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THE PHYSICAL REALITY OF ODORS

Unlike our senses of sight and hearing, which
capture information indirectly via electromagnetic
waves or sound waves carried to us from an object,
both taste and smell receive information directly
from contact with the object detected (a molecule),
bringing messages “from a material reality.” Both
appear to work through rather similar principles.
The molecules they detect are either dissolved in
saliva or float through the air and are then picked
up by receptors either on the tongue (taste) or in
the olfactory epithelium in the roof of our nasal
cavity (smell).



• Different living things adapt peculiar method in detecting and distinguishing odors.
Mammals and insects, in general, can use the intensity, whether it is offensive or fragrant to
remark an odor and able to identify it next time. Humans find it difficult to effectively
identify odor with little or no recognizable intensity, fragrance or offensiveness.



• Fish have a good sense of smell that helps them to locate their
home even when ocean current drift them away from their
home.

• Shark, in the same way, has the ability to detect the smell of a
drop of blood as far as a kilometer away.

• Unlike human nostrils that are used mainly for breathing,
sharks’ nostrils are located on the underside of the snout and
used mainly for smelling. As they swim in the ocean, water
flows through their nostrils and down to the sensory cells. They
have high sensitive sensory cells. The side of the nostrils the
smell hits first tells the shark where the smell is coming from,
with this, they hunt for the wounded prey

• To detect where the smell is emerging from or even notice the smell is also difficult.
Some animals like dogs, anemonefish, reef fish and sharks have good ability to
detect the smallest strength of odor beyond human’s capability



• In 2007, Gabriele Gerlach designed an experiment to
verify the theory behind larval reef fish identifying
their home. She called her experimental setup a ‘two
channel olfactory choice flumes test’.

• She collected two flumes of seawater; one from reef
they were hatched and the other from a far away reef.
She then placed the larval reef fish downstream of the
two flumes. She observed the preference of the larval
reef fish between the two flumes of seawater. It came
out to be that the larval reef fish preferred the
seawater which they were hatched. The ability of the
larval reef fish to distinguish between the two
seawater was ascribed to their smelling ability.

G. Gerlach, J. Atema, M. J. Kingsford, K. P. Black, and V. Miller-Sims,

Proceedings of the national academy of sciences 104, 858 (2007)



• Daniella Dixson confirmed that an anemone fish was able to distinguish between the
collected water from their habitat reef and the water collected from an offshore.

• Michael Arvedlund designed a similar experiment to Gabriele Gerlach’s, to
understand the ability of anemone fish in identifying their species. It was confirmed
that anemone fish was able to distinguish their host species from others uncolonized
by them. These experiments, together with earlier experiments and theories
confirmed that fish follow a scent trail in identifying their home and species

D. L. Dixson, G. P. Jones, P. L. Munday, S. Planes,

M. S. Pratchett, M. Srinivasan, C. Syms, and S. R.

Thorrold, Proceedings of the Royal Society of

London B: Biological Sciences 275, 2831 (2008).

M. Arvedlund and K. Kavanagh, in Ecological

connectivity among tropical coastal ecosystems

(Springer, 2009) pp. 135–184.

M. Arvedlund, Journal of the Marine Biological

Association of the United Kingdom 89, 863

(2009).



Atmospheric molecules undergo vibrational interaction, turbulence
and migration from one point to the other just like molecules in water.
Molecules in air dilute and disperse faster than the molecules in water
. Terrestrial creatures possess their own feature of olfaction such as

• Rabbits have 100 million scent cells which help them in identifying
other rabbits and animals. This sense of smell is inherent from birth,
guiding the bunnies to find their mothers’ teat even when their eyes
are closed.

• Bears have been identified to possess the best sense of smell. It can
smell 7 times better than the bloodhound, and 2,100 times better than
humans. This helps them to identify food as far as 20 miles away. In
addition to finding food, they can detect mates, avoid danger coming
from competing fellow bears and track the whereabouts of their cubs
when lost while journeying.

• Elephants, in the same way, can smell water, especially the
underground water 12 miles away and still remember where they
found it for future use. •

• Dogs, especially the bloodhound can identify and track an
individual by following the smell of the butyric. Butyric acid is
different for every animal and human, even for identical twins.



These evidences indicates that the nostrils have

the capability of identifying and distinguishing

several millions of odors.



• The nose itself plays no direct role in smelling, other than
channeling air toward the olfactory epithelium, which is at
the back of the nose. This tissue is quite small, measuring
only 3 square centimeters (about the size of a postage
stamp) in humans, but it is lined with both mucus
secreting glands and millions of olfactory neurons. These
are a type of nerve cell that are to the sense of smell . The
front end of the olfactory neuron is shaped a bit like a
broom, with a many-pronged head where the cell
membrane is folded into lots of hair-like cilia. This broom
with its brush of cilia pokes out of the cell layer where it
can capture passing odor molecules. The back end of the
cell is like the broom’s handle, forming the cell’s axon or
nerve that extends through a small bone at the back of the
nasal cavity to enter the brain, where it connects with a
region called the olfactory bulb.

ANATOMY OF THE HUMAN NOSTRILS



• The odorants are then identified inside the
nasal cavity as they hit the olfactory
epithelium which is situated on the roof of our
nasal cavity. A scent signal is then sent to the
brain through the olfactory nerve and
olfactory bulb and an interpretation is made.
The olfactory epithelium harbors millions of
olfactory receptors which bind up with a
particular odorant. This helps in identifying
several varieties of odors.



• Odorants were considered to have a
specific shape that binds to the olfactory
receptors. The receptors are activated by
different molecules of the odor. There are
always variations in the strength of
binding of molecules to its receptor,
which can affect the ability of the brain to
fully interpret a smell. Our ability to
detect various smells lies in the
complexity of the interaction between the
receptors and the odorants. This, in the
actual sense, shows that the final smell we
perceive is an integration of various
odorants interacting with various
receptors and generating encoded
information .



In human olfactory, there are about 390 types of

functional receptors which somehow `tuned' in response

to the different molecular stimuli given by the odorants in

order to accommodate potentially thousands of odorants.

This is assumed to occur in a combinatorial process,

where all the different receptors have a `code' that

determines the characteristics of a smell. One odorant

activates more than one receptor which the combination

of their responses give the smell of the odorant An

odorant existing as a mixture of many odorants actives

very many receptors.

The red circles represent `combinatorial code'. Large circles

represent large responses and small circles, small responses. The

addition of specific individual `codes' leads to the odorant

detection.



The process that we are most interested in is the

functionality of capturing of the odorant by the

olfactory neuron.

Does this process involve quantum phenomena?



THEORIES OF OLFACTION

• An intriguing question one would ask is; How does each
receptor recognize its own set of odorant and binds with
them?“

Lock and key (docking)

In 1963 John Amoore first proposed that the response to
scent works by the mechanism of a `lock and key'. The
lock and key model explains that the shapes of receptor
molecules and the odorants are in complementarity with
each other, implying that the odorants fit into an olfactory
receptor which has its shape; just like a key fits into its
padlock. This idea was generated from the molecular
mechanism of the behavior of enzyme. J. E. Amoore, Nature 199, 912 (1963).

John E. Amoore (1930-1998) was a

British biochemist who first

proposed the stereochemical theory

for olfaction



The shape theory of olfaction, it proposes that attractive

and repulsive interactions between molecules come into

play when an odorant interacts with its receptor in the

nose – ultimately triggering perception of the smell.

These molecular interactions reflect the chemical features

of whatever you’re sniffing: molecular size, shape, and

functional groups – combinations of atoms such as

hydroxyl (OH) or carbonyl (C=O) that possess special

chemical reactivity.



Since odorants come in different shapes, a

reasonable assumption is made that molecules

having the same shape should smell alike, and

odorants having different shapes should have

obvious distinct smells. The study of the

structures of different molecules has shown

that this assumption does not work.

Notwithstanding this powerful explanation of

binding of odor structurally, it has been shown

that there exist molecules with different

shapes yet smell alike, and compounds with

similar structures yet smell differently

The structure of benzaldehyde and hydrogen cyanide. 

They both have the same smell (bitter almond) but have 

different structure

They have almost identical shapes and very different

smells. Ferrocene and nickelocene have a spicy and

oily/chemical smell respectively.



Odorants (a) to (d) have different structures, but

the same odor (musk), while odorants (e) and

(f) have the same structure but different odors.



Vibrational theory

• In 1938, Malcolm Dyson proposed that the nose detects the vibrational frequency of an
odorant rather than its shape . This revolutionized the olfactory science from the traditionally
accepted `key and lock' to the vibrational theory of the molecule. Dyson observed that
chemicals that have the same smell are usually made up of compounds having the same
chemical groups (eg.,C=O). These chemical groups dene to large extent the properties these
molecules possess; smell being part of the properties.

G. Malcolm Dyson, Journal of Chemical Technology and 

Biotechnology 57, 647 (1938).



• Coming off the contemporaneous development of Raman spectroscopy, Dyson
believed that probing molecular vibrations of a molecule would elucidate
correlations between these vibrations and the osmic properties of the odorant



• The proposition was that the thermalized vibrations inherent to a
molecule at a given (physiological) temperature would activate
the receptor protein. Within his works he made it clear that the
considerations of the vibrational components were independent of
other properties necessary for odorant detections, such as the
molecular volatility. Dyson continued to suggest that vibrational
modes within the range of 1,400–3,500 cm−1 were responsible
for the activation of olfactory receptor sites. Due to the
contemporaneous nature of the application of Maxwell-
Boltzmann statistics within his work, the ability of vibrational
modes to be thermally excited at physiological temperatures was
not addressed; a consideration later taken up by proponents of
vibrational theories.



Applying Dyson's theory to the explanation of olfaction was a difficult one. One is the
methodology by which our nose acts like spectroscopy to collect the smell in form of a
scattered light. Another is the involvement of light in the process. The theory became futile
when it was observed that chiral molecules having the same chemical structure and identical
Raman spectra could be easily distinguished by our nose. This shows that molecule can have
different smell even when they have the same chemical structure and identical Raman spectra.

Both limonene and its mirror-image dipentene have

different smell while they are observed to have the same

spectrum.



“Weak shape” or odotope model

• In 1994 by Kensaku Mori and Gordon Shepherd argued that there must be
molecular shape recognition somewhat in odor detection. This proposes that the
binding of the molecule to the olfactory receptor is based on the shape of the
substructure (ie., the component chemical group) rather than the entire shape of the
molecule. This theory fails for molecules with the same component of a chemical
group but arranged in a different pattern.

K. Mori and G. M. Shepherd, in Seminars in cell biology, Vol. 5 

(Elsevier, 1994) pp. 65{74.

Vanillin and isovanillin have the same chemical parts

but can have different odors.



• Thus, neither odotope nor vibration theory can explain how pairs of chemicals can have
different odors despite possessing the same chemical groups arranged differently on the
same molecular scaffold. The odotope theory would predict that the identical chemical
groups should smell the same. Yet vanilla smells, well, like vanilla, but isovanillin has a
nasty phenolic (sweet medicinal) scent. Molecules with the same chemical basic parts—such
as vanillin and isovanillin, can, nevertheless, have very different smells.



To deal with these problems, shape theorists

generally propose a combination of odotope

theory and some sort of overall chiral shape

recognition mechanism. Nevertheless, this still

cannot explain the equally common situation of

mirror-image molecules actually having the

same smell. It suggests that they are being

recognized by the same receptor, which is the

molecular equivalent of having the kind of hand

that would fit both a left-handed and a right-

handed glove. It just doesn’t seem to make

complete sense.

For example, (4S,4aS,8aR)-(K)-geosmin and its

mirror-image molecule (4R,4aR,8aS)(C)-geosmin,

which both smell “earthy, musty.



Smelling with a quantum nose



Turin's theory of inelastic electron
tunneling spectroscopy (IETS)

• Based on Dyson theory of vibrational theory, Turin
proposed that the principle which the olfactory
receptors use to detect vibrations of chemical bonds
could be related to the concept of quantum tunneling
of electrons. Like Dyson before him, Turin was
convinced that the correlations between vibrational
spectra and scent couldn’t be mere coincidence. He
was persuaded by Dyson’s argument that the olfactory
receptors must somehow be detecting molecular
vibrations. But, unlike Dyson, Turin proposed a
speculative, yet plausible, molecular mechanism by
which biomolecules could detect the vibrations of
chemical bonds via quantum tunneling of electrons.



• In IETS, two metal plates are placed very close to each other, separated by a tiny gap. If a
voltage is applied between the plates, electrons will gather on one plate, making it negatively
charged (the donor), and will experience an attractive force from the other, positively
charged, plate (the acceptor). Considered classically, the electrons lack the energy to jump
across the insulating gap between the plates; but electrons are quantum objects and, if the gap
is small enough, they can quantum tunnel across from donor to acceptor. This process is
called elastic tunneling because the electrons do not gain or lose energy in the process.



• However, there is a crucial additional condition: an
electron can tunnel elastically from its donor site across
to the acceptor site only if there is an empty slot available
for it at the exact same energy. If the nearest available
gap in the acceptor is at lower energy, then the electron
must lose some of its energy to make the jump. This
process is called inelastic tunneling. But the dumped
energy needs to go somewhere, otherwise the electron
can’t tunnel. If a chemical is placed in the gap between
the plates, then an electron can tunnel across so long as it
is able to donate its excess energy to the chemical which
it can do so long as the molecules in the gap have bonds
capable of vibrating at just the right frequency,
corresponding to that of the dumped energy.



Having passed on their excess energy in this way, these “inelastically”

tunneling electrons arrive on the acceptor plate with slightly lower energy; so

by analyzing the energy differences between electrons leaving the donor site

and arriving at the acceptor site, inelastic electron tunneling spectroscopy

probes the nature of a chemical’s molecular bonds.



Turin proposed that olfactory system works

with the same principle, with the olfactory

receptor serving as the IETS plates, and the

electron that is at the acceptor site results in the

production of the G-protein molecular torpedo,

which triggers the olfactory neuron to send a

signal to the brain for interpretation.



Turin managed to amass a lot of circumstantial evidence for his quantum vibrational theory.

For example, as already mentioned, sulphur–hydrogen compounds usually have a strong

rotten-egg smell, and they all possess a sulphur–hydrogen molecular bond that vibrates at

around 76 terahertz (76 trillion oscillations per second). His theory makes a strong prediction:

any other compound associated with a bond vibrational frequency of 76 terahertz should also

have a rotten-egg smell, irrespective of its shape. Unfortunately, very few other compounds

have that same vibration band in their spectra. Turin searched through the spectroscopy

literature for a molecule with the same vibration. Finally, he discovered that the terminal

boron–hydrogen bonds in chemicals called boranes have vibrations centered at 78 terahertz,

which is quite close to the 76 terahertz S–H vibration.



But what did boranes smell like? That information wasn’t

available in the spectroscopy literature, and the chemicals

were so exotic that he couldn’t get hold of any to have a

sniff. But he found an old paper that described them as

smelling repulsive, which is a term often used to describe

a sulphurous smell. In fact, it turns out that boranes are

the only known non-sulphur molecules that have the same

rotten-egg stink as hydrogen sulphide: for example

decaborane, which is made up of only boron and

hydrogen atoms (chemical formula B10H14).



OLFACTORY RECEPTOR STRUCTURE

• The structure of an olfactory receptor will
necessarily be strongly connected to the
mechanism it employs to establish odourant
chemical identity. Vertebrate olfactory receptors are
g-protein coupled receptors, or GPCRs and
olfactory receptors constitute the largest subclass
within GPCRs. However, we do not have good
atomic level structural information for olfactory
GPCRs, though Xray structures have been found
for other GPCRs, such as bovine rhodopsin.
However, the sequence of amino acids is known
for many receptor proteins, and general structural
features, and the general manner in which they
operate, are well established.



• First, the itinerant electron’s initial state (donor), and final state

(acceptor) must exist. These are termed D and A respectively .

Note that there is an important assumption here, namely that the

electrons move by a hopping mechanism so that they have

significant residence times in localized states. Because electrons

in proteins are at body temperature, and proteins are flexible

molecules, we expect large coupling between the electrons and

the atomic vibrations, and hence hopping transport to be the

relevant mechanism.



• It seems safe to assume that the donor and
acceptor must be part of the protein, and
therefore must be amino acid side chains. What is
required therefore is an electron donor with the
highest possible HOMO energy, and an acceptor
with a LUMO below that energy. Tryptophan has
the highest HOMO of all amino acids, and a
highly conserved tryptophan is present in all
GPCR binding pockets .On the face of it, the
requirement for a LUMO below the tryptophan
HOMO appears impossible, since all amino acid
side chain HOMOs lie several eV below the
LUMOs. There is, however, a way to shift a
LUMO downwards by several electron volts: a
metal ion bound to the protein



Zinc has been proposed as a candidate, is

known to be involved in olfaction (including in

dogs) and only exists in the +2 oxidation state,

which may ensure that it passes the electron

along.



For decays perfumers have been trying

to unlock the molecular key to scent.

Turin had contrived to do what none of

their chemists had managed: predict a

scent from theory alone. It was the

chemical equivalent of predicting the

scent of a perfume from the shape of its

bottle. Turin’s theory also provided a

biologically plausible quantum

mechanism that would allow a

biomolecule to detect a molecular

vibration.



But a “plausible mechanism” is not enough. 



kinetic isotope effect

The vibration theory had scored some

encouraging successes, as with decaborane, but

it still suffered from similar problems to the

shape theory, such as the mirror-image

molecules (e.g. limonene and dipentene) having

very different scents, but identical vibrational

spectra. Turin decided to test another prediction

of his theory.

Battle of the noses



Turin tried a similar trick with an odorant called

acetophenone, described as having a “pungent sweet

odor . . . resembling that of hawthorn or a harsh orange

blossom.” He purchased a very expensive batch of the

chemical in which each of the eight hydrogen atoms in its

carbon–hydrogen bonds had been replaced with

deuterium. The heavier atoms, like heavier guitar strings,

will vibrate at lower frequencies: a normal carbon–

hydrogen bond vibrates with a high note frequency of

between 85 and 93 terahertz, but if deuterium is

substituted for the hydrogen then the vibration frequency

of the carbon–deuterium bond drops down to about 66

terahertz. The “deuterated” chemical therefore has a very

different vibrational spectrum from the hydrogen one.

But does it smell any different? 



He was convinced that they “smelled different,

the deuterated one less sweet, more solvent

like.” Even after carefully purifying each

compound he was convinced that the hydrogen

and the deuterated forms smelled very different.

Turin, The Secret of Scent, p. 176.



But many were still far from convinced,

particularly the shape theory enthusiasts.

Leslie Vosshall and Andreas Keller from the

Rockefeller University repeated the sniff tests

with normal and deuterated acetophenone but,

rather than relying on Turin’s highly tuned

nose, they asked twenty-four naïve subjects

whether they could distinguish between the

compounds. The results were unequivocal: no

difference in smell. Their paper, published in

Nature Neuroscience in 2004, was

accompanied by an editorial in which the

vibration theory of scent was described as

having “no credence in scientific circles.”

A. Keller and L. B. Vosshall, “A

psychophysical test of the vibration theory

of olfaction,” Nature Neuroscience, vol. 7:

4 (2004), pp. 337–8.



“T maze” experiment

Efthimios Skoulakis of the Alexander Fleming

Institute in Greece and including researchers from

MIT and Luca Turin, decided to switch to a much

better-behaved species: laboratory-bred fruit flies.

“T maze” experiment. The flies were introduced

into a T-shaped maze through the stem and

encouraged to fly to the junction where they would

have to make a choice whether to go left or right.

Scented air was pumped into each arm, so by

counting the number of flies that went in each

direction the researchers could work out whether

the flies could distinguish between the odorants

loaded respectively into the left and right airflows.



The group first investigated whether the flies

could smell acetophenone. Indeed they could:

just a dab of the chemical in the end of the right-

hand arm of the maze was sufficient to persuade

nearly all the flies to fly toward its fruity odor.

The group then substituted deuterium for the

hydrogen atoms in the acetophenone; but, in a

new twist, they replaced either three, five or all

eight hydrogen atoms with deuterium and tested

each version of the chemical separately, with the

undeuterated compound always in the other arm

of the maze.

Their results were remarkable. 



With only three deuterium atoms, the flies lost

their preference for turning right at the junction

and randomly went left or right. But when the

researchers loaded the right arm with the five- or

eight-atom-substituted chemical the flies

resolutely turned left, away from the deuterated

odorant.

It seemed they could smell the difference

between the normal and the heavily deuterated

form of acetophenone, and now they didn’t like

what they smelled.



The researchers also tested a mutant strain of fly

that lacks functional olfactory receptors. As

expected, these mutants were completely unable

to distinguish between the hydrogen and

deuterated odorants. brates at the same

frequency, despite being chemically very

different. The several studies of Turin and his

collaborators provided strong support for a

vibration component of olfaction, at least in

flies, and was published in the prestigious

science journal Proceedings of the National

Academy of Science in 2011.

M. I. Franco, L. Turin, A. Mershin and E. M.

Skoulakis, “Molecular vibration-sensing component

in Drosophila melanogaster olfaction,” Proceedings

of the National Academy of Sciences, vol. 108: 9

(2011), pp. 3797–802.



Skoulakis and Turin teamed up with University College

London researchers to return to the delicate question of

whether humans can also smell by vibrations.

All of their eleven subjects could easily

distinguish between normal and fully deuterated

musk. Maybe humans really can sniff out

molecules tuned to different frequencies after

all.



One of the criticisms leveled at the quantum vibration theory was that its theoretical
foundation was all rather vague. This has now been addressed by a team of physicists
from University College London who, in 2007, carried out the “hard-nosed” quantum
calculations behind the tunneling theory and concluded that it was “consistent both
with the underlying physics and with observed features of smell, provided the receptor
has certain general properties.”



One of the team, Jenny Brookes, even went on to

propose a solution to that niggling problem of

mirror-image molecules such as limonene and

dipentene that have the same vibrations but very

different odors.

J. C. Brookes, F. Hartoutsiou, A. P. Horsfield and A. M.

Stoneham, “Could humans recognize odor by phonon assisted

tunneling?,” Physical Review Letters, vol. 98: 3 (2007), p.

038101.



Marshall Stoneham was one of the

outstanding physicists of his

generation, who made a huge

contribution to condensed matter

physics.

Their theory is a quantum mechanical elaboration on

Robert H. Wright’s idea that both the shape of the

olfactory receptor and the bond vibrations of the odorant

molecule play a role in smell. They proposed that the

binding pocket of the olfactory receptor works like a

swipe-card machine. Swipe cards have a magnetic strip

that is read to generate an electric current in the swipe-

card machine. But not everything fits into a swipe-card

reader: the card has to be the right shape and thickness,

with its magnetic strip in the right place, before you can

even use it and check whether the machine recognizes it.

Brookes and her colleagues proposed that olfactory

receptors work in a similar way. An odorant molecule,

must first fit into a left- or right-handed chiral binding

pocket, rather like a credit card fitting in a card reader.



So odorants with the same bonds but different

shapes, such as a left-handed and a right-

handed version of the same molecule, will be

picked up by different receptors. Only after

either odorant has fitted into its complementary

receptor does it have the potential to stimulate

the vibration-induced electron tunneling event

to make the receptor neuron fire; but because

the left-handed molecule will be firing a left-

handed receptor, it will smell different from a

right-handed molecule firing a right-handed

receptor.



The different receptors will be wired to different regions of

the brain and will thereby generate different smells. This

combination of shape and quantum vibration recognition at

last provides a model that fits nearly all the experimental

data.



Of course, the fact that this model fits the data doesn’t itself

prove that there is a quantum basis for olfaction. The

experimental data provide strong evidence for any theory of

olfaction that involves both shape and vibration. No experiment

has yet directly tested whether quantum tunneling is involved in

smell. However, so far at least, inelastic quantum tunneling by

electrons is the only known mechanism that provides a plausible

explanation for how proteins can detect vibrations in odor

molecules.

Diagram of a vibration-sensing receptor using an inelastic electron tunnelling mechanism.

An odorant—here benzaldehyde—is depicted bound to a protein receptor that includes an

electron donor site at the top left to which an electron—blue sphere—is bound. The

electron can tunnel to an acceptor site at the bottom right while losing energy (vertical

arrow) by exciting one or more vibrational modes of the benzaldehyde. When the electron

reaches the acceptor, the signal is transduced via a G-protein mechanism, and the olfactory

stimulus is triggered.



Although the theories of olfaction are faced with some

challenges and some unanswered questions (like how the shape

of the olfactory receptor looks),we believe olfaction has a

connection with a quantum mechanical principle, thus a focus

on a biological mechanism obtained from a principle in

quantum mechanics should result to a permanent solution to the

unanswered questions in the eld of quantum biology.

So, although considerable controversy remains, the only theory that

provides an explanation of how flies and humans can distinguish the

smells of normal and deuterated compounds is based on the quantum

mechanical mechanism of inelastic electron tunneling. Experiments

have shown that, as well as flies and humans, other insects and even

fish are able to sniff the differences between hydrogen and deuterium

bonds. If quantum smelling is found in such a range of creatures it is

likely to be very widespread




