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Is Life Quantum Mechanical? 
 

Sam Enright and Adam Kelly, Skerries Community College 

In February 1943, the physicist Erwin Schrödinger gave a series of lectures in Trinity 
College Dublin entitled “What is Life?”. In these lectures, Schrödinger contemplated 
the effect that the theory of quantum mechanics might have on biology. 
 

Quantum mechanics had been very successful in describing physics on very tiny 
scales. The quantum theory describes the fundamental interactions of particles, 
atoms and molecules. Because of this, it is integral to the proper understanding of 
the chemistry of organisms. Quantum mechanics also describes bizarre effects such 
as superposition, spin states and entanglement. These effects are usually only 
measurable on tiny scales of distance, time and temperature. Therefore, it was 
believed that quantum mechanics wouldn’t play any non-trivial role on the 
macroscopic scales of organisms.  
 

However, a series of ground-breaking studies over the last few decades has shaken 
this conventional wisdom by demonstrating quantum effects in organisms. This has 
led to the birth of quantum biology. 
 

One of the foremost examples of quantum biology may come from a place you 
might not expect – bird migration. Since the 1970s, it’s been known that birds such 
as sparrows, pigeons, and robins are capable of detecting minute differences in the 
earth’s magnetic field in order to find their way south during the winter. But the 
problem is: the earth’s magnetic field is a billion times weaker than the required 
amount of energy to be to break or make a single chemical bond in the bird’s brain. 
 

So how do they do it? The answer may lie in the idea of quantum entanglement. 
The idea goes like this: certain molecules in the bird’s retina will routinely split 
apart into what are called “free radicals” – uncharged molecules with unpaired 
electrons that have a certain spin state.  
 

This idea of “spin” is misleadingly named based on a vague analogy from classical 
physics, though what’s important is that it’s a quantum property that can be 
entangled between two particles. This means that the state of the spin of the 
unpaired electron from one of the free radicals is correlated with the unpaired 
electron from the other free radical. The spin of an electron can be either “up” or 
“down”. and there are two ways in which they can be correlated: they can be the 
opposite, or they can be the same. So sometimes, if the spin of one electron is up, 
then the other is down, and sometimes, if the spin of one electron is up, then the 
other is up. The mechanism works because the spins of the electrons will be 
correlated in one way more often than the other depending on where they are in 
the earth’s magnetic field. The bird uses this information to triangulate its location 
on the globe and understand where it needs to fly to stay warm for the winter.  

What is Life? Do We Have a Quantum Nose? 

The Avian Magnetic Compass 

Quantum Enzymes 

Future Research Areas 

Another quantum effect – known as quantum 
tunnelling – may play a role in the natural world. 
Tunnelling involves the spontaneous 
disappearance and reappearance of a particle at 
another point of its “wave”. These waves are 
what describes the probability of observing a 
particle at any one point, and they seemingly 
allow for particles to “walk through walls” on a 
sub-atomic scale. Smaller particles or atoms – 
such as electrons or hydrogen – have larger waves 
and thus tunnel more readily than larger ones.  
 

Transferring and moving around atoms of 
hydrogen is an important part of many 
biochemical processes in the body, including the 
actions of enzymes. In these enzymes, a certain 
energy barrier must be surpassed in order to get 
these hydrogen atoms to move from one part of a 
molecule to another. However, if the hydrogen 
atom spontaneously disappears and reappears, 
there’s no need for this energy, dramatically 
improving the efficiency of the enzyme.  There is 
a growing amount of evidence that many – 
perhaps even most – of these hydrogen-
transferring enzymes are assisted by tunnelling.  

The sense of smell has been yet another area of research at the heart of 
quantum biology. The traditional theory of smell states that there are 
certain membranes in our noses studded with specific proteins that 
recognise different odorant molecules. These odorant molecules are 
shaped to fit into these proteins like a key – this is known as the “lock 
and key” mechanism.  
 

But there are a few problems with this idea; for one, humans are able to 
recognise far more scents than we have receptors for these molecules. 
Also, certain molecules that have nearly identical shape and structure 
can produce entirely different scents, and vice versa. The recent theory 
of “quantum smell” states that these molecules vibrate at a certain 
frequency. The higher this frequency, the more electrons will tunnel 
from the odorant molecules to electron receptors in the nose. That way, 
the nose would be able to distinguish not just based on the shapes of 
molecules, but on their vibrations. 
 

In 2011, a team of researchers were able to replace normal hydrogen in 
odorant molecules with its heavier cousin, deuterium. This kept the 
shape of the molecules intact but altered their vibrational frequency. 
The researchers were then able to teach fruit flies how to distinguish 
between scents caused by normal molecules, and those caused by 
chemically identical but heavier deuterium molecules. 
 
The way to experimentally verify this idea is very similar to what we saw in 
testing the effects of tunnelling on the actions of enzymes. A normal 
hydrogen atom can be replaced with a deuterium isotope, preserving the 
shape of the molecule but slowing the vibration of the scent. As before, 
there is some evidence that these differences can be perceived. In a study 
In 2011, a team of Greek researchers collaborating with Luca Turin found , 
fruit flies were able to distinguish between molecules with identical 
structure but different vibrations, and could even be trained to avoid scents 
generated by molecules containing deuterium. More recently, evidence has 
been shown for the same to be true of bees. As yet, there is no rigorous 
evidence that humans can discriminate between these vibrations, but it 
remains open as a contemporary research direction. 
 

Like all emerging fields of scientific study, quantum biology should be 
met with a healthy degree of scepticism from the scientific community. 
As yet, the field’s most prominent ideas range from established, to 
controversial, to highly speculative.  
 

There are many research directions in the area that may prove to be of 
great practical use. Research into how photosynthesis – a nearly 100% 
efficient energy transfer - uses quantum tunnelling to find the quickest 
route to the reaction centre of chlorophyll may yield tremendous 
advances in solar energy. Understanding how anaesthetic molecules 
work – which has long been a mystery to medical researchers – in terms 
of entanglement is also a promising research direction 
 

Regardless of their practical applications, scientists will continue to 
probe the complexities of nature on the fringes of the disciplines of 
physics, biochemistry, and biology. Life, as always, will continue to prove 
more ingenious than we could have possibly imagined. 
 

Another enzyme, called collagenase, is hugely 
important as it breaks down the protein collagen 
in skin. However, we simply cannot understand 
how it can be so efficient in terms of classical 
biochemistry. It’s likely that quantum tunnelling is 
the reason why collagenase is efficient enough to 
break down and reform flesh after an injury, or – 
in the case of tadpoles – during metamorphosis.  

Examples include:  

• Lactate 
Dehydrogenase  

• Cytochrome C 
Oxidase 

• Alcohol 
Dehydrogenase 

 


