 Notes






 



Organic Chemistry

I. Organic Compounds - compounds made of ___________
and _______________
                         
 - compounds may also contain _______, ___________, __________, _______
         A. Characteristics

              1. Often long chains _____________________________
              2. Different properties are related to the _____________________________________.

              3. The type of molecules found in LIVING THINGS.

                   a. Ex:

              4. More than 6,000,000 organic compounds identified & named.

         B. Hydrocarbons - organic compounds made of just _______&___________
              1. Characteristics:

                   a. simplest organic compounds.

                   b. come from fossil fuels:

                        1. Ex. Gasoline (a mixture of hydrocarbons including octane)
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                        2. Separated into individual pure substances by __________________________ (see below)

             2. Different Groups of Hydrocarbons

                   a) ALKANES - a group of hydrocarbons that are a large part of all petroleum products.

                        1) All names of alkanes are based on the suffix "-ane", we know that these compounds are:

     a. ______________________________
    b. made with only __________________ between C atoms.

c. have the formula:      CnH2n+2
                                  Ex.  Pentane  C5H12
                                                            
M.P.     B.P.
                             d.   Methane - CH4      -182oC      -161oC

                                   Ethane  - C2H6
                                   Propane - C3H8
                                   Butane  - C4H10
                                   Pentane - C5H12    -129.7oC      36.1oC

                                   Hexane  - C6H14
                                   Heptane - C7H16
                                   Octane  - C8H18
                                   Nonane  - C9H20
                                   Decane  - C10H22   -29.7oC      174.1oC

                             e. All NONPOLAR - thus the only IMFA is __________________________
                             f. Larger molecules have stronger ___________________________________
                             g. They are saturated compounds - meaning ___________________________________

   IMPORTANT NOTE – Drawing organic compounds

Full structural formula – all carbons and hydrogens are shown

Condensed structural formula – Carbons are shown with their attached hydrogens

Skeletal formula – bonds are shown as line segments, each carbon is a vertex or the end of a line.

  h. ISOMERS - Compounds w/ the same molecular formula but have a different __________  
                                 1) Minimum of 4 carbons are necessary to make an isomer

                                 2) Naming isomers  



        



     a) normal   C-C-C-C-C  = pentane
  (n-pentane)
         


     b) if there is a branch off the chain as in    

                                                    1st determine the parent compound = the chain with the largest # of carbons





    2nd assign numbers to the carbons such that the branch is found at the lowest

 numbered carbon.





    3rd  name the branch by the number of carbons in the branch (methyl, ethyl, etc)






 and record which numbered carbon that branch was at.





    4th  if there is more than one attachment use di-, tri-, tetra-, etc. to tell how

  many such branches there are.




  
     5th  thus, this isomer would be called 2-methyl butane




     c) How would you draw    3-methylhexane








4-ethylheptane








3-ethyl-4-methyloctane

3,3,4,5-tetramethylnonane

  3) "-ANES" that are Cylindrical shape (unbranched)  have stronger ______________________ _____________________________ because ____________________________________________ _________________________________________________________________________________
 b. ALKENES - Chains of Hydrocarbons which contain one or more double bond(s).




(We will focus on alkenes with only one double bond – between the 1st and 2nd C atoms)

                        1) All names of alkenes based on the suffix "-ene", we know that these compounds are:

a. chains of Carbon bonded to other carbon atoms or hydrogen

b. made of chains of single bonds b/w C atoms, except for one double bond.

                             c. have the formula: CnH2n   Ex. Pentene C5H10
                             d.   Ethene    - C2H4  or ethylene

                                   Propene   - C3H6  or propylene

                                   Butene    - C4H8  or butylene

                                   Pentene   - C5H10 or pentylene

                                   Hexene    - C6H12 or hexylene

                                   Heptene   - C7H14 or heptylene

                                   Octene    - C8H16 or octylene

                                   Nonene    - C9H18 or nonylene

                                   Decene    - C10H20 or decylene

                             e. All NONPOLAR - thus IMFA = Ldf only

                             f. Larger molecules have stronger Ldf b/c there are more e- to e- interaction

                             g. Cylindrical shape molecules have higher Ldf than their branched relatives (isomers) which 

have the  same molecular formula

                             h. Branched isomers have less e-/e- interaction and thus have weaker IMFA than the

 cylindrical isomers.

                             i. They have lower melting points than there "-ane" relatives indicating they have weaker

 IMFA than the "-ane"

                             j. Unsaturated - any Hydrocarbon with a double or triple bond in it. (Nutritionists recommend 

        that people try to eat foods with unsaturated fats such as canola oil and olive oil.)

                             k. WHY DO WE CARE?

                                    -Polyethylene (poly - meaning many) is the hydrocarbon from which we make plastics.




-What is the monomer? __________________
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                   c. ALKYNES - Chains of Hydrocarbons which contain one or more triple bond(s).

(We will focus on alkynes with only one triple bond – between the 1st and 2nd C atoms)

                        1) based on the suffix "-yne", we know that these compounds are:

                             a. chains of Carbon bonded to other carbon atoms or hydrogen

                             b. made of chains of single bonds b/w C atoms, except for one triple bond.

                             c. have the formula: CnH2n-2
                                 Ex. Pentyne C5H8
                             d.   Ethyne    - C2H2 or acetylene

                                   Propyne   - C3H4
                                   Butyne    - C4H6
                                   Pentyne   - C5H8
                                   Hexyne    - C6H10
                                   Heptyne   - C7H12
                                   Octyne    - C8H14
                                   Nonyne    - C9H16
                                   Decyne    - C10H18
                             e. All NONPOLAR - thus IMFA = Ldf only

                             f. Larger molecules have stronger Ldf b/c there are more e- to e- interaction

                             g. Cylindrical shape molecules have higher Ldf than their branched relatives (isomers) which 

have the same molecular formula

                             h. Branched isomers have less e-/e- interaction and thus have weaker IMFA than the

 cylindrical isomers.

                             i. They have lower melting points than there "-ene" relatives indicating they have weaker

 IMFA than the "-ene"

                             j. Unsaturated

                   d. Functional Groups – specific groups of atoms attached to chains of hydrocarbons that give the 

organic compound a unique set of chemical and physical properties.

                        1. ALCOHOLS - a hydrogen is replaced with an -OH group

                             a. Named w/ regular prefixes & suffix "-ol"




        H




                     |

                                           -C-OH  or written as R-OH , where R is the chain of hydrocarbons

                                             |   




        H


               (wood alcohol - toxic)  Methanol  - CH3OH or methyl alcohol


       H    H    H



              
    (grain  - toxic)  Ethanol   - C2H5OH or ethyl alcohol


        |      |      |

            (rubbing alcohol - toxic)  1-Propanol  - C3H7OH (w/ -OH on end) or isopropanol    H - C – C – C - H

                                       
     1-Butanol   - C4H9OH (w/ -OH on end)


        |      |      | 


                                       
     1-Pentanol  - C5H11OH (w/ -OH on end) 


       H
  OH  H


                                       
     1-Hexanol   - C6H13OH (w/ -OH on end)

 (notice the –OH group is on

                                        
     1-Heptanol  - C7H15OH (w/ -OH on end)

  the middle C so it is called 

                                       
     1-Octanol   - C8H17OH (w/ -OH on end)

  2-propanol or isopropanol)

                                       
     1-Nonanol   - C9H19OH (w/ -OH on end)
                                       
     1-Decanol   - C10H21OH (w/ -OH on end)





if –OH is on the middle carbon of a pentanol, the molecule it is called 3-pentanol,





if –OH is on the fourth carbon of a decanol, the molecule it is called 4-decanol,

                             b) form Hydrogen bonds thus stronger IMFA than "-ane"s

                             c) Not an acid b/c the H is covalently bonded to the O.


                        2. Organic Acids called CARBOXYLIC ACIDS - the end carbon is double bonded to an

 oxygen and singly bonded to an -OH group.

                                          R - C=O     or  written as  R-COOH

                                                 |

                                                O-H

                             a. Named w/ regular prefixes & suffix "-oic acid"

                        (vinegar)   Ethanoic acid  - CH3COOH or acetic acid      

                                         Propanoic acid - CH3CH2COOH   or C2H5COOH
                                         Butanoic acid  - CH3CH2CH2COOH

                                         Pentanoic acid - CH3CH2CH2CH2COOH




     Etc.

                           b. Form strong H-bonds

                           c. These compounds are Acidic because:

                                  R-COOH(aq) (  R-COO-  +  H+   in solution

                              and any compound that releases H+ while in solution is, by definition, an ACID (Bronsted)

                            d) The carboxyl group donates the H+  b/c 

1) the O-H bond is somewhat long. (It is not as short and tightly held onto as w/ the shorter C-C and C-H and C=O bonds.)

                                  2) This is b/c the strong electronegative value in O holds the e- in close yet keeps the

                                       Hydrogen atom further out.  (This makes it easy to escape as H+)

                        3. AMINES - Hydrocarbons with an -NH2 or –NH group.   











H  H   H

CH3NH2
     (CH3)2NH


   \  |  / 

                                           H     H   H

   H    H     H

          H    C    H

                                            |        |   /                  |      |       |


|     |      |                 (CH3)3N


                                     H - C  –  N          or  H-C –  N – C – H        or    H- C – N – C – H  

                                            |       . .                      |      . .      |


|    . .
 |

                                           H     

   H            H

           H          H





Name:______________        dimethylamine                  __________________



     a. all the N atoms above are in the shape of a tripod because of the lone pair.

                             b. Named w/ regular prefixes & suffix "-amine"

                                 ex.                 CH3NH2 = methylamine

                                                CH3CH2NH2 = ethylamine

                                         CH3CH2CH2NH2 = propylamine




    HOW would you write and draw “methyl-ethyl-propyl amine”?

                             c. Weak H-bonding (because of the N atom)

                             d. These compounds are Bases or alkaline (basic)  b/c


               

          H    H                                 H          +

             


|   /                                     |

        


     R - N      +   HOH  (       R - N - H        +    OH -
              


. .                                        |

                 


                                         H

                                  Ex of a coordinate covalent bond forming.

                             e. By definition (Bronsted), any compound that accepts H+ ions (resulting in OH- ions) is

                                 called a BASE
                        5) Others to know just by the functional group
a) R – C – H   ALDEHYDES - preserving organic tissue

                                          ||                                     - the –CHO functional group is on the end of a carbon chain.

                                         O

                                1. Named w/ regular prefixes & suffix "-al"

                                     a) Ex.  Methanal or    H         H        which can be written HCHO to show the aldehyde

                                                Formaldehyde    \      /

                                                                              C







      ||

                                                                             O

                                     b) Ex.   H            H

                                                      \         /

                                                H - C –  C 
this is Ethanal     CH3CHO

                                                      /         \\   

                                                   H             O    

                                   |        |

                             b) -C-O-C-  ETHERS - volatile anesthetic

                                   |        |

                                1. Named w/ regular prefixes for the # C atoms on each side of the oxygen each with the 

 


suffix "-yl",  followed by the word ether.

                                   a) Ex.

                                          H                  H

                                              \               /

                                         H - C - O - C – H

dimethyl ether - meaning 2 methyl groups, one on each side

                                              /               \  



   of the oxygen atom.

                                          H                  H

CH3OCH3


                                   b)     H             H      H

                                               \            |       /

                                         H - C - O - C - C - H          methyl ethly ether - meaning a one carbon (methyl) on one 

                                              /       
|       \



   side & a 2 carbon (ethyl) on the other side. 

                                          H              H       H

CH3OC2H5
                                   c)     H       H          H      H

                                               \      |            |      /

                                         H - C - C - O - C - C - H       WHAT IS THIS CALLED? _______________________

                                               /      |            |      \

                                           H       H          H       H

                             c)    -C-

                                      ||       KETONES - polar solvent used in paints & textiles

                                      O               



       1. the C=O functional group is an interior feature (on one of the interior carbons in the chain.


                               2. Named w/ regular prefixes & the suffix "-one".  Also use a number to tell which carbon 

   the ketone is found if the chain is 5 carbon atoms or longer.  (This will be the lowest 

   numbered carbon in the longest chain.)

                                  a) ex.  Propanone better known as acetone

                                                               H3C

                                                                     \

                                                                     C = O        which can be written as CH3COCH3 to show the ketone.

                                                                     /

                                                               H3C

                                  b) ex

                                         H       H   O    H     H       H

                                            \       |     ||     |
|       /

                                       H - C - C - C – C – C - C - H      What is the name of this? ______________________

                                            /       |            |      |       \

                                         H       H          H 
H      H   

                             d) ESTERS  - aromatic and flavorful organic compounds from which FATS are made

                                             O




         ||


                                       R - C - O – R    with the formula showing R-OCO-R 

1) Ex. TRIGLYCERIDE – an organic compound that is made by combining a glycerol 

group to 3 fatty acid chains to make

                                             a    EX. of a Triglyceride fat which has 3  ester bonds






H       H         H





            |          |           |


Glycerol group





    H – C   –    C    –   C – H 

 




|           |          |





           O         O        O

|           |          |


See the esters?






C=O   C=O   C=O

|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2


3 fatty acid chains

|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2
|           |          |






CH2    CH2    CH2
|           |          |






CH3    CH3    CH3



2) Formed by Dehydration Synthesis

a) polymerization of an organic acid with an alcohol

b) organic acid has the –OH removed from the carboxyl group

c) alcohol loses the H from the OH functional group

d) The H and OH join together to form water (thus water was removed-dehydration)

e) The ester forms with:  

O  
as the formula

||









    R – C – O – R   

f) Esters are named with the alcohol part being named first (prefix reflecting the # of carbon atoms and the suffix –yl) followed by the organic acid part being named second (prefix reflecting # of carbon atoms, drop –oic acid and replace with the suffix –ate)

1) example propyl butanate

                        6. ORGANIC RINGS

                             a) C atoms can covalently bond to form rings.



     b)  Cycloalkanes are alkanes that for a cycle such as cyclobutane or cyclopentane or   ?_____


                             c) Ex.  Benzene     C6H6    - One of the most important organic ring compounds

                   H           H  
             H               H

                    \           /                               \            / 

                     C  –  C                                 C  =  C

                   //          \\                              /            \

          H - C              C - H    or      H - C              C - H

                   \             /                             \\           //

                     C  =  C                                 C  –  C

                    /          \                                 /           \

                  H            H                           H            H

                             c) NOTICE that both structural formulas are valid.

1) Since there are two different structural formulas for the same compound, Benzene 

  is an example of a RESONANCE HYBRID. Its delocalized electrons increase it  

  stability.

2) This happens b/c the electrons involved in the double bonds (pi bonds-  which are 

  dumbbell shaped) all touch each other and overlap and make each structure equally

  likely.



           3) This property is the reason benzene is classified as an aromatic compound.


                             d) Symbol for a benzene ring is

                             e) ex. TNT  (benzene rings store a lot of energy.)

                        7. ORGANIC STRUCTURES

                             a) Short hand notation that:

                                  1) leaves out the C and H atoms

                                  2) uses zigzag line segments to represent C-C bonds.

                                  3) shows all non C & H atoms thus making functional groups easier to recognize.

                             b) EX.


 

 





 O







 |       OH










                                                                          

                                                     
     NH2
                                  What is its molecular formula?  ____________________

                        8. Polymer – a large chainlike molecule that is built from smaller units. (also called a macromolecule)



      Historical Information:

a. Charles Goodyear, 1839, found a way to make natural rubber (which is soft and weak) strong when he accidentally dropped some of his mixture onto a hot stove.

1.This process made the rubber much stronger.

2. The polymer chains were joined together by sulfur links.

3. This results in “Vulcanized rubber”.

b. Leo Baekeland, 1907, examined a byproduct of a reaction between the two organic compounds phenol and formaldehyde.

1. He exposed it to high temperature and pressure and formed a hard and insoluble substance, which became called “Bakelite”.

2. Today it is used in telephones, billiard balls and electrical insulators.

c. Wallace Carothers and Julian Hill, 1930’s, examined a sticky product of that was formed when mixing two organic compounds.  It easily fell apart and seemed useless, 

1. BUT upon further review could be stretched into long, silky fibers.

2. What they discovered was NYLON.

      Natural and Synthetic polymers are made of individual, small, repeated molecules that are



bonded together.



9. POLYMERIZATION - a chemical reaction in which many simple molecules (monomers)

                                       
                    combine in chains to form a very large molecule.

                           a. Ex.

                                1. Ethylene   +   Ethylene  = Diethylene

                                
\     /        \      /               |    |         /

                                 
C=C   +   C=C    (    - C-C-C=C

                                
/     \        /      \               |    |   |     \

                                 C2H4    +     C2H​4        =       C4H8
                                2. Diethylene  + ethylene = Triethylene

                                3. Triethylene + ethylene = Polyethylene

                                4. This is an example of:  ADDITION POLYMERIZATION

        a. Sometimes, polymerization results in polymers which have side chains.

           1. Polymers with side chains cannot be packed tightly together.

     2.The polyethylene version of this is called LDPE or low-density polyethylene.

a) primarily used to wrap consumer products (cellophane) 

  
       b. Polymers with few side chains pack tightly together.

1. The polyethylene version of this is called HDPE or high-density 

polyethylene.

a) primarily used as plastic bottles for juices, milk, shampoos, bleaches & other liquids.

b. A second type of polymerization is called Dehydration synthesis.

1. Ex.   Monosaccharide + Monosaccharide = disaccharide

                        
-  C                            - C


-  C                         - C

                        
    |                                 |


    |                              |

                         
   C – O 

 C – O


   C – O 
          C – O

                       

 /           \   

/          \   

 /           \   
         /          \

                       

C           C       +        C            C      (          C            C  –  O –  C             C   + H2O         

                      

  \          /   \              /   \          /

 \           /                  \            /

                         
   C  – C     OH    HO    C – C


   C  – C                     C – C










                   dimer


    Dehydration Synthesis - meaning the removal of water to form the polymer.


(also called Condensation Synthesis)

What kind of functional group was formed by this dehydration synthesis?   

 _________________




2. On example of this occurs as living cells synthesize proteins.

a) Proteins are formed from the linking of amino acid monomers.

b) The name of the bond that forms when amino acids are joined is called a PEPTIDE BOND.

1) When a small number of amino acids condense the product is called a polypeptide.

2) When large numbers of amino acids condense the product is called a protein.

3. Some Synthetic polymers are formed by Condensation  (or Dehydration) synthesis.

a) The polyester named polyethylene terephthalate or PET.

1) It is used to make permanent press clothing and Soda Bottles.

2) Since the linking region for the PET products is a:

 
     O

      || 

-O-C-  (or an ester)  several linked together make a polyester.



 10. Types of Polymers

a. Elastomer – a polymer that has elastic properties (can be stretched and return back to its original shape.

1) ex. styrene (the synthetic polymer used to make tires.) it accounts for more than 50% of the worlds rubber production.

b. Fiber – a polymer that has a threadlike structure and is highly resistant to being stretched.

1. Ex. cellulose the natural fiber used to make clothing.  (Synthetic fibers have been made from this natural fiber.) 

2. Ex. acrylic (commonly called “Orlon”) and polyester (such as “Dacron”)

a) concerns with flammability of these fibers have led to the development of fibers that are cross-linked and thus more flame resistant.

b) Ex. Kevlar and Nomex

c. Plastic – a polymer that is able to shaped or molded without destroying the macromolecule.  More elastic than fibers but less elastic than elastomers.

1. Ex. Bakelite. 




2. Plastics are made from petroleum (also called crude oil)

a) Petroleum is the byproduct of years of plant and animal material being transformed by extreme heat and pressure.

b) Fritz Klatte, 1912, combined acetylene (once used for lighting prior to electricity) with hydrochloric acid.

1) He left in on the shelf, it polymerized and form polyvinyl chloride, better known as PVC.

2) Later, additives called plasticizers made PVC flexible and heat resistant.

3) PVC is used in making sprinkler pipes and electrical conduit.

Notice the trends.  Why are the B.P. increasing?








