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1 Introduction

This document contains the supporting material for Paper 3 for the Journal club. Here, we explore the use of
viruses in the enhancement of microbatteries. Read through the paper, answer some of the questions and have
a great time learning about the various areas of biotechnology. There’s something in here for everybody!

Paper: Virus-Enabled Silicon Anode for Lithium-Ion Batteries
Authors: Xilin Chen, Konstantinos Gerasopoulos, Juchen Guo, Adam Brown, Chunsheng Wang, Reza Ghodssi
and James N. Culver

2 Supporting material

Figure 1: a plant with a serious tobacco mosaic virus infection.

The field of virology began with the humble tobacco mosaic virus (TMV). This was the first virus to be
discovered and is still being studied for it’s range of interesting properties. The study of viruses began in the
late 19th century with the efforts of the botanist Dmitri Ivanovsky, who had been tearing his hair out after
being assigned to investigate a disease that was wrecking Ukraine’s tobacco industry. Ivanovsky employed
Chamberland filters - highly effective bacterial filters - to try and purge the disease from infected sap, but even
these were rendered useless.

As it turned out, the infectious agent responsible was smaller than any bacterium: it was a completely new
system, existing primarily on the nanoscale. Fast forwarding to now, as a virus rampages around the globe
causing untold amounts of suffering and economic damage, it’s easy to see why viruses are still considered highly
mysterious from a scientific point of view.

It falls to the engineer to tame this natural phenomenon and use it to improve the human condition. The
possibilities, as I hope you’ll see later, are endless!
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Figure 2: TMV upclose. Note the long, cylindrical structure.

3 Questions

3.1 For future engineers

• What is the physical basis of the improvement of the capacity - essentially, what does the inclusion of
TMV actually do?

• Discrepancies in scale pose a number of challenges in nanoscale engineering. Compare the scale of TMV
virus to the disks: how many virus rods could be placed on the disk?

• Use Figure 3 (d) to estimate how many silicon atoms are used in coating the TMV rod.

• Some very sophisticated manufacturing techniques were employed in the fabrication of the test microbat-
tery. Can you tell me about one such technique?

3.2 For future biotechnologists

• Can you summarise the main reasons that TMV is so useful for improving battery capacity?

• The charge-discharge cycles in the experimental stage had an unusual effect on the silicon morphology.
What was this effect and how long did it take to manifest? Why do you think this may have occured?

• After reading this paper, I went out and obtained an infected tobacco plant, extracted the virus as it was
and simply deposited it onto an electrode. Unfortunately, I didn’t get an improved battery... but all I
ended up with were some dirty electrodes! Name a few reasons why my experiment failed.

3.3 For everybody

This is but one example of biotechnology in practice: the field is new and booming. Research the field and
share your favorite examples of weird and wonderful biotechnology solutions! Some areas of interest:

• DNA computing: a new method of computing based on DNA.

• Green biotechnology focuses on the application of bioengineering to agricultural processes - it has the
potential to eliminate world hunger.
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• “Yellow” biotechnology is focused around the food industry. Nature dictates the ingredients currently
used in most kitchens, but yellow biotechnology has the potential to change even this.

• Violet biotechnology studies the law, ethics and philosophy around biotechnology. Engineering ethics is a
fascinating part of applied science: it grapples with philosophical concepts rather than technological ones,
but is no less important!

• ...there are, in fact, many colours of biotechnology. Some, like red biotechnology, are based around the
health and wellbeing of humans. Some, like dark biotechnology, pose extremely serious threats to human
existence.
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