
Introduction:

The field of Organic Chemistry not only includes compounds of carbon and hydrogen, but also hydrocarbon derivatives including aromatic hydrocarbons, carboxylic acids, alcohols and esters.  There are others as well but this activity will be limited to these types of hydrocarbon derivatives.

Aromatic Hydrocarbons 

An aromatic hydrocarbon is a hydrocarbon in which the molecular structure includes one or more planar sets of six carbon atoms that are connected by delocalized electrons.  (Delocalized electrons are electrons in a molecule that are not associated with a single atom or to a covalent bond.  Delocalized electrons are contained within an orbital that extends over several adjacent atoms).  They number the same as if they consisted of alternating single and double covalent bonds.  The term 'aromatic' was derived from the fact that many of the compounds have a sweet scent. This sweet scent actually came from impurities in the compounds (which are not actually aromatic). The configuration of six carbon atoms in aromatic compounds is known as a benzene ring, after the simplest possible aromatic hydrocarbon, benzene. Aromatic hydrocarbons can be monocyclic (1-ring) or polycyclic (many rings).  Some non-benzene-based compounds called heteroarenes, are also aromatic compounds. In these compounds, at least one carbon atom is replaced by one of the heteroatoms oxygen, nitrogen, or sulfur. 

Benzene, C6H6, is the simplest aromatic hydrocarbon and was recognized as the first aromatic hydrocarbon, with the nature of its bonding first being recognized by Friedrich August Kekulé von Stradonitz in the 19th century. Each carbon atom in the hexagonal cycle has four electrons to share. One goes to the hydrogen atom, and one each to the two neighbouring carbons. This leaves one to share with one of its two neighbouring carbon atoms, which is why the benzene molecule is drawn with alternating single and double bonds around the hexagon.

Many chemists draw a circle around the inside of the ring to show six electrons floating around in delocalized molecular orbitals the size of the ring itself. This also accurately represents the equivalent nature of the six bonds all of bond order ~1.5. 
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Polycyclic aromatic hydrocarbons are chemical compounds that consist of fused aromatic rings and do not contain heteroatoms or carry substituents.  These compounds can be point source pollutants (e.g. oil spill) or non-point source (e.g. atmospheric deposition) and are one of the most widespread organic pollutants.  Some of them are known or suspected carcinogens, and are linked to other health problems. They are primarily formed by incomplete combustion of carbon-containing fuels such as wood, coal, diesel, fat, tobacco, or incense.
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An illustration of typical polycyclic aromatic hydrocarbons. 
Source: NASA
Some common Aromatic Hydrocarbons:
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Carboxylic Acids

Carboxylic Acids are any of a class of organic compounds in which a carbon atom is bonded to an oxygen atom by a double bond and to a hydroxyl group by a single bond.  A fourth bond links the carbon atom to a hydrogen atom or to a carbon atom.  Carboxylic acids occur in nature and also can be synthesized.  They are used as solvents and to prepare many chemical compounds.  The general formula for carboxylic acids is, R-COOH, where R is a hydrogen atom or an alkyl (hydrocarbon) group. 
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A common carboxylic acid is Vinegar, which is a dilute solution of acetic acid biologically produced from the fermentation of ethanol.   Another is butanoic acid (CH3(CH2)2COOH) which is the compound formed when butter turns rancid.  Compounds may also have two (or more) carboxylic acid groups per molecule.   Some dicarboxylic acids are used to prepare polymers such as nylon.  

Alcohols
An alcohol is any compound with an OH group (alcohol group) attached to singly bonded hydrocarbons (alkanes). 
Methanol, the simplest alcohol, is the main reactant used in the manufacturing of many important organic compounds. It is also widely used as a solvent for lacquers, varnishes, shellacs, and polishes. Methanol is very poisonous. Drinking methanol can cause blindness and even death.

Ethanol is the alcohol base of alcoholic beverages. For this purpose it is made by the fermentation of sugar from various plants. The type of plant and the conditions of fermentation determine the type of beverage produced -- beer, wine, vodka, gin, etc. In fermentation, bacteria, yeasts, or moulds act on sugar and break it down into ethanol and carbon dioxide:
C6H12O6 (sugar) [image: image5.png]


2 C2H5OH (ethanol) + 2 CO2
It can also be made from ethene by the addition of water for other uses, like as an additive to gasoline to prevent the freezing of gas lines in automobiles.  Ethanol is also widely used in industry as a solvent and in the synthesis of many organic compounds.  The ethanol molecule is shown below:
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Esters

Most esters have pleasant odors.  Esters are responsible for the fragrances of many flowers and the pleasant tastes of ripened fruits.  Bananas contain the ester amyl acetate, and oranges the ester octyl acetate.  Beeswax and other waxes are composed of esters, as are animal and vegetable fats and oils.
Esters have the general formula, R-COOR’, where R and R’ are hydrogen atoms or alkyl (hydrocarbon) groups.




Esters can be synthesized in a condensation reaction between a carboxylic acid and an alcohol in a reaction known as esterification.
(Phosphoric acid, sulfuric acid, nitric acid, and boric acid can also be esterified but for the purposes of this course, only carboxylic acid esters will be considered).


Student Activity:
Objective:  To choose a group of chemicals from the list of  Aromatic Hydrocarbons, Carboxylic Acids, Alcohols and Esters and research and present on the uses and sources of these chemicals.  The Presentation will be in poster or Powerpoint form and will be marked according to a rubric.
1. Choose a group of chemicals from the following list:
· Aromatic Hydrocarbons
· Carboxylic Acids 
· Alcohols

· Esters

2. Research your group of chemicals. 

a) Fully describe the group of chemicals you have chosen.

b) State the source of the group of chemicals.

c) Discuss the uses of the group of chemicals.

d) State some common substances (other than those given in the introduction) that fall into the class of compounds you have chosen. 

3. Prepare a poster or Powerpoint presentation illustrating the information found in your research and present your research to the class.
Sample Presentation Rubric:

	Criteria
	Levels of Performance

	
	1
	2
	3
	4

	1. Organization and Clarity: 
The group of chemicals and its uses and sources are outlined both clearly and orderly on a poster or Powerpoint presentation.
	Poster or Powerpoint presentation is unclear in most parts
	Poster or Powerpoint presentation is clear in some parts but not overall
	Poster or Powerpoint presentation is mostly clear and orderly in all parts
	Poster or Powerpoint presentation is completely clear and orderly

	2. Content:
The group of chemicals and its uses and sources studied contains pertinent information
	Content is poorly  researched and does not contain all required information
	Content is inadequately-researched and only contains some of the required information
	Content is adequately-researched and contains most of the required information
	Content is well-researched and contains all required information

	3. Presentation Style: 
Tone of voice, use of gestures, and level of enthusiasm are convincing to audience.
	Few style features were used; not convincingly
	Few style features were used convincingly
	All style features were used, most convincingly
	All style features were used convincingly


Uses/Sources of Aromatic Hydrocarbons, Carboxylic Acids, Alcohols and Esters
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Tutorial on Esters and Esterification:


� HYPERLINK "http://www.ausetute.com.au/esters.html" �http://www.ausetute.com.au/esters.html�











