Aim: Identification of a Carbonyl Compound by Preparing its Derivative

Objective: To identify a carbonyl compound by preparing a crystalline derivative, by condensation reactions with compounds such as phenylhydrazine and 2,4-dinitrophenylhydrazine, which can be isolated in relatively pure form and have well defined melting point. From finding the melting point of the derivative (a list of melting point data is given), the corresponding carbonyl compound is identified.

Chemicals:

1. 2,4-dinitrophenylhydrazine in methanol

2. ethanol

3. methanol

4. unknown carbonyl compound labelled X1
5. dilute sulphuric acid

Apparatus:

1. Boiling tube

2. 100cm3 measuring cylinder

3. apparatus for melting point determination

4. apparatus for suction filtration

5. ice bath

Procedure:
A . Preparation of 2,4-dinitrophenylhydrazone of compound X1.

1. 10 drops of compound X1 was added to 5cm3 of 2,4-dinitrophenylhydrazine solution in a boiling tube. 

2. Crystals were formed and then filtered off by suction filtration. 

3. The crystals were washed with 1 cm3 of methanol during the filtration.

4. The crystals were recrystallized from hot ethanol and CHCl3.
· The crystals were transferred to a boiling tube standing on a steam bath.

· The crystals were dissolved in the minimum amount of hot ethanol.

· When the crystals have dissolved, the solution was cooled in an ice-water mixture until crystals reappeared.

· The crystals were filtered by suction.

· The crystals were washed with a few drops of cold pure ethanol.

· The crystals were dried on a dry watch glass in an oven for a few minutes.

B. Determination of the melting point of the 2,4-dinitrophenylhydrazone
1. A small amount of the crystals were introduced into a melting point tube until a    total length of about 0.5cm is compacted at the bottom of the tube.
2. The melting point tube was placed in an apparatus for melting point determination.
3. The temperature is recorded when the crystals started to melt.

Experimental results:
The melting point of the 2,4-dinitrophenylhydrazone (the derivative of compound X1) obtained was 166.2℃.
Interpretation of Experimental results:

Melting points of crystalline derivatives of carbonyl compounds

Name
Melting point of 2,4-dinitropheylhydrazone / ℃

Aldehydes


Methanal
167

Ethanal
146, 164

Propanal
156

Butanal
123

2-methylpropanal
187

Benzaldehyde
237

Ketones


Propanone
128

Butanone
115

Pentan-2-one
141

Pentan-3-one
156

Hexan-2-one
107

4-methylpentan-2-one
95

Cyclohexanone
162

As the melting point of the 2,4-dinitrophenylhydrazone (the derivative of compound X1) obtained was166.2℃, from the table above, the corresponding unknown carbonyl compound X should be methanal. 

Discussion:

1. Safety precautions:
Safety goggles were worn because methanol solution of 2,4-dinitrtophenylhydrazine and bench dilute sulphuric(VI) acid is corrosive.
The experiment was done away from flame because 2,4-dinitrophenylhydrazine, methanol, ethanol, and many carbonyl compounds are flammable.

2. Sources of error:
The impurities such as pieces of filter paper, excess compound X1, 2,4-dinitrophenylhydrazine might lower the melting point of the derivative. The obtained value might be lower than the value listed in the table given.

3. Suggestions for improvement:
· The insoluble impurities can be removed by dissolving the solution in ethanol and then being filtered. Then perform recrystallization.

· The soluble impurities compound X1 and 2,4-dinitrophenylhydrazine might be present in the product before recrystallization. They can be removed in the recrystallization process because of different solubility in ethanol.
4. In selecting a suitable solvent in the recrystallization step, a solvent which the compound X​ 1 is soluble in when hot and insoluble in when cold should be considered.
5. In the recrystallization procedure, the crystals were dissolved in only the minimum amount of hot ethanol to make the solution achieve saturation so that the yield of product is increased on cooling.
6. If the melting point of the 2,4-dinitrophenylhydrazone is 156℃ we can determine whether the compound X is propanal or pentan-3-one by determining its boiling point.
If the boiling point is 102℃, the compound X should be pentan-3-one;
if the boiling point is 48℃, the compound X should be propanal.

Conclusion:

An unknown carbonyl compound can be identified from the physical properties (i.e. melting point) of its derivative.
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