Carmel Holy Word Secondary School (AL Chemistry)

Form 7 Chemistry Practical
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Experiment 7:
Synthesis of an Azo Dye ---- the

Coupling Reaction of Benzenediazonium ion

with Naphthalen-2-ol

Introduction                                                     

Dyes play an important role in human history since ancient time. Dyeing processes are often considered as an important characteristic of a particular civilization or culture. Dyes are used in almost every commercial product such as food, clothing, pigments and paints, etc.

There are many different classes of dyes in which azo dyes are certainly one of the most important classes. About half of the dyes used in industry are azo dyes. Azo dyes have the basic structure, Ar(N=N(Ar’, where Ar and Ar’ are two aromatic groups.

The unit containing the nitrogen-nitrogen double bond is called an azo group. The nature of the aromatic substitutents on both sides of the azo group controls the colours of the azo compounds as well as the water solubility of the dyes and how well they bind to a particular fabric.
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In this experiment, you will prepare the azo dye 1-(4-hydroxyphenylazo)-2-naphthol:
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Preparation of the target azo dye involves the conversion of 4-aminophenol to the diazonium ion intermediate 4-hydroxybenzenediazonium ion followed by the reaction with naphthalen-2ol.
Chemicals

Sodium hydroxide, sodium nitrate(III), 4-aminophenol, naphthalen-2-ol, concentrated hydrochloric acid
Apparatus
	150-cm3 Conical flask
	Suction Flask

	100-cm3 Conical flask (2 pcs.)
	Spatula

	50-cm3 Beaker (2 pcs.)
	Droppers

	Buchner Funnel
	Weighing balance

	Glass rods
	Watch-glass

	Filter paper
	


Safety Precaution

(i)
Sodium hydroxide solution and hydrochloric acid are highly corrosive.

(ii)
Concentrated hydrochloric acid gives the choking gaseous hydrogen chloride, which is corrosive to the respiratory organs. It should be handled in the fumehood.

(iii)
Both naphthalen-2-ol and 4-aminophenol are harmful organic solids. Handle them in a good ventilated area to minimize exposure.

(iv)
Naphthalen-2-ol is a mild irritant and usually in a fine powdery form. Be careful not to breathe in the fine powder.

(v)
All azo dyes are mildly toxic. Handle the product with care. 

Procedures
1.
Prepare 30 cm3 of ~10% aqueous sodium hydroxide solution by dissolving 3g of sodium hydroxide in 27 cm3 if water in an 150-cm3 conical flask.

2.
Weigh 1.44g of naphthalen-2-ol (0.01 mol) and dissolve it into the sodium hydroxide solution. Stir the mixture until complete dissolution. Cool the solution with an ice-water bath.

3.
To prepare the benzenediazonium salt solution:

(a)
Dissolve accurately approximately 0.70g of NaNO2 (0.01 mol) in 5 cm3 of water.

(b)
Put accurately approximately 1.20g of 4-aminophenol (0.011 mol) into 45 cm3 of water in a 100-cm3 conical flask. Add slowly 12 cm3 of concentrated hydrochloric acid and stir the mixture until the 4-aminophenol is dissolved completely.

(c)
Cool the 4-aminophenol solution in an ice-bath. Some 4-aminophenol may precipitate out upon cooling. While keeping the solution at 00C add the sodium nitrate (III) solution slowly with a dropper. The mixture should be well-stirred during addition. When the addition is completed, stir the mixture for another 2 – 3 minutes. The slightly turbid pale grey solution is the benzenediazonium salt solution.

4.
To the alkaline naphthalen-2-ol solution add the benzenediazonium salt solution slowly. The addition takes about 5 minutes. The reaction mixture should be stirred efficiently and cooled in an ice-water bath during the addition.

5.
When the addition is completed, stir the mixture at 00C for 5 – 10 minutes.

6.
Filter the mixture by suction filtration. Wash the solid product on the Buchner funnel with a small amount of cold water. Dry the product on the Buchner funnel with the suction turning on for a few minutes.

7.
Transfer the product to a watch-glass. Allow the product to dry for 1 – 2 days. Weigh the product and determine the percentage yield for the reaction.

8.
Determine the melting-point of the product.

[Photos of experiment are available at http://www.chem.cuhk.edu.hk/RBS6_Photos/Expt_8.htm ]
Data Treatment
Physical appearance of the product:
_____________________________________________

Melting temperature range (0C):
_________________________________________________

Mass of 1-(4-hydroxyphenylazo)-2-naphthol obtained:
_________________________________

Questions

1.
Calculate the percentage yield of azo dye obtained in this experiment.


(Hint: In this experiment, both naphthalen-2-ol and sodium nitrate (III) are limiting reagents. Therefore, the percentage yield calculation should be based on the amounts of these two reagents used.)

2.
A brick red precipitate forms in the reaction of naphthalen-2-ol with the benzenediazonium salt solution. What is the brick red precipitate? Write down the chemical equation for the reaction.

3.
Can we obtain an azo compound if the aromatic amine, 4-aminophenol, is replaced by an aliphatic amine such as butan-1-amine? Why?

4.
Naphthalen-2-ol dissolves well in sodium hydroxide solution but not in pure water and dilute acids. Why?

5.
Why is it advisable to prepare the alkaline naphthalen-2-ol solution before preparing the benzenediazonium salt solution?
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