The Chemical Car Race Challenge

Synopsis:

The aim of this challenge is for pupils to power a model car over a 5m course using only chemicals and equipment found in a normal Chemistry laboratory.

Equipment:

The following is only intended as an indication of what could be used. Teachers can make the challenge as controlled or open-ended as they want to or feel comfortable in doing. Pupils could be asked to select equipment and chemicals from a list or be left to trial their own ideas.

Equipment:

Model cars (see model car info sheet)

Plastic bottles (various sizes)

Balloons (various shapes & sizes, the bigger the better)

Electric motors

Wires

Croc clips

Gears

Sticky tape

Camera film containers

Chemicals:

Sodium bicarbonate powder

Sodium bicarbonate solution (2 moll-1)

Citric acid powder

Citric acid solution (2 moll-1)

Hydrochloric acid (1 moll-1)

Vinegar

Calcium carbonate powder

Copper sulphate solution (1 moll-1)

Magnesium sulphate solution (1 moll-1)

Zinc sulphate solution (1 moll-1)

Strips of copper metal

Strips of zinc metal

Strips of magnesium metal

Possible scenarios:

In an open-ended investigation taking a number of hours to complete, pupils could be given very little information other than the challenge and background information (See pupil hints sheet 1)

In a more controlled investigation pupils could be given information on the chemicals available and two possible methods. (See pupil hints sheet 2).

In a controlled investigation pupils could be given only the chemicals that produce carbon dioxide and given an explanation of how jet propulsion could work to power their car (See pupil hints sheet 3).

Teacher Advice:

The following is what we learnt from running this as an open-ended challenge over a term’s worth of lunchtimes. There were a lot of frustrations and failures but it was a very enjoyable and lively experience for all concerned:

The problem is harder than it would first appear. Using a homemade battery and gears to power the car seems at first to be a good idea. However getting sufficient voltage and current to turn a motor is one thing getting it to move a car laden down with chemicals is another matter. Our experience shows that although the pupils become very knowledgeable on making batteries and producing reasonably good voltages, the internal resistance of their batteries meant that they never got them to work.

One group produced a lead-acid battery that was successful but it required charging up and still presented a number of engineering problems.

The most common successful method was to simply to fill a balloon with carbon dioxide gas, stick it to the chassis of the car and let it go. The jet propulsion pushed the car a reasonable distance in a reasonable time. However, there are still a number of problems to overcome. Namely, how do you get the chemicals to mix and collect the gas in the balloon without losing most of the gas to the atmosphere? The answer is to put one of the solid chemicals in the balloon; put the end of the balloon over the neck of the bottle and when you want the gas, tip the balloon upwards. The next problem is getting the balloon onto the chassis so that it takes the car forwards when the gas is released. Sticky tape and practice are required here. 

The most successful method used the carbon dioxide gas produced in a coke bottle, stuck to the car chassis, to push out a bung with a heavy metal rod in it. The recoil force pushed the car forwards at a great rate of knots. This was quite a technical set up, as they had to have a different method of keeping the chemicals separate before they wanted the gas to be produced.

I am sure there are many more different ways to complete the challenge and the above are only given as helpful hints.

