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A Hydrogen Balloon:

A balloon filled with a sufficient quantity of hydrogen is interesting both from a chemical (It burns) and a physical (It floats in air) point of view. Balloons are most easily filled from a cylinder of hydrogen – taking appropriate precautions – but this misses out a great deal of chemistry and cylinders of hydrogen are not always available in school. Collecting the gas directly in a balloon also has the advantage of showing how gases were sometimes collected and handled in the early days of chemistry before glass tubing etc. became widely available. In the 17th and 18th centuries rubber balloons were not available either but pigs’ bladders could serve the purpose!

Hydrogen is generated by the action of dilute hydrochloric acid on granulated zinc – made slightly impure by the addition of a trace of copper sulphate to the solution.

Any conical, r.b. or f.b. flask with a chip-free rim and a sufficiently narrow neck to allow the mouth of a balloon to be stretched over it is likely to be suitable. It is important that it is not cracked or scratched. A capacity of 250cm3 to 500cm3 seems suitable. (I find it convenient to reserve a particular flask for this purpose and then the remaining zinc can easily be kept for future attempts.) 

First place a considerable excess (about 100g) of granulated zinc in the clean flask and add a small crystal of copper sulphate (or a few drops of copper sulphate solution). Fill the flask with clean water to within 3 – 5cm of the rim and check that the balloon is ready. (You should have checked that the mouth will stretch over the neck of the flask and that the rubber is free from holes. It is a good idea to inflate the balloon with air first and then let all the air out again just before you use it. The balloon must be of an ‘appropriate’ size and, if possible of ‘helium quality’ – the mouth part should also be sufficiently long to enable you to tie a knot in it once the balloon has been filled.) 

When all is ready measure out about 100cm3 of the water from the flask and replace it with the same volume of concentrated (13.5M) hydrochloric acid. You will quickly find the volume of acid that produces sufficient hydrogen at a suitable rate for you. (If you wish to avoid the use of fuming acid at this stage it is equally satisfactory to remove 200cm3 of the water and replace it with 200cm3 of 50% hydrochloric acid.) Immediately fix the balloon over the neck of the flask. (If the liquid bubbles into the balloon you have not left sufficient space – remove the balloon and discard a little if the liquid before re-attaching it.) It will take some time for the balloon to inflate with hydrogen but do not leave it unattended! When it is large enough, twist the mouth of the balloon and push it off the rim of the flask. (Since it is likely that hydrogen will still be being generated the gas pressure may blow it off.) Quickly tie off the balloon and attach a length of string – especially if the room you are in has a high ceiling. (Possible scenarios are that the balloon will burst, blow off the flask or you will fail to tie it off properly. It is a good idea to have ‘one that you prepared earlier’ just in case.)

Risk Assessment (You MUST make your own):

1. The major risk is the possibility of dilute acid spray being formed when the balloon is being manipulated or if it bursts. The demonstrator and all close by should use eye protection.

2. The chance of the flask bursting is minimal but it can be placed behind an explosion screen or covered with transparent adhesive tape. Take care that the flask is not dropped or knocked over when the balloon is being attached or detached.

3. If you intend to dispose of the balloon of hydrogen by setting it alight (Recommended): (a) Warn the audience that there may be a loud noise (Put hands over ears or leave the room if particularly sensitive or nervous.) It is wise for the demonstrator to wear ear-defenders. (b) Fix the balloon so that it is floating well away from people or surfaces. (c) Ignite the far side of the balloon with a long burning taper (attached to a ruler if you wish). I discovered that a jet of flame emerges from the point at which the balloon bursts – this shot up my sleeve and burned most of the hair off my arm. This did not hurt, but the smell was terrible.

4. (There is a number of other ‘warnings’ give in the text above.)

Educational Context:

‘Floating’ hydrogen balloons are good examples of Archimedes’ Principle since they are able to displace a weight of air (that gives the ‘up-thrust’) greater than the total weight of the balloon and the gas inside. The weight of string that the balloon is able to lift can be used to estimate the value of the up-thrust.

Hydrogen is used to lift weather balloons and in the 1920s and 1930s was used for manned flight. The ‘Hindenberg’ disaster, May 6th 1937, effectively ended the use of hydrogen in airships. Setting light to the hydrogen balloon effectively demonstrates why such ‘lighter than air’ machines can be dangerous. (Recent studies of the Hindenberg disaster have speculated that the huge amount of hydrogen, which burned was not the prime cause of the disaster. Indeed it might have been equally bad (albeit less dramatic) had the airship been filled with helium (http://www.clean-air.org/hindenberg.htm) 

Since the balloon contains mainly hydrogen (very little oxygen) the hydrogen burns ‘relatively’ quietly – but do not underestimate the noise of the balloon bursting and the explosion of the hydrogen that gets mixed with the air before it is ignited! (It is recommended that bubbles are used to contain any mixture of hydrogen and oxygen that is to be exploded – see Demo. No 3 – if you use balloons for this they should be small and treated with extreme care at a distance. In this case the demonstrator should use ear-defenders.)  If you wish to demonstrate that pure hydrogen ‘burns quietly’ in air then it is better to use bubbles rather than balloons to contain the hydrogen (Demo 3 and/or Demo 22. Demo 22 provides an alternative method of collecting and handling small volumes of hydrogen.)
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