
The efficiency of solar cells needs to be 
improved. Isaac Bruce discusses how 
a protein from Popeye’s favourite snack 
could do the trick

There are major environmental problems 
associated with traditional sources of electrical 
energy, which rely on dwindling supplies of fossil 

fuels. This has led to a huge amount of research into 
new energy sources. Solar cells, harnessing the Sun’s 
energy, look like a possible alternative and have been 
used to power some homes and electronic devices 
worldwide. The major drawback is their efficiency.

So how do you solve this problem? Researchers 
from Vanderbilt University in Nashville, Tennessee 
have just published their findings on how to overcome 
this using spinach.

Spinach power
Spinach, like all green plants, uses light energy 
from the Sun in order to grow and thrive through 
photosynthesis. This process harnesses light energy to 
combine carbon dioxide and water to produce simple 
sugars and oxygen. One of the proteins that carries out 
photosynthesis is called Photosystem 1 (PS1). Over 
four decades ago this was found to be able to proceed 
with photosynthesis even when removed from the 
plant.

Whereas man-made devices are approximately 
40% efficient in converting the Sun’s energy into 
electrical energy, PS1 has an efficiency of almost 
100%. Microelectronic devices currently use indium or 
other metals that are expensive, increasing the price of 
the final product, but PS1 is from a cheap and reliable 
source, one that is not going to run out.

Great, problem solved. But the protein cannot create 
as much power per unit area as those man-made devices. 
Another issue is that when PS1 is in the leaf it absorbs 
energy from photons, which, in turn, release electrons 
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from the protein and move them all to one side. The 
movement of these negatively charged particles creates 
a positive region in the protein called a hole. Take the 
protein out of its natural environment and this is not 
the case. All the proteins are not aligned, therefore 
electrons do not move uniformly in one direction 
and creating electrical energy is near impossible and 
certainly not efficient. Suddenly, PS1 does not look like 
the solution at all. However, silicon can help make PS1 
effective.

Silicon saves the day
The random orientation of the proteins was a problem 
when metals were used to help create solar cells. Those 
PS1 molecules lying in one direction provide the metal 
with electrons, while those orientated the other way 
round remove electrons from the metal. Simply, with 
this random arrangement of protein molecules there is 
no flow of electricity.

Silicon is in group 14 of the periodic table, and 
is used in the manufacture of semiconductors. Pure 
silicon would suffer from the same issues as those 
found with the metals used previously, but doping 
silicon resolves all the problems.

Doping
Doping introduces impurities into the material. 
By doping silicon with a group 15 element such as 
phosphorus (which has an extra valence electron 
compared to silicon), the extra electrons from the 
phosphorus atoms become free, so creating a negative 
charge. Alternatively, using a group 13 element (e.g. 
boron), which has one fewer electron in its outer shell 
compared to silicon, creates holes like those described 
in PS1 above.

Doping with group 15 elements is known as n-type 
doping and doping with group 13 elements is called 
p-type doping. Both were tested, but the p-doped 
silicon was the most efficient. It aligns the proteins 
and also means that electrons cannot be accepted from 
the silicon, thus creating a current flowing in only one 
direction.

Further reading
Read more about the Vanderbilt group’s work here: 
www.vanderbilt.edu/chemistry/faculty/cliffel.php

News about the Vanderbilt group’s spinach research: 
www.tinyurl.com/9x9a4pw

Semiconductors

‘Molybdenite Valley? The search for new 
semiconductors’, Chemistry review, Vol. 22, No. 2, 
pp. 31–33.

‘Silicon-based life!’, Chemistry review, Vol. 12, No. 2, 
pp. 2–6.

Solar cells

‘Fruity electricity: Grätzel solar cells’, Chemistry review, 
Vol. 16, No. 3, pp. 23–25.

Three years ago, biohybrid cells produced 
approximately 4 nA cm–2 (nanoamps per square 
centimetre). Now the Vanderbilt group has reported 
850 μA cm–2: that is over 200,000 times more current. 
The researchers say that the protein alignment is not 
perfect and future studies are needed to improve this, 
but it is much better than they have ever managed 
before. The future of renewable energy looks bright — 
and as green as spinach.

A biohybrid solar cell developed by Vanderbilt 
researchers
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