23: Silicon and Silane:   (John Kinsman)
Magnesium is high in the reactivity series of the elements and can be used to displace many other elements from their oxides.  It is little used commercially for this because  carbon is much cheaper and also the by-product Magnesium Oxide is a solid which has to be removed from the product while Carbon Dioxide, as a gas, automatically removes itself.  Magnesium is more reactive than Carbon and can displace Carbon from Carbon Dioxide; it can also displace Silicon from Silicon Dioxide.

(If a strip of burning Mg ribbon held in tongs is lowered into a gas jar of Carbon Dioxide the Mg will continue to burn, spluttering.  The MgO produced will deposit on the side of the gas jar and if a little 2M HCl is added to dissolve the MgO it is apparent that black stains of Carbon were also produced.)

Method.  Weigh 1.0g of dry Mg powder and 1.0g of dry silver sand (SiO2) and mix. Place in a test-tube and heat strongly until a red glow has spread throughout the mixture.  Allow to cool.  The test-tube will have part melted during the reaction. If the mixture or the test-tube was not dry then there will also be a by-reaction between the Mg and the steam producing H2 gas which will ignite with a pop at the top of the tube. This is not dangerous but can startle if not expected.

When cool remove the product from the test-tube.  You may find it easiest to smash the test-tube and proceed with the mixture of reaction product and glass.

Place 100ml of 2M HCl in a beaker and add the solid product.  The MgO will dissolve (as will any un-reacted Mg) and leave elemental Si as a black gritty solid that can be rinsed and dried if desired.

However, invariably a side reaction also takes place during the heating as some of the Si produced reacts with some of the Mg to produce a little Magnesium Silicide (Mg2Si) which then reacts with the HCl to produce Silane gas which is spontaneously inflammable in air and you will observe, possibly for a minute or two, flashes and pops as this Silane burns.  Silane is the Si equivalent of the C compound Methane.  It has a distinctive smell.

Reactions:



SiO2  + 2Mg  ( 2 MgO  +  Si               Main reaction



Si  +   2Mg     (  Mg2Si                         By-reaction



Mg2Si   +   4HCl   (   MgCl2   +  SiH4      Silane produced in acid



SiH4     +    2O2   (     SiO2     +   2H2O    Silane ignites spontaneously.

DO YOUR OWN RISK ASSESSMENT

· Safety spectacles to be worn.   Lab coat.    Heat proof mat.
· Beware red hot test-tube.  Broken glass.  2M   Hydrochloric acid.

· Ensure that spontaneous ignition is complete before disposal.  Stir well when reaction appears to have stopped.

· Weigh Mg and sand, do not estimate by volume.
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