the intermediate filament
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Isomerism
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Constitutional Isomers
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Stereoisomers
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Optical Isomers

No Optical Isomers
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Optical Isomers
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Conformations
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Conformations
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Oxidation of alcohols
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Oxidation of alcohols: primary
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Oxidation of alcohols: secondary
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