An Introduction to Organic Chemistry

OBJECTIVES:

1. State what organic chemistry is.

2. Describe the features of a homologous series.

3. Predict and explain the trends in boiling points of members of a homologous series.

4. Draw structural formulas for the isomers of the non-cyclic alkanes up to C6.
5. State the names of alkanes up to C6, straight and branch-chained.
The word organic is one of the most overused in the English language.  People use it as a derogatory term in phrases like Don't eat that; it's not organic. Of course, there is a precise scientific definition of the word.  In science, organic can be a biological or chemical term.  In biology it means any thing that is living or has lived.  The opposite is non-organic.  In chemistry, an organic compound is one containing carbon atoms.  The opposite term is inorganic.

There are over 10 000 000 substances known to chemists.  For more than 200 years, chemists have divided these materials into two categories with common features.  Those isolated from plants and animals were classified as organic, while those that trace back to minerals were inorganic.  At one time, chemists believed that organic compounds were fundamentally different from those that were inorganic because organic compounds contained a vital force that was only found in living systems.  

Organic substances are compounds that contain carbon.  Originally, they were defined as compounds that could be obtained from living organisms, since all living organisms contain carbon.  Today, organic chemistry is seen as a study of the compounds of carbon.  Inorganic substances are the elements and compounds of all elements other than carbon.  Originally, they were defined as substances that came from nonliving sources.  

There are exceptions to the rules.  Some compounds that contain carbon are considered inorganic.  Ex. C2, CN-, CO2
Most atoms are only capable of forming small molecules. However one or two can form larger molecules.  By far and away the best atom for making large molecules with is carbon. Carbon can make molecules that have tens, hundreds, thousands even millions of atoms!  The huge number of possible combinations means that there are more carbon compounds that those of all the other elements put together! 

A single Carbon atom is capable of combining with up to four other atoms. We say it has a valency of 4.  Sometimes a carbon atom will combine with fewer atoms.  The unique thing about the carbon atom is that it will combine with other carbon atoms.  This means that carbon atoms can form chains and rings onto which other atoms can be attached.  This leads to a huge number of different compounds.  Organic chemistry is essentially the chemistry of carbon.  Carbon compounds are classified according to how the carbon atoms are arranged and what other groups of atoms are attached.
Although a cell is composed of seventy to ninety percent water, most of the rest of the cell contains carbon-based compounds.  DNA, proteins, carbohydrates, and other molecules that distinguish living matter from inanimate material are composed of carbon atoms that are bonded to one another and to atoms of other elements.  Hydrogen (H), phosphorus (P), sulfur (S), oxygen (O), and nitrogen (N) are other common ingredients of these compounds.  It is carbon that accounts for the endless diversity of biological molecules. 

The percentage of major elements of life-P, S, C, H, O and N are quite uniform from the individual to individual.  The atoms of organic molecules can be arranged in so many different ways that uniqueness of each organism is ensured.  Carbon atoms are the most versatile building blocks of molecules.  The versatility allows a limited assortment of atomic building blocks, taken roughly the same portions, to be used to build an inexhaustible variety of organic molecules. 

In the nineteenth century chemists had learned to make many simple compounds in the laboratory by combining elements under the right conditions.  Around this time Swedish Chemist Jons Jakob Berzelius first made the distinction between organic compounds, those that seemingly could arise only within living compounds, and inorganic compounds.  The new discipline of organic chemistry was first built on a foundation of vitalism.

Soon chemist began to delve into the foundation of vitalism when they learned to synthesis organic compounds in their laboratories.  A German chemist, Friedrich Wohler, in 1828 studied with Berzelius, he attempted to make inorganic salt, ammonium cyanate, by mixing solutions of ammonium and cyanate ions.  Wohler was astonished to find instead of the expected product, he had made urea, an organic compound present in the urine of animals.  Wohler challenged the vitalists when he wrote “I must tell you that I can prepare urea without requiring a kidney or an animal, either man or dog.”  Yet, one of the ingredients used for synthesis, the cynate, had been extracted from animals blood, and the vitalists were not swayed by Wohler’s discovery.  Within a few years, Herman Kolbe, a student of Wohler’s, made the organic compound acetic acid from inorganic substances that could themselves be prepared directly from pure elements. 

After all of this the foundation of vitalism was shaking. Several decades later it crumbled from laboratory synthesis of increasingly complex organic compounds.  Then in 1935, Stanley Miller, a graduate of the University of Chicago, helped place this abiotic synthesis of organic compounds into the context of evolution.  Miller used the laboratory simulation of chemical conditions on the primitive Earth to demonstrate that the spontaneous synthesis of organic compounds may have been an early stage of the origin of life. 

These pioneers in organic chemistry had shifted the mainstream of biological thought from vitalism to mechanism, the belief that all natural phenomena are governed by physical and chemical laws. Organic chemistry was redefined as the study of carbon compounds, regardless of their origin. The foundation of organic chemistry is not some intangible life force, but the unique chemical versatility of the element carbon. 

Homologous series – a series of compounds in which one compound differs from a preceding one by a CH2 group

Emperical Formula: simplest ration between the atoms of the elements in a compound.  C1H2
Molecular Formula: indicates the actual number of atoms of each element in the molecule. C2H4   C3H6   C4H8
In most organic compounds, electrons are shared between a carbon atom and 1 or more other carbon atoms.  Because of this, carbon is able to form long, chained molecules, unlike any other element.  Carbon is also able to form double and triple bonds with other carbon atoms.
Hydrocarbons

The simplest organic compounds are made up of only carbon and hydrogen atoms only. Even these run into thousands!  Compounds of carbon and hydrogen only are called hydrocarbons. 

Alkanes 

The simplest hydrocarbon is methane, CH4.  This is the simplest member of a series of hydrocarbons.  Each successive member of the series has one more carbon atom than the preceeding member.  This is shown in the table below. 

	Formula
	Structure
	Name / Uses

	CH4
	
	Methane - gas used for cooking.

	C2H6
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	Ethane

	C3H8
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	Propane - heating fuel.

	C4H10
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	Butane - lighter / camping fuel.

	C5H12
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	Pentane

	C6H14
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	Hexane


Alkanes have only single carbon-carbon bonds (they are saturated).  As the you can see, there is a series of these compounds with this general formula: 

CnH2n+2
This series of compounds are called alkanes.  The lighter ones are gases and used as fuels.  The middle ones (7 Carbons to 12 Carbons) are liquids used in petrol (gasoline).  The higher ones are waxy solids.  Candle wax is a mixture of alkanes. 

After butane, the names of these compounds are from the Greek for the number of carbon atoms followed by the suffix -ane.  So, decane would have the formula 

C10H22.

Polythene is a very large alkane with millions of atoms in a single molecule.  Apart from being flammable, alkanes are stable compounds found underground.
The Radical or Substituent (alkyl group) is missing 1 hydrogen (ane changes to yl).

The boiling points of the alkanes gradually increase with the molecular weight of these compounds.  At room temperature, the lighter alkanes are gases; the midweight alkanes are liquids; and the heavier alkanes are solids, or tars. 

The Saturated Hydrocarbons, or Alkanes 
	Name
	
	Molecular
Formula
	
	Melting
Point (oC)
	
	Boiling
Point (oC)
	
	State 
at 25oC

	methane 
	
	CH4
	
	-182.5 
	
	-164 
	
	gas

	ethane 
	
	C2H6 
	
	-183.3 
	
	-88.6 
	
	gas

	propane 
	
	C3H8
	
	-189.7 
	
	-42.1 
	
	gas

	butane 
	
	C4H10 
	
	-138.4 
	
	-0.5 
	
	gas

	pentane 
	
	C5H12
	
	-129.7 
	
	36.1 
	
	liquid

	hexane 
	
	C6H14
	
	-95
	
	68.9 
	
	liquid

	heptane 
	
	C7H16 
	
	-90.6 
	
	98.4
	
	liquid

	octane 
	
	C8H18
	
	-56.8 
	
	124.7
	
	liquid

	nonane 
	
	C9H20 
	
	-51 
	
	150.8 
	
	liquid

	decane 
	
	C10H22 
	
	-29.7 
	
	174.1 
	
	liquid

	undecane 
	
	C11H24 
	
	-24.6 
	
	195.9
	
	liquid

	dodecane 
	
	C12H26 
	
	-9.6
	
	216.3 
	
	liquid

	eicosane 
	
	C20H42 
	
	36.8 
	
	343 
	
	solid

	triacontane 
	
	C30H62
	
	65.8
	
	449.7 
	
	solid


The alkanes in the table above are all straight-chain hydrocarbons, in which the carbon atoms form a chain that runs from one end of the molecule to the other.  The generic formula for these compounds can be understood by assuming that they contain chains of CH2 groups with an additional hydrogen atom capping either end of the chain.  Thus, for every n carbon atoms there must be 2n + 2 hydrogen atoms: CnH2n+2. 

In addition to the straight-chain examples considered so far, alkanes also form branched structures.  The smallest hydrocarbon in which a branch can occur has four carbon atoms.  This compound has the same formula as butane (C4H10), but a different structure.  

Compounds with the same formula (same number of atoms) and different structures or arrangements are known as isomers (from the Greek isos, "equal," and meros, "parts").  When it was first discovered, the branched isomer with the formula C4H10 was therefore given the name isobutane. 
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Isobutane
The Nomenclature of Alkanes

Common names such as pentane, isopentane, and neopentane are sufficient to differentiate between the three isomers with the formula C5H12.  They become less useful, however, as the size of the hydrocarbon chain increases. 

The International Union of Pure and Applied Chemistry (IUPAC) has developed a systematic approach to naming alkanes and cycloalkanes based on the following steps. 

· Find the longest continuous chain of carbon atoms in the skeleton structure, called the parent chain.  Name the compound as a derivative of the alkane with this number of carbon atoms.  The following compound, for example, is a derivative of pentane because the longest chain contains five carbon atoms. 
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· Name the substituents on the chain.  Substituents derived from alkanes are named by replacing the -ane ending with -yl.  This compound contains a methyl (CH3-) substituent. 
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· Number the chain starting at the end nearest the first substituent and specify the carbon atoms on which the substituents are located.  Use the lowest possible numbers.  This compound, for example, is 2-methylpentane, not 4-methylpentane. 
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· Use the prefixes di-, tri-, and tetra- to describe substituents that are found two, three, or four times on the same chain of carbon atoms. 

· Arrange the names of the substituents in alphabetical order.  
