CHAPTER 1.5: ALCOHOLS AND ETHERS

· An alcohol is an organic compound that contains the –OH functional group.

· Ether is an organic compound that has two alkyl groups joined by an oxygen atom.

· Alcohols and ethers are structurally similar in that they are essentially water molecules with substituted alkyl groups.

    Example: an alcohol has the general formula    R-OH

                   An ether has the general formula     R-O-R’

· Naming an alcohol involves replacing the ‘e’ ending of the parent chain with ‘ol’.

    Example:     methanol     CH3OH

                       Propanol    CH3CH2CH2OH    

· Depending on the position of the hydroxyl group, an alcohol can be primary, secondary, or tertiary.
· Observe figures on page 39 to illustrate the types of alcohols.

· Alcohols that contain more than one hydroxyl group are called polyalcohols.
· Use the suffixes –diol, -triol, to the entire alkane name to indicate the number of –OH groups attached.

CYCLIC ALCOHOLS:

· Name these substances using the prefix cyclo before the parent alcohol name.

Eg.   Cyclohexanol    

· Aromatic compounds also have attached –OH groups.

· These are termed aromatic alcohols.
· The simplest aromatic alcohol is a benzene ring with an attached –OH group, named hydroxybenzene (also called a phenol).

Practice: page 41 #1, 2, 3

Properties of Alcohols:

· Observe table 1:Physical Properties of Alcohol

· Because of the –OH group which is quite polar, and since it will form H+ bonds with water, low molecular mass alcohols (4 or less C’s) are quite soluble in water.

· But alcohols with 5 or more C’s are usually not very soluble in water because of the non-polar hydrocarbon chain.

· However, because of these non-polar hydrocarbon chains, alcohols would be soluble in non-polar solvents.

· Also the –OH group in alcohol can form H bonds with themselves.

· Therefore, alcohols have higher boiling points than alkanes of similar molar mass.

· Only weak Van Der Waal forces exist in liquid alkanes.

Questions: page 42  #4, 5

REACTIONS INVOLVING ALCOHOLS:

· Recall that alkenes undergo addition reactions quite readily.

· If we start with an alkene, introduce the –OH group by adding water, you will end up with an alcohol.

· This reaction, which involves the addition of water to an alkene, in the presence of an acid as a catalyst, is referred to as a hydration reaction.
· Following Markovnikov’s rule, the hydrogen attaches to the carbon with the most number of hydrogens across the double bond.

Observe reaction:

    CH3CH2CH = CH2  +  HOH  (  CH3CH2 – CH – CH2

                                                                  OH    H

Combustion Of Alcohols:

· Alcohols undergo complete combustion reactions to form carbon dioxide and water as the products.

     2 C3H7OH (l)      +      9 O2(g)   (  8  H2O(g)    +   6  CO2(g)

         propanol       oxygen gas    water       carbon dioxide

Substitution Reactions of Alcohols:

· When a halogen, such as HCl, HBr, or HI, reacts with an alcohol, the halogen atom is substituted for the OH group of the alcohol.

Example:

 CH3- CH2 – OH      +    HCl  (                CH3 – CH2 – Cl     +    H2O

  Ethanol            hydrogen chloride       chloroethane             water

· The reverse reaction takes place when an alkyl halide reacts with OH- in a basic solution.

CH3 – CH2 – Cl       +      OH-      (      CH3 – CH2 – OH    +   Cl-
Chloroethane          basic solution               ethanol        chloride

                                                                                         Ion

Elimination Reactions of Alcohols:

· When an alcohol is heated in the presence of a strong acid and dehydrating agent, an elimination reaction takes place.

· The OH group and one H atom leave the molecule, and water is produced.

· As a result, the molecule forms a double bond.

· Because water is produced, this type of reaction is also called a dehydration reaction (meaning “loss of water”).

H       OH                                H             H  

 H -  C   -    C     -   H           (              C = C          +      H2O

       H        H                                   H              H  

Do Practice Questions: page 44 # 7, 8

Read over Summary on Alcohols  (page 45)

ETHERS:

· Alcohols and ethers are structural isomers.

Example:      Structural formula      Condensed Formula         BP 

                      CH3CH2OH                           C2H6O                 78.5

                      (H-bond present)

                        CH3-O-CH3                         C2H6O                 -23

                     (Van Der Waal forces)

· The general formula of an ether is R – O – R.

· Both alcohols and ethers are derivatives of water.

How to name an ether:  (2 ways)

   IUPAC:

1. Choose the longest alkyl group as the parent alkane.  Give it an alkane name.
2. Treat the second alkyl group, along with the oxygen atom, as an alkoxy group attached to the parent alkane.  Name it by replacing the –yl ending of the corresponding alkyl group’s name with –oxy.
3. Put the prefix and suffix together: alkoxy group  +  parent alkane.
COMMON NAME:

1. List the alkyl groups that are attached to the oxygen atom, in alphabetical order.
2. Place the suffix –ether at the end of the name.
Question:  Give the IUPAC and common name of the following ether:        CH3 – CH2 – O – CH2 – CH2 - CH3 

Solution:     IUPAC name is  1-ethoxypropane.

                 Common name is ethyl propyl ether  

PHYSICAL PROPERTIES OF ETHERS:

	Polarity of functional group
	The bent shape around the oxygen atom in an ether means that the two C-O dipoles do not counteract each other.  Because a C-O bond is less polar than an O-H bond, an ether is less polar than an alcohol.

	Hydrogen Bonding
	Because there is no O-H bond in an ether, hydrogen bonding does not occur between ether molecules.  Ethers can accept hydrogen bonding from water molecules.

	Solubility in water
	Ethers are usually soluble in water.  The solubility of an ether decreases as the size of the alkyl groups increases.

	Melting points and Boiling points
	The boiling points of ethers are much lower than the boiling points of alcohols with the same number of carbon atoms.


The Preparation of an Ether from an alcohol:

· Ethers are formed when two alcohols react with the elimination of a water molecule.

· This type of reaction is called a condensation reaction.
· Please remember that with a dehydration reaction a concentrated acid is required as a catalyst.

CH3OH(l)    +      CH3OH(l)    (              CH3OCH3(l)       +      HOH(l)
Methanol             methanol              methoxymethane         water

 Observe Summary on page 47

Section Questions:  Page 48    # 4, 6, 7 (a),(b), 

Oxidation of Alcohols:

· In the presence of an oxidizing agent, an alcohol is oxidized to form an aldehyde or a ketone.

· A primary alcohol is oxidized to an aldehyde.  If an aldehyde is oxidized further, it becomes a carboxylic acid.

· A secondary alcohol is oxidized to a ketone.  All the carbon bonding sites are now occupied with bonds to carbon and oxygen, so no further oxidation is possible.

· A tertiary alcohol cannot be oxidized.  Carbon can form up to four bonds, but all possible bonding sites are already occupied.  An oxidizing agent can break C-H bonds.  On the carbon atom of a tertiary alcohol, however, there is no hydrogen atom available to be removed.  C-C bonds are too strong to be broken by an oxidizing agent.  

