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HYDROCARBONS
Certain organic compounds contain only two elements - ​hydrogen and carbon.  These are known as hydrocarbons.  Hydrocarbons are divided into two main classes - aliphatics and aromatics.  Aliphatic hydrocarbons are further divided into four families: alkanes, alkenes, alkynes, and their cyclic analogs (cycloalkanes, etc.).
Hydrocarbons
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Aromatic
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Alkanes 
Alkenes 
Alkynes 
Cyclic

A series of compounds in which each member differs from the next member by a constant amount is called a homologous series and the members of the series are known as homologs.
ALKANES
The family of alkanes forms a homologous series. Each member differs from the next by CH2.   Also, in each alkane, the number of hydrogen atoms equals two more than twice the number of carbon atoms.   Therefore, the general formula for an alkane is CnH2n+2. A list of the first 10 alkanes is given below.





CH4 

methane





C2H6 

ethane 




C3H8 

propane 




C4H10 

butane 




C5H12 

pentane 




C6H14

hexane





C7H16

heptane





C8H18

octane





C9H20

nonane





C10H22

decane

Note in each case the Greek or Latin prefixes used to indicate the number of carbons in the particular alkane. Also note that every one ends in -ane. Learn the above list very well as these root names are the basis of all hydrocarbons. 
Expanded Structural Diagrams

The normal structures (n-alkanes) of a few alkanes are shown below.
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methane


n-propane



n-hexane
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Different compounds that have the same molecular formula are called isomers.  The three different isomers of pentane (C5H12) are shown below.   Since they are unique compounds, they have unique names and properties.
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n-pentane


isopentane 



neopentane

(bp 36°C)


(bp 28°C)



  (bp 9oC)

Structures can also be shown using condensed or line diagrams.

Condensed Structural Diagrams:
These diagrams all carbon atoms and the number of hydrogens bonded to each.
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isopentane



neopentane

Alkenes
The alkenes are a class of compounds that contain less hydrogen than the alkanes and which can be converted into alkanes by the addition of hydrogen.

Since alkenes evidently contain less than the maximum quantity of hydrogen, they are referred to as unsaturated hydrocarbons (alkanes are saturated hydrocarbons since they contain the maximum number of hydrogens per carbon atom).

All alkenes contain a carbon to carbon double bond (that is two carbons share two pairs of electrons instead of the normal sharing of one pair of electrons).

The simplest alkene is ethene (ethylene)
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Its structure is very comparable to that of ethane with the single bond replaced by a double bond

The next alkene is propene (propylene). 
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C3H6

In butene (butylene), the double bond may be found in more than one location.
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1-butene
2-butene


Note that for all three alkenes mentioned so far, the number of hydrogens is exactly

double the number of carbons (C2H4, C3H6, C4H10 etc.). Therefore, the general formula for alkenes is CnH2n.
Alkynes

Alkanes have the general formula CnH2n+2; alkenes have the general formula CnH2n.   Now we will discuss the kinds of hydrocarbons that have the general formula​ CnH2n-2, the alkynes.

The carbon-carbon triple bond (or sigma + 2 pi bonds) is the characteristic feature of the alkynes. The simplest member of the alkynes is ethyne (acetylene).
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ethyne (acetylene)

Like the alkanes and alkenes, the alkynes form a homologous series, the increment again being the -CH2- group.

The rules for IUPAC nomenclature are exactly the same as for the naming of alkenes except that the ending –yne replaces the -ene of alkenes. The parent structure is the longest continuous chain that contains the triple bond, and the positions both of substituents and of the triple bond are indicated by numbers.  The triple bond is given the number of the first triple bonded carbon encountered, starting from the end of the chain nearest the triple bond.

Examples of alkynes are:
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2-butyne
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4-chloro-1-butyne (note that the triple bond is C-1)

Another problem arises as far as nomenclature is concerned.   Hydrogens can be replaced or substituted by'other elements or groups.  For example a hydrogen of methane (CH4) may be replaced by a chlorine atom to form chloromethane (CH3Cl).   Branched alkanes contain substitutions derived from smaller alkanes.   

These substituted groups are named by dropping the -ane from the name of the corresponding alkane and replacing it by -yl. They are known collectively as alkyl groups. The general formula for an alkyl group is CnH2n+1 since it contains one less hydrogen than the parent alkane with the formula CnH2n+2.

To devise a system of nomenclature that could be used for even the most complicated compounds, the International Union of Pure and Applied Chemists (IUPAC)  developed a system that is used throughout the world today. Since this system follows much the same pattern for all families of organic cormpounds, we shall consider it in some detail as applied to alkanes. 
ALKANES AND ALKYL RADICALS
	Alkane
	Formula
	Melting

Point (oC)
	Phase at Room

Temperature
	Alkyl Group
	Formula

	Methane
	CH4
	-183
	gas
	methyl
	CH3

	Ethane
	C2H6
	-172
	gas
	ethyl
	C2H5

	Propane
	C3H8
	-187
	gas
	propyl
	C3H7

	Butane
	C4H10
	-135
	gas
	butyl
	C4H9

	Pentane
	C5H12
	-130
	liquid
	pentyl(amyl)
	C5H11

	Hexane
	C6H14
	-94
	liquid
	hexyl
	C6H13

	Heptane
	C7H16
	-91
	liquid
	heptyl
	C7H15

	Octane
	C8H18
	-57
	liquid
	octyl
	C8H17

	Nonane
	C9H20
	-54
	liquid
	nonyl
	C9H19

	Decane
	C10H22
	-30
	liquid
	decyl
	C10H21


Naming Branched Alkanes
Branched alkanes can be named by following a simple sequence of steps:
1. Find the longest continuous chain of carbon atoms (the main chain).  It is not necessary that the longest chain be written in a straight line.
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The longest continuous chain contains 5 carbon atoms.
2. Name this chain by adding "-ane" to the stem name (e.g. pentane). 
3. Pick out the alkyl groups attached to the main chain.
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This is an alkyl group.

4. Name the alkyl groups (methyl).

5. Number the carbon atoms of the main chain consecutively from the end nearest to a substituted group.
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6. Attach the names of the alkyl groups as prefixes to the name of the main chain (methylpentane).
7. Indicate the positions of the alkyl groups according to the numbers of the carbon atoms in the main chain to which they are attached. These numbers precede the names of the alkyl groups and are connected to them by hyphens (2-methylpentane).

8. If two or more alkyl groups of the same type occur, indicate how many there are by the prefixes di-, tri-, tetra-, etc., and locate the position of each by a separate number. Use commas to separate consecutive numbers from each other. Thus,
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is 2,3-dimethylpentane


(not 2-methyl-3-methylpentane)
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is 2,2-dimethylpentane


(not 2-dimethylpentane)

9. If different alkyl groups are present, arrange their names in alphabetical order as prefixes to the name of the main chain.    Use numbers to indicate the position of each group, with commas between numbers and hyphens between numbers and letters. 
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5-ethyl-2,3,6-trtimethyloctane
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2,4,5-trimethylheptane



(not 2-ethyl-3,6-dimethylhexane)

10. If chains of equal length are competing for selection as the main chain, choose that chain which has the greatest number of alkyl groups as the main chain.
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2 alkyl groups (incorrect)
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4 alkyl groups (correct)

5-butyl-2,6,7-trimethylnoname

11. Other common groups are frequently found attached to hydrocarbon chains. Their names are:


 F- fluoro; 

Cl- chloro; 

Br- bromo;

 I- iodo; 



NO2- nitro;

NH2- amino
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- isopropyl






(R = the main chain)

Examples of compounds containing these groups are:
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1-bromo-3,4-dimethylpentane
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1,1,2-trichloro-3-methylpentane
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1-nitropropane
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         4-ethyl-2-fluoroheptane

CYCLIC ALIPHATICS
In the compounds that we have studied in previous sections, the carbon atoms are attached to one another to form chains; these are called open chain compounds.   In many compounds, however, the carbon atoms are arranged to form rings; these are called cyclic compounds.
Cyclic aliphatic hydrocarbons are named by prefixing cyclo to the name of the corresponding open chain hydrocarbon having the same number of carbon atoms as the ring.  
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cyclopropane


cyclobutane

cyclopentene

Substituents on the ring are named, and their positions are indicated by numbers, the lowest combination of numbers being used.  In simple cycloalkenes and cyclo​alkynes, the double-and triple-bonded carbons are considered to be carbons 1 and 2.   Therefore, numbering always begins at the start of the double or triple bond in such a way as to give the first substitution the lowest carbon number.
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3-ethylcyclopentene


1,3-dimethylcyclohexene
For convenience, aliphatic rings are often represented by simple geometric figures (line diagrams).  A triangle represents cyclopropane, a square for cyclobutane, a pentagon for cyclopentane, a hexagon for cyclohexane, and so on.  It is understood that the appropriate number of hydrogens are at each corner of the figure, unless some other group is indicated. 
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For example:
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cyclobutane (C4H8)

cyclopentene (C5H8)

1,2,3-trimethylcyclohexane (C9H18)

Note that the formation of the ring removes two hydrogens from the formula of any cyclic hydrocarbon.   For example, the alkane butane has the formula C4H10 whereas cyclobutane has the formula C4H8.
Aliphatic Hydrocarbons Practice
1. Butane exists in the form of two structural isomers. Draw the structural formula and write the IUPAC name of each.

2. Draw the condensed straight-chain structures for heptane and nonane.

3. Match each name in a-d with the correct structure in e-h.

a. 3-ethyl-2-methylhexane

b. 3-ethyl-4-methylhexane

c. 2,2- dimethylhexane

d. 3-ethylhexane
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4. Write the names of the following alkanes:

a. [image: image85.wmf]C
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5. How many hydrogen atoms would be in a molecule of an alkane containing 15 carbon atoms? 50 carbon atoms?

6. Draw the condensed structural formulas of the following compounds:

a. 2-methylbutane

b. 3,3-dichlorohexane

c. 4-ethyl-2,3,4-trimethyldecane

7. Write the correct name for each of the following structures:

a. [image: image88.wmf]C
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                                                                                                                            c  
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b.                                              d

FUNCTIONAL GROUPS I

The characteristics of organic compounds (boiling point, odour, reactivity etc.) depend on the composition and arrangement of atoms.   For example the properties of alkanes depend greatly on the number of carbon atoms in the hydrocarbon chain due to the increased strength of the van der Waal attractions.     Alkenes have lower boiling points but greater chemical reactivity than their saturated counterparts.    In an alkene, it is the presence (and position) of the double bond that is responsible of these properties.   Any atom, group of atoms or organization of bonds that determines the specific properties of a molecule is known as a functional group.

The double bond in an alkene and the triple bond of an alkyne are functional groups.   A functional group can also be an atom or group of atoms attached to some carbon in a hydrocarbon chain.  The most common atoms encountered are oxygen, nitrogen or both.   

Even chlorine attached to an alkane can be considered a functional group and this class of hydrocarbons is called alkyl halides.  When discussing functional groups, it is common to use R to represent the rest of the molecule to which the functional group is attached.  

Two common oxygen-containing functional groups attached to hydrocarbons are the hydroxyl group (R-OH) and the carbonyl group (R-C=O).   Depending on how these are arranged, these can form four types of organic compounds shown below.

Table 1: Structures and Examples of Aldehydes, Ketones and Carboxylic Acid
	General Structure
	Type
	Example
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	alcohol
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	ethanal
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	ketone
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	propanone
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	carboxylic acid
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As you may see from Table 1, the hydroxyl group appears in two types of organic compounds (alcohols and carboxylic acids) while the carbonyl group in found in three (aldehydes, ketones, acids).   

Since the functional group is considered the most important part of the molecules, the nomenclature is based on the group.   Fortunately, most of the rules for organic nomenclature still apply (see Table 1).  We simply change the end of the root name from –ane to either –ol, -al, -one or –oic acid, depending on the length of the longest continuous chain that contains the functional group.   In fact, you have already been using this system to name alkenes and alkynes!

Alcohols
Alcohols are classified as primary, secondary  or tertiary depending on the number of carbons bonded to carbon 1.

Primary (1o)


Secondary (2o)



Tertiary (3o)
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ethanol



2-propanol


     2-methyl-2-propanol


For alcohols with longer chains, it is necessary to identify the location of the hydroxyl group.
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2-methyl-2-butanol

4-chloro-4-methyl-2-hexanol


cyclobutanol

Aldehydes
Since the carbonyl group of aldehydes is ALWAYS at carbon 1, it is not necessary to identify the location.    Since aldehydes are at the end of a chain, they can not be cyclic.
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methanal
3-methylpentanal


4-aminobutanal


Ketones
Ketones may or may not require a number to identify the location of the carbonyl group.
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2-pentanone
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Carboxylic Acids
In these compounds, carbon 1 is bonded to both a carbonyl and hydroxyl group.   Also, note that the carboxylic acid group is sometimes represented as –COOH.
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ethanoic acid 


propanoic acid


3-ethylhexanoic acid
(acetic acid)
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2-methyl-2-butenoic acid

Alcohols, Aldehydes, Ketones and Carboxylic Acids

Name or draw the following compounds:

	
	Chemical structure
	IUPAC Name
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	2,5-dinitro-3-hexanol



	5
	
	2,2-diamino propanol
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	2-chloro-2-methyl propanal



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


ORGANIC REACTIONS I
Organic compounds form the basic building blocks of life.   Understanding the reactions they undergo is essential for an understanding of biological chemistry (biochemistry).   Organic chemists are also able to create or synthesize new compounds with unique and useful properties using chemical reactions.

[image: image116.emf]C


H


3


C


H


2


C


H


2


C


C


H


3


O




CH

3

CH

2

CH

2

C CH

3

O

One famous example is the synthesis of acetylsalicylic acid (ASA), commonly called aspirin.   People have known since ancient times that an extract of willow bark can reduce pain and inflammation.   Chemists eventually identified the active compound as salicylic acid (2-hydroxybenzoic acid).   However this substance causes several undesirable side-effects such as stomach irritation and nausea.    However a French chemist, Charles Gerhardt, synthesized a new compound, acetylsalicylic acid, in 1853.   This new compound had fewer side-effects than natural salicylic acid and was marketed by the German company Bayer in 1899 under the trade name Aspirin(.   Up until the marketing of acetaminophen (Tylenol() in 1956, Aspirin was the most common treatment for mild to moderate pain.  

TYPES OF ORGANIC REACTIONS
REACTIONS OF ALKANES

Alkanes are generally unreactive but do undergo some characteristic reactions.

1) COMBUSTION

This is the complete oxidation of a hydrocarbon.

[image: image117.emf]C


H


3


C


H


2


C


O


O


H


1


2


3




CH

3

CH

2

C

O

OH

1

2 3


hydrocarbon
+    oxygen


carbon dioxide  +  water
[image: image118.emf]C


H


3


C


H


2


C


H


2


C


H


C


H


2


C


O


O


H


C


H


2


C


H


3


1




CH

3

CH

2

CH

2

CHCH

2

COOH

CH

2

CH

3

1
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2) SUBSTITITION

This is the replacement (substitution) of hydrogen for a halogen atom.
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Aromatic hydrocarbons undergo a very similar reaction.
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3) a) ADDITION WITH Br2 or Cl2 

The unsaturated hydrocarbons are much more reactive due to the presence of the double or triple bonds.
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During the reaction, the red colour of bromine disappears as it reacts.  Since alkanes do not react with halogens at room temperature, this can be used as a test for the presence of unsaturated hydrocarbons.   

b) ADDITION OF HYDROGEN (HYDROGENATION )
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c) ADDITION WITH HCl or HBr
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d) ADDITION WITH WATER
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Markovnikov’s Rule

If the more than one product is possible, the more electronegative atom will end up on the carbon atom of the double bond that has the fewer hydrogens.   This rule is known as Markovnikov’s Rule.
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4) ELIMINATION  REACTIONS 

The addition reaction of an alkene and water can be made to go in reverse.   This is also called a dehydration reaction.
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5) MILD OXIDATION REACTIONS
Complete oxidation of an organic compound forms carbon dioxide and water (Reaction 1).  However a controlled oxidation of an alcohol can be used to create other functional groups.   Using oxidizing agents such as KMnO4, K2Cr2O7 or H2O2, the following sequence of reactions is possible:
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a) Primary alcohols
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b) Secondary Alcohols
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c) Tertiary Alcohols
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Types of Organic Reactions
1. Identify the type of organic reaction represented by each of the following equations:

	a.
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2. Write the equation for the addition reaction involving propene and bromine.

3. Complete the following equations by writing the structures of the products that form. If no reaction occurs, write “no reaction”.

	a.
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	c.
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FUNCTIONAL GROUPS II

This section continues the discussion of four other functional groups by examining two oxygen-containing functional groups within hydrocarbon chains such as the ether group     (R-O-R′) and the ester group (
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). We will also be examining two nitrogen-containing functional groups known as amines (R-NH2) and amides (
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Table 2: Structures and Examples of Ethers, Esters, Amines, and Amides
	General Structure
	Type
	Example with IUPAC Name

	
[image: image17.emf]O R R'



	ether
	
[image: image18.emf]O C C H

H

H

H

H

C C H

H

H

H

H


	ethoxyethane

	
[image: image19.emf]C
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	ester
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	ethyl ethanoate


Naming of organic compounds involving these functional groups follows similar methods used in previous types of naming but they do have their differences, as explained below.

Ethers
Ethers are molecules whose structure is very similar to water.   In an ether the oxygen atom is bonded to two alkyl groups, they can either be the same or different.  Ethers are named according to IUPAC by changing the ane ending of the smaller hydrocarbon name to oxy and then joining that to the alkane name of the longer hydrocarbon. You may also see the names of ethers written as the names of the two alkyl groups followed by the word ether.
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methoxyethane




butoxyhexane

(ethyl methyl ether)




(butyl hexyl ether)
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Esters
Esters are formed from a reaction between alcohols and carboxylic acids. To name esters we use this knowledge to help us. The first part of the name is the name of the alkyl group from the alcohol, the second part comes from the acid name but the ending is changed from –oic acid to –oate.
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 methyl ethanoate

ethyl methanoate


methyl butanoate


Organic Compounds and Functional groups

1. Name the type of organic compound each of the following would be classified as:

a. Propanol

b. Aminoethane

c. Butanone

d. Methoxymethane
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2. Write the name for each of the following:

	a.
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Properties and Applications of Hydrocarbons
Recall:

· As molecular polarity increases, boiling point increases.
· As molecular polarity increases, solubility in water increases.
	Type
	Structure
	Polarity
	Solubility in Water
	Uses

	Alkanes
	
	
	
	

	Alkenes
	
	
	
	

	Alkynes
	
	
	
	

	Aromatics
	
	
	
	

	Alcohols
	
	
	
	

	Aldehydes
	
	
	
	

	Ketones
	
	
	
	

	Carboxylic Acids
	
	
	
	

	Ethers
	
	
	
	

	Esters
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