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The battery of the 
future?
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Looking for an 
atomic-level solution

Carol Tear looks at recently reported 
electron microscopy studies of cathode 
materials in lithium-ion batteries, which 
may help to improve battery technology

If we could store energy more effectively — with 
batteries that were orders of magnitude better than 
those we have today — then solar cells, wind turbines 

and electric cars could really make a difference to 
our lives. Scientists are researching how the atoms 
in materials inside a battery behave so that they can 
engineer better batteries for the future.

Understanding materials
The materials used as cathodes in lithium-ion batteries 
are oxides of transition metals that are rich in lithium 
and manganese (Figure 1). The extra lithium in the 
structure may be able to double the charge stored in a 
battery (its capacity). However, there are problems. For 
example, after the battery has been recharged a number 
of times it no longer reaches the original maximum 
voltage or capacity.

Studies indicate this may be due to a structural 
change at an atomic level, so we need a detailed 
understanding of the arrangement and spacing of 
the atoms in the crystal structure of the material. It is 
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also important to study the surface structure, which is 
affected by reactions with surrounding materials.

Researchers have just announced that they have 
solved the structure of these battery materials. Scientists 
were divided over different models for the structure, so 
this is a big step forward.

Figure 1 A lithium-ion battery



Weblinks to follow up
Aberration correction in electron microscopes 
is explained on the SuperSTEM website: 
www.tinyurl.com/o3jtfs3

This video explains how lithium-ion batteries 
work: www.tinyurl.com/o75up9l
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Electron microscopy
To observe the structure, researchers used atomic 
resolution electron microscopy. Most electron 
microscopes can only resolve individual atoms if 
they are spread out, because the resolution is limited 
to about 0.2 nm. This limit is due to imperfections in 
the magnetic ‘lenses’ — they cannot focus the electron 
beam into a perfect spot — and not due to the de 
Broglie wavelength of the electron.

A technique called aberration correction uses 
advanced lens correctors, controlled by computers, 
to focus the electron beam to a smaller cross-section. 
This gives a resolution of about 0.07 nm, which is less 
than the width of an atom. The research took place 
at SuperSTEM, which is the UK national facility for 
aberration-corrected scanning transmission electron 
microscopy (STEM) at Daresbury, and at the Molecular 
Foundry at Berkeley, USA.

The future?
Once the structure is understood, it may be possible 
for cathodes to be designed so that charging and 
recharging does not permanently change the structure.

Did you like 
this article?

Tell us what 
you think

Activities

1 A typical mobile phone battery has a capacity 
of 1500 mAh (milli Ampere hours) and a 
voltage of 3.8 V. Calculate its capacity in 
coulombs and the energy stored in the battery.

2 If the electron beam energy is 100 keV, 
calculate the de Broglie wavelength of the 
electrons. You should find that it is smaller 
than the diameter of a lithium atom —about 
0.3 nm — and smaller than the resolution of 
0.07 nm quoted above.
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Other scientists are working on alternatives to the 
lithium-ion battery. One is the lithium-oxygen battery 
being researched at Cambridge University. It uses a 
graphene electrode and has a high energy density. So far 
the demonstration version works only in pure oxygen 
because other gases in the air damage the electrode. At 
Stanford University they are working on an aluminium-
ion battery, which can be charged or discharged in only 
60 seconds. Sadly, we are unlikely to be using it in our 
phones, as it has a low energy density and so would be 
too large and heavy — but it could be useful for storing 
energy from wind turbines or solar cells.

An aluminium-ion battery could store energy 
from wind turbines
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