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• Research Scientist – Analytical Laboratory Manager

• Consultant – Research Manager



Talks



Local U3As speaker sharing 
COVID made quite a few of the ‘Thames Valley’ U3As turn to zoom – and we contacted 
each other and shared on-line speakers. We did the same for Café Sci

After COVID we gradually moved away from zoom, but people from local groups 
exchanged their speakers.

More recently Peter Carson from Abingdon (they were not members of the original 
COVID U3As) has taken to contacting wider afield.

Thus my presence here today – and the reciprocal talk that Paul is giving at Didcot.

I’ve already been doing exchange talks for five or so years – and this year’s contribution 
was on Rare Earths. I have lots of others.



Didcot Café Scientifique 

Tuesday 17th March 2026 
Andrew Kaye – Flying High with atmospheric science 

Tuesday 21st April 2026 
Janet High – Title tbc

Tuesday 19th May 2026 
Victoria Robinson – Dinosaurs

Tuesday 16th June 2026 
Jane Sellwood – Water: How we use it and abuse it



Tuesday 21st July 2026 – TBC

Summer break

Tuesday 15th September 2026 - TBC

Tuesday 20th October 2026 
Adrian Mancuso – Director of Physical Science at Diamond Light Source

Auditorium

Tuesday 17th November 2026 
John Broadbent – Honey Bees



Didcot U3A talks – 2026
11am – First Tuesday of the month - King Alfred’s Hall

All welcome – usually £1 per head for hall rental – and if you like this then….. 

3rd - March – Julian – Google AI

7th April – Paul Le Blond – South Bucks – Frank Whittle and the Jet Engine 

5th May – Richard Bull – Sunset – Sunrise – the Equation of Time

2nd June - Janet High – NHS screening – should more cancers be 
included?



I do of course need to offer you some of 
my terrible jokes and puns as a warm-up















Tonight, we remember Konrad Adenauer who invented 
and gave his name to British Summer Time.





The Atomic Structure of the Rare Earth Elements 

Originally produced because my group asked me why they were…

Special !



The Summer Students
For many years I was the company(s) organiser for summer students.

‘We’ can’t recruit people with any experience! 

Comment – just how many private health companies have paid to 
educate their staff – or have they pilfered them from the NHS?



The Summer Students

I used to try and find interesting research for these students – but as a 
fall back I always set them a research project they could work on.

I suppose for something like 20 years one of these projects was rare 
earth metals.

In fact, I often had more than one student per year – so most years 
one of them did rare earths.

Many of these kids were really bright (some so I bright I would not 
recruit them) so I gained some good insight into the issues



The Science

Over the years the individual elements were identified

An element can be essentially defined as an atom with a nucleus 
that contain a specific number of protons – and thus the same 
number of atomic electrons

Hydrogen 1, Helium 2, Iron 26 etc

These were eventually put in some sort of order by Mendeleev with 
‘the periodic table’.





Turn of century – electrons and nuclei



It actually took Rutherford some time to come to terms with his 
experiment that showed there was a nucleus in an atom.
The experiment led to the rise of quantum mechanics and the 
‘strong force’. 
Although it wasn’t 1964 that Gell-Mann eventually came up with 
an explanation of the strong force







And we really need the neutron as well



Atomic and nuclear properties common elements

Atomic electronic bonding

Sodium – 11p, 12n + Chlorine – 17p, 18n = common salt

Nuclear strong force structure

Same number of protons and neutrons but a new nucleus

Nickel – 28p, 30n

Note - As the elements become heavier, they have more neutrons than protons 



And so - at last to the periodic table and the rare earths
Groups and Periods





K, L, M

s, p, d, e, f 

Quantum mechanics 2n2



So, what exactly is going on?



K, L, M

s, p, d, e, f 

Quantum mechanics 2n2



Example (simple – they get worse!)

Neon (Ne) includes:

Atomic Structure: Neon has 10 protons, 10 neutrons, 
and 10 electrons arranged in two shells. 

Electron Configuration: The electron configuration is 1s² 
2s² 2p⁶, indicating a complete outer shell, which 
contributes to its chemical inertness. 





Rare Earth elements – Lanthanides plus Sc and Y 
Lately college parties never produce sexy European girls that drink heavily 

even though you look





Rare Earths have different properties

This has been the topic of extensive study and 
includes some complex explanations.

Spin orbit coupling – angular momentum – total 
momentum – quantum state.

Largely dictated by the effect of the increasing 
number of electrons in the 4f shell.



Curie Temperature



Magnetic Properties
• Includes neodymium (Nd), dysprosium (Dy), and samarium (Sm)
• These rare earth elements are particularly valued for their magnetic properties. 

Magnetic fields are generated by unpaired electrons aligned so they spin in the 
same direction. The orbital electron structure of these elements contains many 
unpaired electrons, which means these rare earth materials can store large 
amounts of magnetic energy. A neodymium magnet can store about 18 times 
more magnetic energy than an iron magnet of the same volume. Rare earth 
magnets are widely used today in many applications, including wind turbines, 
electric motors, guidance systems on aircraft and missiles, speakers for 
personal electronics, and computer hard drives.

• Unfortunately, in their pure form these rare earth elements lose their magnetism 
before they reach room temperature. To ensure that these rare earth metals 
retain their magnetism, they are combined with a transition metal, such as iron 
or cobalt. The resulting metal alloys display great magnetic strength and retain 
their magnetism at higher temperatures. Examples of these alloys 
are neodymium-iron-boron magnets (Nd2Fe14B) and samarium-cobalt (SmCo5) 
magnets. Neodymium alloys are quite brittle, however, and need to be coated 
with other metals to produce magnets that do not break apart under ordinary 
use. The need to remove these coatings increases the cost of recycling rare 
earth magnets.



Separation

We have separated materials with similar properties in the past

U235 and U238 – need to enhance concentration of U235 relative to 
U238

Use mass sensitive techniques – diffusion and centrifuges

These are very difficult processes and will not work for the rare 
earths as there is not sufficient mass difference – it also requires vast 
separation plants.

So, we have to reply on some iterative chemistry



Solubility

If we have two immiscible liquids with a difference in solubility for 
rare earths they can be separated by repeated dissolving and 
splitting.

It is a terribly inefficient process – it takes ages - uses lots of 
nasty solvents – and energy - and is an environmental nightmare.

That was why the US stopped mining their rare earths

The Chinese don’t care – in their own country and without – but 
are the true experts in this refining process





Final slide – topics for debate

Rare Earths – named for strange properties rather than for being rare.

Found from mid 18th Century – initially near town of Ytterby in Sweden.

Main research conducted after the US set up a programme in 1967.

Abundance – Environment – Political control – Future use - etc



Debate
I’m sure we all know that Rare Earths are in the news – Demented Donald 
and more sensible people.

However, consider this point.

There are approx. 8B people and the world can only realistically survive with 
approx. 2B

Most of our problems are about the need to resource what people want – 
destroying the Amazonian rain forest – AI requirements etc.

I do not know the answers – I just stick to the technical bits.



Tea break
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