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Properties of carboxylic acids.

Aim

Study some physical properties and chemical reactions of several carboxylic acids . Compare the similarities and differences. Learn to write a full report.

Introduction
Carboxylic acids have the carboxyl group (            ), which is made up of the carbonyl (          ) & the hydroxyl (-OH) group. They are more acidic than other organic compounds and are less likely to be attacked by nucleophiles than carbonyl compounds. Also, they can form strong hydrogen bonds.
As carboxylic acids contain COOH, the functional group. It will let them weakly ionize to some extent to give hydrogen ions, and neutralized by bases to form salts:

     RCO2H(aq) +OH-(aq) ( RCO2-(aq) + H2O(l)

Basically, in fact, there are few common chemical reactions. One is the neutralization due to acidic nature as mentioned above. The other is that the reaction with alkanols - esterification. During the reaction, ester is obtained and fruity smell can be detected.
Requirements

Several carboxylic acids.

pH paper.

Magnesium ribbon.

Ethanol.

Potassium dichromate(VI) solution(0.1M).

Dilute sulphuric acid(1 or 2M).

Concentrated sulphuric(VI) acid (18M).
Wood splints.

Large beakers.

Procedure
Solubility in water; pH of solution; Reactions of aqueous acids with metal.
Solubility in water

1. 2 cm3 of water was mixed with several drops of a liquid carboxylic acid through a dropper or half spatula measured solid carboxylic acid was put into water.
2. It was observed if the presences layers of liquids or particles of solids. 

pH of solution

1. Several drops of a liquid carboxylic acid were transferred through a dropper to the pH paper.

2. It was observed that the color of pH paper so that the approximate value was obtained
Reactions of aqueous acids with metal
1. everal drops of a liquid carboxylic acid through a dropper or half spatula measured solid carboxylic acid was put onto a piece of magnesium. 

2. It was observed that if gas bubbles were formed.
3. If any, the gas was avoided to escape by using a stopper with a test tube.
4. A splint was lighted and the stopper was opened.
5. The lighting splint was put onto the month of the test tube.
6. It was detected if there was any sound.
Esterification
1. 10 drops of ethanol was added to a test tube through a dropper to a test tube. 
2. 10 drops of a liquid carboxylic acid was added to the test tube through a dropper.
3. Then 10 drops of concentrated sulphuric(VI) acid were added to the test tube of the mixture through a dropper.
4. The test tube then was shaked gently and was put into hot water bath( a large beaker was used).
5. The test tube was stayed at the bath for several minutes.

6. A large amount of water was poured to the mixture of the test tube.

7. It was detected if any of smells formed 
***(DRY test tubes were used)

Oxidation
1. 1 cm3 of dilute sulphuric acid was transferred to a test tube by a dropper.

2. Several drops of potassium dichromate(VI) solution were transeferred by a dropper to the test tube.
3. Several drops of a liquid carboxylic acid were transferred through a dropper to the test tube.

4. The test tube then was shaked gently and was put into hot water bath.
5. It was observed if there was any visible changes of mixtures
6. The rates with different acids were compared.
***The above procedures were repeated when with different acids. Besides, with different acids, the apparatus were washed by deionized water
Caution:

(1) Concentrated sulphuric(VI) acid is very corrosive and is reacted violetly with water. The concentrated sulphuric(VI) acid should be avoided contacting. The reagents should be stoppered as fast as possible.
(2) Safety spectales have to be worn during the experiment.

Conclusion and discussion
(1) For test of the solubility in water methanoic acid, ethanoic acid, propanoic acid, butanoic acids are soluble and benzoic acid is insoluble in water. In fact, for propanoic acid, butanoic acids, they are just looking like miscible with water.

Thus, it can be said that as the carbon chain of the molecule becomes longer or number of carbon atoms in a molecule increases, the solubility will decrease and to insoluble at all.
This phenomenon can be explained in this way:

Firstly, in the carboxylic acids, as there are OH group other in the molecule, they are capable of forming intermolecular hydrogen bonding. Also, there are actually two O and one H per carboxylic acid molecule, they have more extensive intermolecular hydrogen bond than other organic compounds such as alcohol.

Due to the above structure of the carboxylic acids mentioned, and the existence of intermolecular hydrogen bonding, the acids should be result in polar nature.
Thus, for methanoic acid, intermolecular hydrogen bonding is the main force, resulting in polar of the molecule and so soluble in water which is polar. (result of like dissolve like).

However as the number of carbon atoms in a molecule increases, the weak Van der Waals Force between molecules becomes the main and dominating intermolecular force, no longer intermolecular hydrogen bond. The result of the weak Van der Waals Force is that the molecule becomes less polar. As a result, as the number of carbon atoms in a molecule increases, the solubility will decrease and to insoluble at all.

Besides, due to the benzoic acid consists of benzene ring has a resonance effect, which make the molecule more stable and so less polar. So besides the reason mentioned above, it is also the reason why the benzoic acid does not dissolve in water. 
Also, as the carbon chain increases, the density also increases, which make the acids be denser than water. 

(2)As when use a burning wooden splint on the month of the tube in the test of reaction of carboxylic acid with magnesium, a pop sound is detected with each sample acid. So the gas evolved is hydrogen gas

  As each test with a pop sound, the equation of reaction of carboxylic acids with magnesium can be generalized:

  2RCOOH(aq) + Mg ( (RCOO)2Mg(aq) + H2(g)
(3)From the results, the acidity of carboxylic acids decreases with carbon atoms in a molecule, that is pH increases as carbon atoms in a molecule increases.

  The phenomenon can be explained in the following way: 
  Take HCOOH and CH3COOH as example.
  From the results CH3COOH is a weaker acid than HCOOH because the electron donating effect of CH3 group on CH3COO- destabilizes the anion so that the equilibrium :

CH3COOH(aq) + H2O(l)     H3O+(aq) + CH3COO-(aq)

is more favored to the left than the equilibrium:
   HCOOH(aq) + H2O(l)     H3O+(aq) +  HCOO-(aq) 
  (H is NOT electron donating)               

   From the same point, with the more carbon atoms in a molecule, the alkyl group on its conjugate base more destabilizes the anion and as a result of the acidity can be arranged in the ascending order:

   Benzoic acid< butanoic acid< propanoic acid< ethanoic acid< methanoic acid 

(4)(a)RCOOH + R’OH           RCOOR’ + H2O
(b)Concentrated sulphuric(VI) acid acts as powerful dehydrating agent and acts as catalyst. This can also shift the equilibrium to the right sign, so more ester can be obtained.

(c)As the nature of fruity and plesant smell of esters. One of their uses is used as favorings.
(5)For the experiment about oxidation, there is one and only one carboxylic acid can undergo—methanoic acid. In the reaction of methanoic acid with potassium dichromate, the color of solution changes from orange to green.

  The reason for only methanoic acid undergoes oxidation due to its special feature:

  Methanoic acid (                ), has an aldehyde group(        ) so that it shows some unique features that are not shown by ordinary carboxylic acids:

  HCOOH is reducing as shown by the experiment. It can be easily oxidized to give CO2(g) and water by common oxidizing agents such as potassium dichromate in acidic medium(used in this experiment).

  In fact, the equation when methanoic acid mix with potassium dichromate K2Cr2O7/H+in acidic medium:

              [O]

HCOOH (aq)  (   CO2(g) + H2O(l)
