CHAPTER 1.2 : HYDROCARBONS

· Fossil fuels contain mainly hydrocarbons: the simplest type of organic compound.

· Hydrocarbons are composed entirely of carbon and hydrogen atoms, and are widely used as fossil fuels.

· Example: gasoline, propane, and natural gas

· Because they contain only carbon and hydrogen atoms, hydrocarbons are non-polar compounds.

Hydrocarbons may be classified into two groups:

1. Aliphatic

2. Aromatic

Aliphatic hydrocarbon:  contains carbon atoms that are bonded in one or more chains and rings.  The carbon atoms have single, double, or triple bonds.  Aliphatic hydrocarbons include straight chain and cyclic alkanes, alkenes, and alkynes.

Aromatic hydrocarbon: a hydrocarbon based on the aromatic benzene group.  Benzene is the simplest aromatic compound.  Its bonding arrangement results in special molecular stability.

· In an alkane, all carbons are bonded to other atoms by single bonds, resulting in the maximum number of hydrogen atoms bonded to each carbon atom.

· Henceforth, are called saturated hydrocarbons.
· These are relatively stable.

Observe Table 1 page 11: Examples of Hydrocarbons

· Alkenes are hydrocarbons containing carbon-carbon double bonds.
· Alkynes are hydrocarbons containing carbon-carbon triple bonds.  

· These two groups are called unsaturated hydrocarbons because they contain at least one double or triple bond.

· Because alkenes and alkynes have multiple bonds, they react in characteristic ways.

· The multiple bond is the functional group of these two chemical families.

Straight chain hydrocarbons: (unbranched)

· there are no cross branches

                                                                     H   H   H

           CH3CH2CH3                 or              H – C – C – C - H

                                                                     H   H   H

       Eg. C3H8    (propane)

Branched chain hydrocarbons: have at least one branch of carbon atoms at right angles to the other.

2,2-dimethylpropane

· a hydrocarbon branch that is attached to the main structure of the molecule is called an alkyl group.
· Then methane is attached to the main chain of a molecule, it is called a methyl group.
Nomenclature of Hydrocarbons

· Based upon the IUPAC system of nomenclature

ALKANES: 
· Have the general formula CnH2n+2
· They contain the suffix –ane. 

Methane                         CH4
Ethane                            C2H6
Propane                           C3H8
    Butane                             C4H10
· The prefix in the name indicates the number of carbon atoms in the longest straight chain in the molecule.
Pentane                            C5H12
Hexane                             C6H14
Heptane                            C7H16
Octane                              C8H18
Nonane                              C9H20
Decane                              C10H22
· Saturated hydrocarbons are nonpolar, therefore would exert weak intermolecular forces (van der Waal forces or London Dispersion Forces).

· The more atoms in the molecules (larger the molar mass) the greater will be these weak forces of attraction.

· Therefore the BP increases with molar mass.

· As molecules differ by the addition of the same structural unit, eg. – CH2 -, this is an example of a homologous series. 

· Observe Table 2 page 12 : Alkanes and Related Alkyl Groups.

Structural Isomers:
· Organic compounds with the same molecular formula but different in the order in which their atoms are bonded.

· Eg. C4H10   and     C3H8 

                                                                    X

H3C – CH2 – CH2 - X                            H3C – CH – CH3
n-propyl                                                       i-propyl

H3C – CH2 – CH2 – CH2 -   X                H3C – CH – CH3

                                                                               CH2

                                                                                X

n-butyl                                                                     i-butyl                   

(normal)                                                                   (isobutyl)                 

s-butyl                                                    t-butyl    (tertiary  butyl)                  

(secondary  butyl)  

                                                                                 CH3

H3C – CH- CH2 – CH3                                      H3C – C- CH3

         X                                                 X 

Read over pages 13 – 15 

Summary: Naming Branched Alkanes

Do Practice Problems # 1, #2   (Page 15-16)

Conformational Isomers:
· Free rotation around a carbon-carbon single bond (sigma bond), which rearranges the atoms.

· Eg. Ethane

Staggard conformation                               Eclipsed conformation

                            NEWMAN PROJECTIONS

ALKENES:
· Organic molecules containing at least one double bond.

· Obtained by “cracking” petroleum i.e. heating at high temperatures in the presence of a catalyst.

· Has the ending “ene”.

· Alkanes can be changed into alkenes.

· Note the following homologous series of alkenes with one double bond:

                            CnH2n    (one double bond) 

      C2H4                         ethene

      C3H6                         propene

      C4H8                         butene

      C5H10                        pentene

· The parent chain must be numbered from whichever end gives the first carbon of the db the lowest possible address.

· Alkenes beyond propene need to be named using a number to indicate the position of the db.

                     1-butene                                      2-butene

               H     H     H    H                          H      H    H     H

        H -  C  =  C  -  C  - C – H              H -  C  -  C  =  C  -  C  -  H

                       H     H    H                          H                    H  

· Some alkenes have 2 db called “dienes”; if 3 db then “trienes”.
GEOMETRIC ISOMERISM:

· No free rotation about the db.

· Same chemical properties but slightly different physical properties.

· Not structural isomers.

     cis-1,2-dichloroethane                       trans-1,2-dichloroethane

     cis-2-butene                                       trans-2-butene

     (BP 3.72OC)                                        (BP 0.88OC)

 ALKYNES:

· Hydrocarbons containing at least one triple bond.

· Homologous series of alkenes with one triple bond;  CnH2n-2
· Has the ending “yne”

               C2H2                    ethyne

               C3H4                    propyne

               C4H6                    butyne

               C5H8                    pentyne

Question:  Write structural formula for all possible structural isomers of pentyne and hexyne.

CYCLOHEXANES:

· A saturated hydrocarbon in the form of a ring.

· Carbon rings from 3 to 8 are known to occur.

· They are named simply by putting the term “cyclo” in front of the alkane.

   cyclopropane        cyclobutane        cyclopentane      cyclohexane

· 3 and 4 carbon ring structures are less stable than their straight chain counterparts because of the strain on the bond angles of the molecules.

· A normal bond angle for C in alkanes is 109.5OC i.e. tetrahedral.

· Therefore 3 and 4 membered rings undergo reactions that tend to open up their rings into straight chains.

· There are cyclic alkenes and cycloalkynes but not as common as cycloalkanes.

· Because ring structures also lock out free rotation, geometric isomers of ring compounds are possible.

      Eg.    Trans-1,2-dimethylcyclopropane

               Cis-1,2-dimethylcyclopropane

GENERAL RULE FOR NAMING ORGANIC COMPOUNDS:

	PREFIX   +   ROOT   +   SUFFIX


Prefix: what is attached to the main chain  (i.e. alkyl group)

Root:  how long is the main chain?

Suffix: what family does the family belong to?

CONFORMATIONS OF CYCLOHEXANE:

                       Chair                                                Boat

AROMATIC COMPOUNDS:  SMELLY! SMELLY!

· Aromatic compounds are benzene compounds that resemble benzene in a chemical behaviour.

· The benzene is a ring (planar hexagon) with 120O angles between each pair pf C-C bonds.

· However, the electrons that form the double bonds in benzene are spread out and shared over the whole molecule.

· Thus, benzene actually has six identical bonds, each one half-way between a single and a double bond.

· These bonds are much more stable than ordinary double bonds and do not react in the same way.

· Benzene is a resonance hybrid of the 2 structures, it is not represented accurately by either simple structure, but it is a combination of the two.

· A convenient way to represent this fact is by using this symbol:

NOMENCLATURE OF AROMATIC COMPOUNDS:

· IUPAC system of naming compounds is used.

· Monosubstituted alkyl benzenes are named as derivatives of benzene (ex. Ethyl benzene)
· But some compounds have retained common names.
· When there are 2 substitutes in the benzene ring, 3 structural isomers are possible.
· The prefixes ortho (o), meta (m), and para (p) are used to locate the substituents.
1. ortho (o):found on carbon 1,2 of the benzene ring
2. meta (m): substituents are on carbon 1,3 of the benzene ring
3. papra (p) : substituents are on carbon 1,4 of the benzene ring
· For some aromatic molecules where the attached group is not easily named, it is more convenient to consider the benzene ring as a branch rather than as the parent molecule.

· When the benzene ring is the attached branch, -C6H5, it is called a phenyl group.

   Eg.  2-phenylbutane     or  s-butylbenzene

· Either naming system for aromatic compounds is acceptable.

Read pages 23

Observe Summaries involving the naming of organic molecules.

Do Questions pages 22-23   

                     # 1 (a) – (l),  2 (a) – (l), 3 (a) – (e), 

                        4 (a)- (e),  

                                  5 (a) this question to be handed in

