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Demonstration of the
pyrophoricity of silanes
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Presenter
Presentation Notes
Download the instructions for this teacher demo from the EiC website: rsc.li/2UTm9Db. The article includes a video, technician notes and teaching goals.

https://rsc.li/2UTm9Db

Covalent bond

Electrostatic attraction between shared electrons and
the nuclei of their atoms
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Acids + metal oxides

Structure and bonding

hydrochloric acid + magnesium oxide = magnesium chloride + water
2HC1 + MgO = MgCl, + H,0

Metallic
Stronger electrostatic force
between delocalised electrons
and metal ions in Mg
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Strong covalent bonds

Magnesium reduces silicon dioxide __rimgerax” ] e

The more reactive magnesium ‘steals’ the oxygen

magnesium + silicon dioxide » magnesium oxide + silicon
2Mg + SiO, = 2MgO + Si
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Presenter
Presentation Notes
The creation and pyrophoric reaction of silanes in air is an excellent way to explore a range of chemistry topics including redox and acid–base reactions, combustion, kinetics, and structure and bonding in macromolecular as well as simple covalent substances.
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Presenter
Presentation Notes
Silanes are the silicon analogue of the alkanes. 

The silicon/silicide reacts with the HCl to produce a range of small hydrides analogous to the alkanes with the general formula Sin H2n+2.


Magnesium

Mg

Metallic structure

Search:
Exhibition Chemistry
Steaming ahead with magnesium

Silica
(silicon dioxide)
SiO,

Giant covalent structure
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https://rsc.li/3ryB8AV

Metallic

Stronger electrostatic force
between delocalised electrons
and metal ions in Mg

Search:
Exhibition Chemistry
Finding the NaK

Giant covalent
Strong covalent bonds
between all atoms
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https://rsc.li/3l2rvIk

Magnesium reduces silicon dioxide
The more reactive magnesium ‘steals’ the oxygen

magnesium + silicon dioxide = magnesium oxide + silicon
2Mg + SiO, = 2MgO + Si
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Presenter
Presentation Notes
The first displacement reaction demonstrates silicon’s relative position on the activity series compared with magnesium, as well as the high melting point of silica, a macromolecular substance. 


Magnesium reduces silicon
Magnesium gives electrons to the silicon

magnesium + silicon = magnesium silicide
2Mg + Si =& Mg,Si

®
! ¥ ROYAL SOCIETY elc
PN OF CHEMISTRY


Presenter
Presentation Notes
Silicon can go on to further react with magnesium.


hydrochloric acid + magnesium oxide = magnesium chloride + water
2HCI + MgO = MgCl, + H,O
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Presenter
Presentation Notes
On initial addition of the product mixture to the acid, the metal oxide reacts and dissolves away to reveal the silicon following a classic acid–base equation. The silicon/silicide is now also able to react with the acid to produce a range of small hydrides analogous to the alkanes with the general formula Sin H2n+2.


C—H

108 pm

414 kJ/mol

Si—H
148 pm

323 kJ/mol

Longer bonds are weaker
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Presenter
Presentation Notes
The silanes float to the surface, where combustion follows the same initial pathway as that of methane, allowing for a meaningful comparison of activation energies to be made in association with bond enthalpy values.

Lengths and strengths of bonds in CH4 (left) and SiH4 (right) reflect the change from bonds made in the second and third principle shells of the central atom while maintaining the same core charge
�The longer, weaker, Si–H bonds will break more easily, leading to more frequent successful collisions at a lower temperature than in the methane–air mixture.


Need a spark
Stronger bond = higher
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