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Alkanes and Alkyl Groups

Do you recognize these names: propane, butane, and octane? What are these substances used for? How common are they in your community? 


Alkanes

Propane, butane and octane are just three examples of organic compounds that are classified as alkanes. Alkanes are hydrocarbons in which the carbon atoms have single bonds to other atoms. They have the general formula CnH2n+2 where n is a natural number. For example, an alkane containing five carbon atoms (n=5) will have 2n + 2 or 12 hydrogen atoms. Its formula will be C5H12. 


(Count the number of carbon and hydrogen atoms to convince yourself that the diagram conforms to the general formula for an alkane. Note that in structural formulas for organic compounds the symbols for hydrogen atoms may be omitted.)


Methane, CH4, is the simplest alkane - it consists of one carbon atom and four covalently bonded hydrogen atoms.
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It is a gas at room temperature. It is a product of the decomposition of more complex organic substances that make up living things. It makes up 80% of natural gas. 

Ethane, C2H6, is the simplest alkane to contain a carbon to carbon bond. It has six hydrogen atoms bonded to these two carbon atoms. It too is found in natural gas. 
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Propane and butane are the next two alkanes in this series.  

propane:     [image: image6.png]
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   butane:     [image: image8.png]
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Both are also found in natural gas, but in much lower concentrations than methane and ethane. 

Can you see a trend in the structures for these four alkanes? By what factor do the structures differ? 

A series consisting of a group of compounds in which the compounds differ by a constant increment is called a homologous series. The methane, ethane, propane and butane are an example of a homologous series. 

The nomenclature system for organic compounds is based on sets of prefixes and suffixes. You already know that the suffix "-ane" means single bonded carbon atoms, and you have probably already deduced that meth-, eth-, prop-, and but- mean 1, 2, 3, and 4 respectively. These prefixes are used throughout organic nomenclature, so you must memorize them. 

Nomenclature (Naming) of Alkanes

Table 1: IUPAC prefixes for use in organic nomenclature.

	meth
	eth
	prop
	but
	pent
	hex
	hept
	oct
	non
	dec

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


Naming Simple Alkanes 

To name continuous-chain (simple) alkanes from either a chemical or structural formula: 

· make sure that the number of carbon and hydrogen atoms matches the general formula CnH2n+2.

· count the number of carbon atoms and indicate this number using the appropriate prefix.

· add the -ane ending to the prefix to indicate that the compound is an alkane.

  

Example 1

Name these continuous-chain hydrocarbons. 

1. C6H14     [image: image10.png]



2. C10H22     [image: image11.png]



Answer 

1. C6H14 matches the general formula for an alkane. It contains six carbon atoms in a continuous chain, so the prefix hex- is added to the suffix -ane to produce the name hexane.

2. C10H22 matches the general formula for an alkane. It contains ten carbon atoms in a continuous chain, so the prefix dec- is added to the suffix -ane to produce the name decane.

Drawing Structural Formulas

You should be able to draw the structure of any continuous-chain alkane given either its chemical formula or its name. 

The steps are straight-forward: 

· determine the number of carbon atoms in the molecule by looking at the subscript in the chemical formula.

· draw the carbon atoms in a straight line. Draw a line between each atom to represent a single covalent bond. 

· draw single lines from carbon atoms to hydrogen atoms. Each carbon atom should have four single bonds and each hydrogen must have just one single bond.


Example 2 

Draw the structural formula for heptane, C7H16. 

Answer 

Draw a chain of seven carbon atoms.  
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Draw lines to represent the bonds to hydrogen atoms. 
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Note that inclusion of the symbols for hydrogen is optional. 


Condensed Structural Formulas

Another common way to represent a hydrocarbon is to use a condensed structural formula. For example, the chemical formula of C4H10 can be represented as: 
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(dashes are optional) 

A condensed structural formula provides more information about the bonds in a molecule than a molecular formula does but it is sometimes harder to interpret than a complete structural formula.


Example 3

Write the condensed structural formula for pentane, C5H12. 

Answer 

You may find it convenient to draw the full structural formula for the molecule and reduce it to the condensed structural formula. 
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The condensed formula shows each carbon atom with the number of hydrogen atoms bonded to it. 
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Structural formulas show you the bonds in a molecule, but they cannot represent molecules three-dimensionally.
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Notice that a carbon "skeleton" is not perfectly straight, but zigzagged. Each carbon atom is bonded to four other atoms. VSEPR theory predicts that each of the single bonds involving carbon points to a corner of a tetrahedron to give bond angles of about 109.5°. A carbon chain in which each carbon is bonded to another by single bonds has a zigzagged shape. 
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A really compact way of representing this structure is to use a line drawing. You will use these kinds of drawings when representing alicyclic hydrocarbons in a later lesson. Nonetheless, it is worth noting how these drawings are made in the event that you encounter them in your readings.
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The end of each segment represents a carbon atom. Single lines represent single covalent bonds. The presence of hydrogen atoms is assumed and bonds to them are not shown. 

Alkyl Groups

Alkyl groups have have the general formula CnH2n+1. They have one less hydrogen atom than a corresponding alkane. For example the methyl group, 
-CH3, has one less hydrogen than methane, CH4.  

The prefixes used in alkane nomenclature are the same as those used to name alkyl groups. The suffix for an alkyl group, as you may have gathered, is -yl. Here are the ones you will use frequently - it is a good idea to memorize them:

· methyl:  -CH3
· ethyl:  -C2H5  or  -CH2CH3
· propyl:  -C3H7  or  -CH2CH2CH3
· butyl:  -C4H9  or  -CH2CH2CH2CH3
· pentyl:  -C5H11 or   -CH2CH2CH2CH2CH3
Alkyl groups are examples of substituents: atoms or groups of atoms that replace a hydrogen atom on a chain or ring of carbon atoms.

Branched alkanes contain one or more alkyl groups. You can identify the alkyl groups by finding the longest continuous chain and then locating any carbons that do not appear to be part of the chain.

Each of the structures below represents a branched alkane. The left and middle structures have one substituent each. The structure on the right consists of five carbons with methyl groups at the second and fourth carbons.  
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Try thinking of the alkyl groups as being like side roads of a major highway.  
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Naming Branched Alkanes 

Writing a IUPAC name for a structural formula is an important skill to master. It involves following strict sets of rules. Different rules exist for different classes of organic compounds; however, there are two rules that are used throughout organic nomenclature.  

· First, the name of a molecule is based on the longest continuous chain of carbon atoms containing a functional group. 

· Second, lowest possible numbers are used to indicate the location of substituents or functional groups on the continuous chain. 


Steps to Name a Branched Alkane: 

1. Find the longest continuous chain of carbons in the molecule and name it. This is the parent chain of the molecule. Be careful, the longest continuous chain is not always obvious because it may zigzag. (HINT! highlight the parent chain in some way.)

2. Number the carbons in the parent chain. Designate the carbon at the end to which branching is closest as number 1.

3. List the alkyl groups present.

4. If there is more than one type of alkyl group in the molecule you can list their names either in alphabetical order. 

5. If an alkyl group occurs more than once, use a Latin prefix to indicate the number present. The Latin prefixes are di = 2, tri = 3, tetra = 4, penta = 5, and so on. 
-   e.g. two methyl groups would be represented as dimethyl
6. Use a number to indicate the location of each alkyl group on the parent chain. 

7. Use proper punctuation: commas are used to separate numbers, and hyphens are used to separate numbers and letters. 


Important Points About Naming Branched Alkanes:

1. An alkyl group cannot be located on the terminal carbon of a continuous chain because such an “alkyl” group would serve to extend the chain further. 

2. Note that the longest continuous chain may not be obvious, make sure you have located it by testing the length of all possible parent chains!

3. Alkyl groups must be assigned the lowest numbers possible.

4. Adding a prefix to an alkyl group's name does not change its order in the alphabetized listing of alkyl groups in a name.


Example 4 

Write a IUPAC name to represent this structural formula. 
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Answer 

1. Begin by locating the longest continuous chain of carbon atoms. 
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The longest chain is seven carbon atoms long, so the parent chain is heptane.

2. Assign number "1" to the carbon at the end to which branching is closest.
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Since, branching is closest to the right side, the parent chain is numbered sequentially from right to left.

3. Identify the alkyl groups. 
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There are two: a methyl at carbon #3, and an ethyl at carbon #4.

4. Build the name of the branched alkane. 

4-ethyl-3-methylheptane 

Notice that the alkyl groups are listed in alphabetical order and their locations on the parent chain are indicated using the appropriate numbers. Hyphens separate the numbers from the letters. Notice that the "methyl" and "heptane" become one name. 

Textbook Readings

MHR
· pages: 332 - 338:  Naming alkanes (stop before physical properties).

· pages: 325 - 326:  Representing Structures and bonding.

Practice Items

1.  Provide a IUPAC name for each structural formula.
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2.  Draw the structural formula for each alkane. 

    (a) 2,2,4-trimethylpentane 

    (b) 3-methylheptane

    (c) 3-ethylhexane

    (d) 3-ethyl-2-methyl-4-propylnonane

    (e) 2,3-dimethylhexane

    (f) 4-methylheptane

    (g) Which alkane in items a-f is not an isomer of C8H18?


3.  Draw condensed structural formulas for each of the items in Exercise 2.


4.  Draw and name the possible structural isomers of C7H16. 

