
  The study of carbon-containing compounds. 

  Organic compounds contain backbones 
comprised of chains and/or rings of carbon 
and hydrogen atoms. 

  Commonly used formulas are empirical, 
molecular, structural (bond-line, condensed 
and 3-D), which are most commonly used 
over empirical, molecular formulas. 

Bonding Arrangements

Orbitals / Bonding / Shape 
Atomic s and p orbitals 

Orbitals / Bonding / Shape 
Mixing Atomic Orbitals 

Hybridization of s and p orbitals  



The atomic orbitals used in bond formation 
determine the bond angles  

•  Tetrahedral bond angle: 109.5° 

•  Electron pairs spread themselves into space as far from  
  each other as possible 

sp2 hybridization 

A Triple Bond 
sp-hybridization 

•  A triple bond consists of one σ bond and two π bonds 
with a bond order of 3. 

• Triple bonds are shorter and stronger than double bonds 
•  There is a bond angle of the sp carbon: 180° 

Each C atom is trigonal planar with sp2 hybridized orbitals.
There is no rotation about the C=C bond in alkenes.

Each C atom is tetrahedral with sp3 hybridized orbitals.
Each C atom is linear with sp hybridized orbitals.

Each C--C bond is the same length; shorter than a C-C bond: longer than a C=C bond.
The concept of resonance is used to explain this phenomena.



It is easy to rotate about the C-C bond in alkanes.

An acyclic (noncyclic) hydrocarbon alkane has 12 carbon atoms.  
How many hydrogen atoms would one molecule of the 
compound possess?

A.  12
B.  24
C. 26
D. It would depend on more than just the number of carbon
atoms; it cannot be predicted without more information.

Molecular Representations

Empirical Formula, Molecular Formula, Structure: 
(Lewis, Kekule, Condensed, Line), Visual Model: 

wireframe, stick, ball & stick, space filling, 
electrostatic, energy surface

Molecular formula: ??  Empirical Formula: ??

Bond-Line Structure ??:



Examples of Alkyl Substituents

2,3-dimethylbutane has how many carbon atoms in its longest 
continuous carbon chain?

A. 2
B. 3
C. 4 
D. 6

How many carbon atoms are present per molecule in the 
compound 3-methyl-4-ethyloctane?  How many of those are 
present on the side chains (branches) only?

A. 11 total; 3 on branches
B. 15 total; 7 on branches
C. 12 total; 3 on branches
D. 15 total; 2 on branches

Draw a bond-line structure for:
4-ethyl-3,5-dimethylnonane 



Different Kinds of Alkyl Carbon Atoms

1.  Notice that methyl itself is not considered.
2.  Notice the number of H atoms: 1o= 2H; 2o= 1H; 3o= 0 
3.  This distinction is not limited to halides, but applies to all 

sp3 hybridized carbon atoms with a substituent, eg. –OH 
(alcohols), etc. 

4.  For non-substituted C atoms an H atom replaces the 
substituent. eg. R-CH2-H = R-CH3 = primary, etc.

Different Kinds of sp3 Carbon and 
Associated Hydrogen Atoms

Draw a bond-line structure for:
cis-4-methyl-2-hexene



How many hydrogen atoms would be part of 
one molecule of cyclopentene? 

A. 4 
B. 5 
C. 8 
D. 10 

Draw a bond-line structure for:
4-methyl-1-pentyne

•  Aromatic structures are formally related to benzene.
•  Resonance forms provide for delocalized π electrons leading to equal 
bond lengths. The net result is represented as a circle in the ring.



Hydrocarbons / Oil Refining 
http://science.howstuffworks.com/environmental/energy/oil-refining4.htm 

Bond-line structures (omitting H atoms).

1.

2.

3.

4.

ketone

aldehyde

carboxylic acid

ester (carboxylic acid ester)

Identify the functional groups in the following 
molecule.

A) Alcohol, amide, carboxylic acid 
B) Aldehyde, amine, ester
C) Alcohol, amine, carboxylic acid
D) Aldehyde, amide, ketone





An important biological alcohol is cholesterol.
Cells cannot survive without it!



[O] Oxidation: adding O, N or X; or removing hydrogens

[H] Reduction: adding hydrogens or removing O, N or X

[O] Oxidation: adding O, N or X; or removing hydrogens
[H] Reduction: adding hydrogens or removing O, N or X

Indicate if the reaction in the direction of the arrow is respectively 
oxidation [O] or reduction [H]. 

Alcohol Oxidation: 
(Removing 2 hydrogen atoms)

1o alcohols produce aldehydes, which can oxidize further
2o alcohols produce ketones

3o alcohols do not react

Name an oxidation product of 2-butanol. 

A.  Butanoic acid 
B.  2-butanal 
C.  Butanone 
D.  Butanal 

Which of the following possible starting materials 
would be best used to prepare benzoic acid in 
one step using an oxidation reaction? 

A.  Benzaldehyde 
B.  2-phenylethylalcohol 
C. Benzene 
D. Phenol 



http://chemconnections.org/organic/chem226/Labs/Smell/ChemComm.html Esters are often associated with the aromas and 
tastes of fruits.  The ester methyl butyrate is 
associated with apples.  What compounds would 
be observed if this ester were to break down into 
its original components? 

A. Methanal and butanone 
B. Methanol and butanone 
C. Methanol and butanoic acid 
D. Methanoic acid and butanol 

Saponification, hydrolysis of an ester in the presence of a 
base, is the reverse of esterification. Fats saponify to give 
fatty acids plus glycerols. (eg.triglycerides) 



The compound diethyl amine that can be used 
as a curing agent in some epoxy materials 
would have how many hydrogen atoms per 
molecule? 

A.  7 
B.  10 
C. 11 
D. 12  Diastereomers 

(Chiral: 
Non-superimposable 
Non-Mirror Images; 

multiple chiral centers) 

Enantiomers 
(Chiral: 

Non-superimposable 
Mirror Images) 

  Molecules which have the same 
molecular formula, but differ in the 
arrangement of their atoms, are called 
isomers.

  Constitutional (or structural) isomers 
differ in their bonding sequence.

  Stereoisomers differ only in the 
arrangement of the atoms in space. 



cis – or (Z-) same side trans – or (E-) across 

cis-trans isomers are geometric isomers.
There must be two different groups on the sp2 carbons. 

No cis-trans isomers in top two isomers, only the bottom two.

(+) dextrorotatory
(-) levorotatory

The mirror image of an enantiomer will rotate the plane of polarized 
light by the same amount in the opposite direction. Eg (+) d-carvone 
+62o (caraway) and (-) l-carvone -62o (spearmint)…. What about a 50:50 
(racemic) mixture?



Each sp3 carbon atom with four different substituents are chiral.
Tartaric acid has 2 chiral carbon atoms.

The monosaccharide mannose has how 
many chiral carbon centers?

A.  None

B.  Two

C.  Four

D.  Six

Cholesterol can have how many possible stereoisomers?



A. & B. = enantiomers
A. & C. and B. & C. = diastereomers

A.
B.
C.
D.

D. = racemic mixture (50% A. & 50% B.) 

Louis Pasteurʼs lab notebook page (1848)

A. = naturally occuring form found in wine 

Macromolecules which are made from small 
molecules, monomers, or co-monomers 
which structurally repeat themselves. 

   Monomer   Polymer 
  Ethylene   Polyethylene 
  Vinyl chloride  Polyvinyl chloride 

      PVC 
  Tetrafluoroethylene  Teflon     
  Proteins   Amino Acids   

A macromolecule which is a poly-amide. 

    

Using a condensation mechanism predict the number 
of hydrogen atoms found in one unit of the theoretical 
copolymer dimer formed between 
hexamethylenediamine and oxalic acid. 

1.  14 
2.  16 
3.  18 
4.  20 



The synthetic polymer polyethylene is made from the 
monomer ethene or also referred to as ethylene. The 
polymer has no carbon branching. Polypropylene is 
made from the monomer propene. As propene 
monomers are added together, a chain with methyl 
branches can form.  In such a chain how many carbon 
atoms would be between each branch.  Note:  these 
carbon atom(s) themselves would have no branches. 

A.  1 
B.  2 
C.  3 
D.  none 

Waste / Recycling?

~250 billion pounds produced 
annually, worldwide.


