Chemistry 11

Unit VIII

Problem Set 8.3 Functional Groups

Functional groups are groups of atoms that can dramatically change the chemistry of a carbon and hydrogen compound.  By adding a simple group like OH, for example, the chemistry of an alkane can become very different.  There are several functional groups, but the naming system is similar for many of them.  

As with alkenes and alkynes, the longest chain must contain the functional group.  The branches are then named, just as they are with the other compounds we have already looked at.

1.  Halides

Many organic molecules contain one of the elements from the Fluorine family.  The most common is chlorine, but there are also bromides and halides as well.  The halide is treated much like a branch is in the alkanes, with the branch being either chloro, bromo or iodo.

For example, the following molecule would be named 2 – chloropropane



           Cl




CH3 – CH – CH3
2.  Alcohols

Alcohols are one of the most important organic compounds, not because of their social or economic value, but because they can be used to make almost all other organic compounds.  They are used to make alkenes, acids, esters, aldehydes, ketones, and many others.  They are also very important as solvents in industry and in chemical synthesis.  They are less polar than water, and will dissolve many things that water will not.  

Alcohols have the general formula


R – O – H 

where R is any carbon chain (as it was with the acids above). 

The simplest alcohol is Methanol, which has the structure of


       H


H – C – O – H    Methanol


       H

As the carbons grow, the name follows the alkane root name, as we have already seen with the acids.  So, for example, 


       H    H


H – C – C – O – H   which is commonly written as CH3CH2OH and is called ethanol


       H    H

The naming of the alcohols comes from removing the “e” from the alkane name (as with the acids) and adding “ol”.

Where the OH group attached is given the number before the name, so that for example:


           OH


CH3 – C – CH3  


           H

would be called 2-propanol instead of just propanol.

As with the acids, the OH group must be part of the longest chain.

3.  Organic Acids (Carboxylic Acids)
Organic acids are compounds which when dissolved in water produce some H+ which dissolves.  Most of the organic acids are not particularly strong acids, but their chemistry is definitely acidic.  A strong acid is something that when dissolved in water will dissociate (via a dissociation reaction) completely.  For example, HCl (hydrochloric acid) is a strong acid which completely dissociates





HCl(aq) ( H+(aq) + Cl-(aq)
In other words, if you dissolve 1 mole of HCl into a litre of solution, you will find the concentrations of H+ and Cl‑ to be 1 mole/L.

On the other hand, a weak acid like ethanoic (also called acetic, CH3COOH, which is the acid in vinegar) will not dissociate completely.  In fact, for every 100 ethanoic acid molecules you dissolve, you will get only about 1 H+ ion and 1 CH3COO- ion in solution, along with 99 CH3COOH molecules that have not dissociated.  The CH3COOH molecules will dissolve (because the molecule is polar, like water is) but very few dissociate.  In this way it can be considered a molecular compound with only slightly ionic characteristics.

The structure of the acid group looks like
       O






R – C – O – H 




       O

where the last  O – H bond can break to release the H+ into solution and leave the 

R – C – O –   group

Naming:

The naming of acids is primarily based on the longest carbon chain that contains the acid grouping.  The simplest acid is methanoic acid, with one carbon
       O


H – C – O – H  
Methanoic acid

The name of the acid is the same as the alkane, except that the last “e” on the alkane is droped and “oic acid” is added.

So, CH3COOH (with two carbons, and with the structure as above) would be called ethanoic acid.  (It is also commonly called acetic acid, and is found in vinegar)

CH3CH2COOH would be propanoic acid, and so on.

The substitution rules are the same, except that the carbon that is bonded to the oxygen atoms is always carbon number one.

4.  Aldehydes and Ketones

Both aldehydes and ketones are known as carbonyl compounds, because they both contain a carbonyl group, which is a C=O group.  For aldehydes, the C=O group is at the end of the carbon chain, whereas for a ketone it must be somewhere in the middle.

The general formula for aldehydes therefore is 


       O


R – C – H 

The general formula for ketones is


       O


R – C – R’   where R can be the same as R’ or different from it.

The name of the simplest aldehyde is methanal and has the structure:

       O


H – C – H   (this is also called formaldehyde)

The name of the simplest ketone is propanone and is 


       H    O    H


H – C – C – C – H 


       H           H 

In general, the aldehydes are named for their longest chain which contains the carbonyl group (much like the acids and alcohols) and where the “e” from the alkane name is dropped and “al” is added.  The carbonyl carbon is always counted as #1, just like with the acids.

For ketones, the longest chain which contains the carbonyl group is named, with the number used as the location of the carbonyl group.  So, for example, 2-hexanone would be CH3COCH2CH2CH2CH3.  

5.  Ethers

Ethers are important in chemistry as solvents for many organic reactions which can not take place in water.  

Ethers have the general formula R – O – R’, where R and R’ can be the same or different.  They are named for the groups that are on both sides of the oxygen. 

The simplest ether is dimethyl ether


CH3 – O – CH3
Whenever the groups are the same, the di prefix is used to name the ether, as seen above with dimethyl ether.

So, diethyl ether would be 


CH3CH2 – O – CH2CH3
with two ethyl groups on either side of the oxygen.

If the groups are different, however, each side is named alphabetically, then the word “ether” is added.  For example


CH3 – O – CH2CH3
would be called ethyl methyl ether.

The chains can be more complex, but each chain is named and the word ether is added.

6.  Esters
Esters are compounds which often smell strongly.  Many of the fruits we eat have their characteristic smell because they contain esters.

The naming of esters is much like the rules that we have already seen.  Their functional group is

                     O



R – C – O – R’ 

where the R chain and the R’ chain do not have to be the same (much like the ethers we have already seen).
Esters are made from the reaction of alcohols with organic acids, and you can see the combination of these two groups in the diagram above.  When an acid and an alcohol react, a water molecule is removed (a process called dehydration) and the two functional groups link together.

The naming of the esters comes from the name of the alcohol and acid that they are derived from.  For example, if ethanol is reacted with ethanoic acid, we get the ester called ethyl ethanoate.  The first part of the name comes from the alcohol and the second part from the acid where the “oic acid” ending becomes “oate”.  The molecule would be:



O


CH3 – CH2 – O – C – CH3

ethyl ethanoate




from ethanoic acid (with the 0H removed)

from ethanol (with the H removed).

The H from the alcohol reacts with the OH from the acid to form water.

8.6	Draw the following structures


	a) 2-methyl-butanoic acid		b) 2,2-dimethyl-3-pentanol	c) 3-ethyl-pentanone


	d) 2,3,4-trimethyl-hexanal		e) 3,3-diethylpentyl ethyl ether	f) 2-methyl-3,3-diethyl-4-heptanone





8.7	What is the molar mass of the following compounds?


	a) 2-methylpropyl ethyl ether	b) 3-ethyl-3-pentanol		c) 2-methylbutyl 3-ethylpentyl ether





8.8	The names of the following compounds are incorrect.  Draw the compounds suggested, list the errors and name the compound properly.


	a) 2-ethyl-4-butanal		b) 3,3-dimethyl-4-butanol		c) 2,2-dibutyl-ethanoic acid








