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Presenter Notes
Presentation Notes
Teacher notes: These slides can be used to introduce Born–Haber cycles, starting with NaCl as on the poster (rsc.li/wheelbarrow), then moving on to ionic compounds involving doubly charged ions.
To connect with prior learning, the enthalpy level diagram for the formation of a covalent compound is revisited to show how enthalpies for bond breaking, followed by bond making combine to give the overall enthalpy change.
Then the formation of a singly charged ionic compound is introduced – same principle, but now more types of bonding are involved, plus the electron transfer steps. 


https://rsc.li/2UfBalB
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Presenter Notes
Presentation Notes
Note that these slides contain a lot of animations to progressively build up what can be a complicated picture if seen all at once.

It is recommended that you use a remote presenter that allows you to click and talk at the same time without being tied to computer.


Learning objectives

1. Construct Born-Haber cycles involving singly and doubly charged cations and anions.

2. Compare the relative sizes of the enthalpy changes involved in different Born-Haber

cycles.
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3. Explain the relative magnitudes of enthalpy changes involving transferring electrons

from and to atoms and ions.

4. Calculate an unknown enthalpy change using Hess's Law, given suitable data about

the other enthalpy changes in a Born—-Haber cycle.



Presenter Notes
Presentation Notes
Note that calculation of the enthalpy change of formation for each compound is included but the methodology is not explained in detail.

The the primary aim of the slides is to show how the cycles are built up and the relative magnitudes of the different energy transfers involved.


Formation of H,0(g)
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Presenter Notes
Presentation Notes
First, revisit the formation of a covalent compound:

This slide reviews the calculation using (1) bond enthalpies that you would do to calculate the overall ΔH for a reaction just involving covalent molecules, such as the formation of water from hydrogen and oxygen.

[This slide can be removed or hidden if the link with bond enthalpies is not needed]
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Presenter Notes
Presentation Notes
Then move on to look at the formation of an ionic compound. Same principle, but different types of bonding are involved.

Once again, we are looking at (1 and 2) the formation of a compound from its elements.

This is a good opportunity to revisit the bonding topic and (3) perhaps also demonstrate the reaction. See how to demonstrate this reaction in the lab: https://edu.rsc.org/exhibition-chemistry/the-reaction-between-sodium-and-chlorine/4015463.article 

This time, energy is not only needed for bond breaking (4), but also to transfer the electron from the metal to the non-metal. This time though, we are making our compound from (5) unbonded ions, not atoms. 

The energy released as the electrostatic attraction between the ions pulls them together to form the solid crystal is (6) the lattice enthalpy.

Let’s (7) now look at the detail of the bond breaking and electron transfer.


https://edu.rsc.org/exhibition-chemistry/the-reaction-between-sodium-and-chlorine/4015463.article

Formation of NaCl(s)
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Presenter Notes
Presentation Notes
First the metallic bonding in the sodium is broken. This is the (1) atomisation enthalpy.

Then (2) the covalent bonding in the chlorine is broken, which per mole of chlorine atoms is either the (3) atomisation enthalpy or half the bond enthalpy (as two moles of Cl atoms are formed from breaking one mole of bonds).

Now we have to (4) remove the outer electron from the sodium atoms, which students should recognize as the (5) 1st ionisation enthalpy. At this point (6) there is an opportunity to revisit the misconception often picked up at pre-16 that metal atoms ‘want’ to lose their outer electrons.

Finally (7) the electron is transferred to the chlorine atoms to form the gaseous chloride ions, which is the 1st electron affinity.

The overall ΔH (8) can be calculated using Hess’s Law (9 & 10) in a similar way to that used for a bond enthalpy calculation.

Having drawn the cycle to scale, we can see that the most significant components of the process are the energy required for the ionisation of the sodium atoms and that released on forming the ionic lattice. We can also see that the real reason the metal atoms lose their outer electrons is to form the gaseous ions that are then able to form these very strong ionic bonds.


Formation of MgCl,(s)
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Presenter Notes
Presentation Notes
We now need to zoom out to show how much larger the energies are when multiple charged ions are involved. �
Note that the NaCl cycle is shown here at the start (and then moved right to get it out of the way). This is so that students can see how much larger the energy changes are for MgCl2 in comparison.



Formation of MgCl,(s) A
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Presenter Notes
Presentation Notes
These cycles begin with the lattice enthalpy to give the opportunity to discuss the effect of the increase in charge on the ions on the magnitude of the lattice enthalpy.

The rest of the cycle for MgCl2 is then built up in a similar way to the NaCl cycle, noting the additional components needed for a doubly charged metal ion – the 2nd ionisation enthalpy of Mg and double the atomisation and 1st electron affinity of Cl.



Formation of Na,0(s)
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Presenter Notes
Presentation Notes
This time we need to double the atomisation and 1st ionisation enthalpy of Na and add in the 2nd electron affinity of O.

Note that the second electron affinity of oxygen is large and positive due to the repulsion between the single negative ion and the incoming electron.



Formation of MgO(s)

The lattice enthalpy is
now so large, we have
to zoom out a bit more.
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Presenter Notes
Presentation Notes
This last cycle zooms out even further, as the lattice enthalpy of MgO is so large due to both ions now being doubly charged.
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Data

The values for some of the standard enthalpy changes involved in Born—Haber cycles
vary between different data books. Below is a summary of the values used in this
resource, which may differ slightly from those seen in textbooks or exam questions.

AH® / kJ mol-!
Enthalpy change Sodium Magnesium Chlorine Oxygen
Atomisation enthalpy +107 +148 +121 +249
First ionisation enthalpy +496 +738
Second ionisation enthalpy +1451
First electron affinity -349 -141
Second electron affinity +753
AH® / kJ mol-!
Tl & e Sodit.Jm Mc:gne.sium Soc!ium ngn.esium
chloride chloride oxide oxide
Lattice enthalpy -790 -2524 -2528 -3791
Enthalpy change of formation -415 -643 -461 -593
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