HONORS CHEMISTRY II 



NOTES

ORGANIC CHEMISTRY         
      HYDROCARBONS

#2.  INTRODUCTION
Group 14 on the Periodic Table has the 2 elements that form the basis for most natural substances.

 a. Silicon is the basic element in the geologic world to form silica and silicates of rock, sand and soil.  Silicon can form chains and rings with oxygen.  Si-O-Si bonds.

#3. CARBON
b. Carbon is the basis for the natural world (biological) because of its ability to bond to itself in long chains or rings.  

Carbon will also covalently bond to H2,N2,O2, S and the halogens.

All bio-molecules are the result of these bondings, such as skin, cells, fur, feathers, hides, carbohydrates, fats, proteins, dyes, insecticides, perfumes, flavorings and foods.
#4. ORGANIC COMPOUNDS
Fossil fuels, plastics, rubber, synthetic and natural fibers, artificial sweeteners, drugs are the result of research into organic chemistry.

There are more than 6 million organic compounds known; only 60,000 inorganic compounds are known.

#5. ORGANIC CHEMISTRY
Organic chemistry is the study of the carbon compounds- their preparation, properties, identification and reactions of those compounds not classified as inorganic.

Inorganic compounds include oxides of carbon, bicarbonates and carbonates of metal ions, metal cyanides and a few others.

#6. PROPERTIES OF ORGANIC COMPOUNDS

Most properties are determined by the bonding between the C-C can C-other elements.  

Carbon has 4 electrons in its valence level and each electron forms a covalent sp3 hybrid bond with another carbon or other element.

#7. Properties exhibited by most organic compounds:

 High vapor pressure, Low boiling points, Strong odors, Low melting points, Nonconductive, Most but not all insoluble in water

#8. HYDROCARBONS
Hydrocarbons are the compounds composed only of carbon and hydrogen.

These compounds can be saturated or unsaturated with hydrogen atoms.  

Saturated have single bonds between the carbons and are saturated with the most hydrogens it can hold.

Unsaturated have double or triple bonds between the carbons.

#9. IUPAC NAMING RULES
1. Longest unbranched chain is the root name.

2.Alkyl groups as substituents are added to the root names.

3. Carbon atoms of the longest chain are numbered consecutively to establish position of each atom.  The direction of numbering is chosen so that the lowest number possible is given to the location of side chains.

#10. . IUPAC NAMING RULES
4. When a particular substituent group appears more than once, a prefix of di, tri, etc., is used to indicate how many times it appears and the carbon numbers are used to indicate position.

5. Complete names of compounds are obtained by first naming the attached groups, with its carbon number and adding the root name.

#11. . IUPAC NAMING RULES
6. Non-alkyl groups are named with a locator number for the positions along the parent chain.

7. If there are 2 or more different substituted groups, they are arranged with the halogen first, followed by alkyl groups in alphabetical order

#12. GROUPS OF HYDROCARBONS
The hydrocarbons are groups according to the bonds between the carbons:

   1. Alkanes- single bonds

   2. Alkenes- double bonds

   3. Alkynes – triple bonds

   4. Cyclic  alkanes

   5. Aromatic hydrocarbons

   6. Derivative hydrocarbons

#13. ALKANES

These compounds have single bonds between the carbons. C-C

General formula – CnH2n+2
This group is called the paraffin series (parum meaning “little affinity”-Latin) because they do not react readily and are unaffected by many reagents.  Paraffin wax is a mixture of alkanes.
#14. NOMENCLATURE FOR ALKANES-
See page 1045 for root names.  (Memorize 1-10)

   1. suffix is –ane attached to the root name.

   2. Normal straight-chained alkanes form long chains of  C-C-C….. atoms. There is 109.5 ° angle between the carbons so the chain zigzags.

#15. NOMENCLATURE FOR ALKANES-
   3. Substituent groups that are alkanes are called alkyl groups and are named by replacing the   –ane with –yl.
   example:  methyl = CH3-       ethyl = C2H5-               propyl = C3H7-
#16. ALKANES REACTIVITY-
All of the alkanes are relatively inactive due to the saturations of the carbon bonds with hydrogen.  This group is also called the saturated hydrocarbons.  

At STP, the first 4 are gases, next 12 are liquids and the higher ones are solids.

#17. ALKENES

Alkenes have double bonds between the carbons.   C=C

This occurs when the hydrogen is removed from an alkane.

General formula is  CnH2n.             This group is called the olefins.
#18. NOMENCLATURE FOR ALKENES-

   1. root name ens with –ene.

   2. location of the double bond is numbered with the lowest number possible.

   3. simplest alkene is ethylene. 

#19. REACTIVITY OF ALKENES
  Since carbon atoms are held together by 2 pairs of electrons they are closer together than the 2 carbons held by a single bond.  Since the second pair of electrons (pi bond) is further from the 2 nuclei than the single bond (sigma) the double bond is not twice as strong as the single bond.  The greater pi bond distance makes the double bond more reactive than the singe bond.  
#20. REACTIVITY OF ALKENES
The less tightly held pi electrons are more easily attacked by a reactant.  The p orbitals of the carbons atoms must line up parallel to allow the formation of the pi bond.  This prevents the rotation about the two CH2 groups.
#21. REACTIVITY OF ALKENES
The restricted rotation about the double bonded carbon atoms means that alkenes have cis-trans isomerism.

Substituents on the same side of a double bond are called cis and those on opposite sides are called trans.
#22. ALKYNES

Alkynes contain triple bonds.    C=C    General formula is CnH2n-2

 NOMENCLATURE FOR ALKYNES:

   1. root name with suffix of –yne.

   2. Use numbers to indicate placement of triple bonds.

    3.  Simplest alkyne is ethyne (common name is acetylene).
#23. ISOMERS OF ALKANES, ALKENES AND ALKYNES

Isomers are molecules that have the same molecular formula but different structures.

  3 types of isomers:

    a. structural isomers – have different linking of atoms.  Ex C4H10 butane and methyl butane (isobutane).

#24.  ISOMERS OF ALKANES, ALKENES AND ALKYNES 4. 

 b. geometric isomers – there is a C=C double bond that will prevent rotation around the bond, so the placement of a substituent can change their physical and chemical properties.    ex. trans -2-pentane and cis-2 pentane

c. stereoisomers- are mirror images.  These have an atom that the whole structure revolves around.  It is called the chiral atom.

#25. CYCLIC ALKANES
These carbon chains form a ring.

The simplest is cyclopropane. C3H6.

NOMENCLATURE FOR CYCLOALKANES:

  1. Use the word ‘cyclo’ as prefix to the root name.

  2. When the ring has a substituent group, the carbon atoms are numbered to give the lowest numbers to the substituent.

#26. CYCLIC ALKANES
The bond angle of cyclopropane is 60°, so the bonding electrons are repelling each other strongly.  This makes cyclopropane very reactive.  Cyclobutane with a 90° angle is also very reactive.  Cyclopentane and cyclohexane are stable because the bond angles are close to those found in tetrahedral angles.   
#27. CYCLIC ALKANES
Cyclohexane puckers to attain the tetrahedral angle, therefore it is nonplanar.  It exists in two forms;  chair and boat.    At 25° chair form is the preferred one.

#28. AROMATIC HYDROCARBONS

These are cyclic unsaturated hydrocarbons.

One of the most important is the simplest-benzene.  

It does not undergo rapid additions reactions but is does undergo substitution reactions where hydrogen atoms are replaced by other atoms.

#29. NOMENCLATURE ON AROMATIC HYDROCARBONS:

  1. numbers are used for substituted positions.

2. When benzene is the substituent, it is called phenyl-
   3. benzene, toluene, and xylene are synthesized from petroleum.  

#30. REACTIONS OF HYDROCARBONS
Benzene is used in making plastics and fibers.

Toluene is used to improve the quality of gasoline and in production of explosives.   TNT is 2,4,6-trinitrotoluene.

Xylene is a common solvent of petroleum products.

#31. REACTIONS OF HYDROCARBONS
Alkanes are not very reactive.  

At 25°, they do not react with acids, bases or strong oxidizers.  This makes them useful as lubricants, and they can be the backbone of polymers.

At High temperatures they are useful as fuel,

Methane, propane and butane burn easily in oxygen, once ignited.

#32. REACTIONS OF HYDROCARBONS
Types of reactions for alkenes, alkynes and cycloalkanes:

  1. combustion – depends on temperature and concentration of oxygen.  

  2. substitution reaction – halogens will replace hydrogen easily. Methane with chlorine or fluorine compose the freons.

#33. REACTIONS OF HYDROCARBONS
3. dehydrogenation reactions – hydrogen atoms are remove and double bonds form.

4. addition reactions -  double bonded atoms are broken to add a substituent.  If a halogen is added it is called a halogenation.

5. hydrogenation reaction – adding hydrogen.  This is used in industry to manufacture solid saturated fats from liquid unsaturated fats.

#34. REACTIONS OF HYDROCARBONS
6. hydration -  is the addition of water to alkenes.  The double bond breaks with the addition of an H to one C and a OH to the neighbor C.  This is an alcohol.

7. Addition of an acid – similar to hydration but anion is added to the C.

8. polymerization. – A polymer is a long chain molecule built up from small repeating units called monomers.  Natural polymers are starch, cellulose and silk.  Synthetic polymers are vinyl, polyester, nylons.

