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Teacher resource 2 – Ball and stick models
Introduction
The foundation in Chemistry students have gained from their studies at GCSE is developed and entwined through many aspects of the Geology course.  Most significant sections which depend on prior chemical studies include 2.1.1 Minerals where students are required to express compositions of minerals using chemical formula and when considering the crystalline structures of rock-forming silicate minerals. Other areas which have strong roots in chemical understanding include diagenesis, metamorphism, contaminated soils and clays and isotope geochemistry.
The aim of this lesson element is to maintain and refresh students chemical knowledge and understanding using the context of the A level Geology course.  Not only will this help their understanding at this level but by continuing to use and apply the fundamental concepts of chemistry they will feel more confident and prepared when studying a range of Earth Science degree courses in their future career paths.

The most relevant parts of the GCSE chemistry course that students come with an understanding of include atomic structure and the periodic table, changing state and chemical bonding, the chemistry of carbon based structure, redox reactions, separating chemical mixtures and the reactivity series.

From studying GCSE Chemistry students understand how the type of bonding in a chemical species relates to its physical properties.  They are aware that giant covalent structures have high melting points and can be very hard, whilst simple molecular structures have low boiling points and that it is the intermolecular forces that are significant.  Students understand that metals and non-metals bond using ionic bonding arranged in giant ionic structures which explains their high melting points and crystalline structure.  

Students have a strong foundation in the chemistry of carbon and the structures which this unique element forms, understanding how carbon bonds in the three-dimensional framework of diamond, into the sheets of graphite, and the spheres and rods of fullerenes. This knowledge can be a strong base to be able to build an understanding of the structure of rock forming silicate minerals and how their arrangements influence their physical and chemical behaviour.

By linking their understanding of atomic structure to the behaviour of metals and non-metals students are able to predict an elements tendency to form an ion and what the charge on that ion is likely to be.  Students understand reduction as gaining electrons and oxidation is loss of electrons but often struggle to represent this in the form of a half equation where they may not be confident on where the electron(s) should appear.

Prior knowledge on rates of chemical reaction could be applied to considering the high surface to volume ratio of clays to account for their properties.  Within the area of reaction kinetics students are aware of the concept of equilibrium and the impact of changing temperatures and pressures which gives some prior understanding of the geochemistry behind some metamorphic processes.

In this activity students will be making models of silicate tetrahedra out of ‘ball and stick’ parts. They will use the models to build up the different structures that the tetrahedra form in the various minerals.
Activity

2.1.1 Minerals – students are required to express compositions of minerals using chemical formula and when considering the crystalline structures of rock – forming silicate minerals. The use of chemical symbols to indicate elements present and their ratios will be very familiar to students as it is embedded throughout the GCSE (9-1) Chemistry course.

Silicate structures can be introduced by considering the tetrahedral arrangement of the basic building block, the silicate ion, SiO44−. By reference to the periodic table, students will note the preferred number of covalent bonds formed by silicon (4) and oxygen (2). A plasticine® and cocktail stick model can help with this:
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As each oxygen is only forming one covalent bond, each oxygen bears a single negative charge (Si–O–), hence the overall charge of the silicate ion of 4 −.

The negative charge of each silicate ion can be balanced by two 2 + ions, as found in orthosilicate materials such as olivine – (Mg2+,Fe2+)2SiO4.

More complex silicate structures are then be formed when silicate ions are bonded in chains (e.g. pyroxenes), double chains (e.g. amphiboles), through sheets and to three dimensional lattices (e.g. quartz). These form when some of the oxygen atoms form two covalent bonds to adjacent silicon atoms. Conceptual links can be made to their previous study of polymers, where polymers are formed from the successive bond together of monomers; here the silicate ion is effectively the monomer.

You will need atomic modelling pieces these can be either actual Molymod® kits or improvised kit using polystyrene balls/plasticine®/marshmallows (pink silicon, white oxygen) and cocktail sticks. Although there are specialist Molymod® inorganic kits (diamond, graphite, NaCl and ZnS) these have limited adaptability and you will find it easier to use model carbon atoms in the place of silicon which works as they are both Group 4 elements with the same number of electrons in their outer shell and the same bond angles. You will need to make sure you have plenty of white model oxygen atoms and connecting pieces (or cocktail sticks/straws) to connect the atoms and tetrahedra together.

Suggested learning activities:

Students could be provided with simple diagrams of pyroxene and amphibole structures, identify the repeating unit, state the ratio of Si:O and therefore suggest how many metal cations would be necessary. Building, in order, single tetrahedra followed by chains, sheets and ultimately, framework models
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This task would be much more challenging with a sheet silicate structure but hopefully they will see the trend that as there are fewer oxygens to each silicon in the ratio then fewer metal cations are needed, this will eventually lead to the structure of quartz which will not require any metal cations.

The platy structure of micas can be linked to work on the structure of graphite.  Finally the three-dimensional structure of the feldspars and quartz could be related to previous work on the structure of diamond but is possibly less instructive to build
The tetrahedra are linked by the oxygen atoms that they share. The degree of sharing determines the type of mineral.
Extension activity:

[image: image4.jpg]GEOLOGY OCR

Delivery Guide (Learner Resource) Oxford Camistidge and HSA



The chemistry jigsaw puzzle appraoch could be an excellent way to recap ionic bonding and to link and develop it in the context of geology. Students could produce their own chemistry jigsaws to represent olivines, pyroxenes, amphibioles, and micas.
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