Experiment 2.10.2d – The reactions of the halogenoalkanes

!! Wear eye protection correctly throughout the experiment

1 Reaction with aqueous alkali
Use a dropping pipette to put 1 cm3 of 20% potassium hydroxide in ethanol (CARE! – corrosive) in a test tube. Add 1 cm3 of distilled water and mix. Add 0.5 cm3 of 2-chloro-2-methylpropane and shake the mixture for around a minute. Add about 5 cm3 of dilute nitric acid and use a glass rod to place a drop of the mixture on full range indicator paper. If it is not acidic add a little more nitric acid and re-test until it is acidic. Now add a few drops of 0.02 M silver nitrate solution.

What do you observe and what does this suggest about the reaction which has taken place?

2 Reaction with alcoholic alkali
Mix 2cm3 of 20% potassium hydroxide in ethanol and 0.5 cm3 of 2-chloro-2-methylpropane in a test tube. Use a glass rod to poke some glass wool into the test tube to soak up the liquid mixture. Do not handle the glass wool directly or it will cause skin irritation. Clamp the test tube nearly horizontally with the open end slightly higher (this stops the liquid flowing out of the glass wool when it is heated). Make sure you place the clamp right next to the open end of the test tube (away from the heating area). Now fit the delivery tube and arrange to collect any gases over water. The following picture shows the apparatus you should have:
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You may be using a Bunsen valve which stops cold water being sucked back into the hot test tube (it can explode!) when it starts to cool down. If not, take great care to keep heating the test tube strongly. When you have finished (or if the cold water is approaching the test tube) use the clamp stand to lift the entire apparatus clear of the water. Fill three test tubes with water in the trough ready to collect any gases. Use a blue Bunsen flame to heat the glass wool strongly. Some bubbles will appear in the trough, but do not collect the first few as they will be largely air. Collect three test tubes full. When the tube is full, stopper it lightly. When you have collected three test tubes of gas lift the apparatus clear of the cold water to prevent suckback. Allow it to cool thoroughly before handling it and dispose of any glass wool in the glass bin.

To one of the test tubes of gas add 1 cm3 of bromine water (CARE!). Re-stopper it and shake the contents. What happens and what does this suggest about the type of functional group present?

You are going to try and burn the gas in one of the other test tubes. Hold the test tube at the bottom and at a 45( angle with the bung facing down towards the bench. Remove the bung and briefly ignite the contents using a blue Bunsen flame. As soon as it lights remove it from the Bunsen flame. If it doesn’t light I’m afraid you have not managed to collect any of the gas – try the final test tube. It goes out when the gas runs out. Putting it back in the Bunsen flame will not get it to re-light, however many times you try!!

Describe carefully the type of combustion. What does this suggest about the nature of the product?

3 A comparison of halogenoalkanes
You are going to run two races in this part of the experiment. Place 3 cm3 of ethanol in each of three test tubes. To the first add 3 drops of 1-chlorobutane, to the second 3 drops of 1-bromobutane and to the last 3 drops of 1-iodobutane. The ethanol allows the halogenoalkane to mix with the aqueous solution we are going to add. Meanwhile, place 3 cm3 of 0.02 M silver nitrate solution in each of three test tubes and place these in a boiling water bath to heat up.

When the silver nitrate is hot, add the contents of the three test tubes simultaneously to the three halogenoalkanes (you will need two people or three arms!). What is the order in which the reactions take place (precipitates form)? Try to explain this.

Now repeat the experiment, but this time using a primary halogenoalkane (1-chlorobutane), a secondary halogenoalkane (2-chlorobutane) and a tertiary halogenoalkane (2-chloro-2-methylpropane). Again, describe the order in which the precipitates form.
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