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THE SECRET OF SCENT
is a book about science by way of art, in which the
author's passion for perfume leads him to the sci-
enti ic mystery of what makes one molecule smell
of garlic while another smells of rose.

Readers who know Luca Turin as the lively
central figure in Chandler Burr's The Emperor of
Scent will remember the ongoing debate between
two competing theories of smell—one based on
molecular shape, the other on molecular vibrations.
Now Turin himself describes in detail the science,
evidence, and long history of this debate, from the
beginnings of organic chemistry to the present day,
and pays homage to those before him who got it
right. This fascinating and accessible account will
appeal to anyone who has ever wondered about

smell, still the most mysterious of the senses.
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O« Nombre Noir: how 1 got into perfume "

In 1981, at the age of twenty-seven, I moved from London
to Nice. I remember wondering how long it would take me
to tune out the beauty of the place, the strangeness of its
dream-come-true villas, the pearly quality of its morning
light, the surprise vistas at every turn of the various corniches.
The answer eventually came: I never got used to it. But I soon
found out that, behind the dazzling concave smile of the
Promenade des Anglais, the rest of the place was in need of
major dental work, full of shabby remnants of the 1960s:
millineries selling crosspoint patterns; dismal driving schools;
Alsatian restaurants serving choucroute in the summer heat.*

At some point in the past, perhaps due to the proximity of
Grasse, the perfume business must have flourished. Every
few blocks stood a sad little perfumery with shelves full of for-
gotten wonders gathering dust. Different professions seem to
foster different attitudes. French bakers tend to be friendly,
florists snobbish and curt, butchers salacious. Perfumeries in
Nice were staffed by brassy middle-aged women in a perma-
nent sulk. No doubt the fierce competition from department
stores accounted for some of the bad mood. This made the job
of ferreting out strange perfumes more interesting, a kind of
reverse charm school. At around that time, I befriended a
Belgian antiques restorer who scoured flea markets for furni-
ture and picked up old (and cheap, in those days) perfumes for
me. That started my perfume collection.

Early the following year, during one of my periodic visits to
the Galeries Lafayette, I noticed a shiny black arch in the cor-
ner of the perfume floor. This was the brand-new walk-in stand
for a Japanese company I'd never heard of called Shiseido, and

* The best description of Nice imaginable can be found in Patrick Modiano’s novel
Dimanches d’Aotit.



it showcased their first ‘western’ fragrance: Nombre Noir. I still
remember the black-clad sales attendant spraying it from a
black glass octagonal sampler on to my hand.

The fragrance itself was, and still is, a radical surprise. A
perfume, like the timbre of a voice, can say something quite
independent of the words actually spoken. What Nombre
Noir said was ‘flower’. But the way it said it was an epiphany.
The flower at the core of Nombre Noir was half-way between
a rose and a violet, but without a trace of the sweetness of
either, set instead against an austere, almost saintly back-
ground of cigar-box cedar notes. At the same time, it wasn’t
dry, and seemed to be glistening with a liquid freshness that
made its deep colours glow like a stained-glass window.

The voice of Nombre Noir was that of a child older than its
years, at once fresh, husky, modulated and faintly capricious.
There was a knowing naivety about it which made me think
of Colette’s writing style in her Claudine books. It brought to
mind a purple ink to write love letters with, and that wonder-
ful French word farouche, which can mean either shy or fierce
or a bit of both. I immediately bought a very expensive half-
ounce in a little square black bottle. It bore the initials SL
for a mysterious name: ‘Serge Lutens’ A few months later my
girlfriend took it with her when we parted, and soon after the
fragrance was discontinued. Little did I know at the time that
I would have to wait twenty years before smelling it again.*

I had always liked perfumes, but this was love. I had just
then got my first real job, and thanks to the election of
Frangois Mitterrand as President, France embarked on a brief
but intense period of profligate hiring of civil servants. The
1982 vintage was to become legendary: never, before or since,

* Only last year did I manage to trade a pristine ounce of Coty’s 1917 Chypre against a
large (black, octagonal) spray full of Nombre Noir in the possession of a journalist friend.
Nombre Noir was composed by Jean-Yves Leroy, who tragically took his own life this
year.



has it been so easy to get lifetime tenure as a scientist. I had
a proper job, I had time on my hands, access to an excellent
library, and I did what scientists are supposed to do: start
thinking. It was Nombre Noir that got me started on a long
journey towards the secret of smell, a journey that would take
fifteen years.

The secret is this: though we now know almost everything
there is to know about molecules, we don’t know how our nose
reads them. Hundreds of times each week chemists somewhere
on earth make a new molecule. In the days before safety offi-
cers, chemists used to routinely smell and taste the fruits of
their efforts. They no longer do. My colleague Daniel Boerger
thinks those who did died early and failed to propagate their
genes, and the species homo chemicus var. gustans has disap-
peared. Still, if it is powerful enough, and they either open the
vial deliberately or forget to close it, they will smell it. Every
time it is an absolute mystery what each molecule is going to
smell like. It is as if each new molecule were an inscribed clay
tablet with a word written in an unknown script, and a smell
to go with it, like banana or rose or musk. The pile of tablets
is now enormous, so big in fact that no one can have smelled
more than a small fraction of the total, and we still don’t
understand how the things are written. The smell is encoded
in the molecule using a cipher. This mysterious cipher is what
this book is about. Like all good mysteries, it is hidden in
plain sight. It has, if anything, deepened as our knowledge of
smell has increased. Like most enticing enigmas, it is simply
stated: what is this chemical alphabet that our noses read so
effortlessly from birth?

Part of the reason for the lack of interest in the subject must
be that smell science produces little that is useful to the sober
pursuits of medicine and technology. There are few diseases
of smell, and those that exist are usually incurable and get
little sympathy. And though it is big business, fragrance is a



low-tech, frivolous and fickle world. The relative neglect of
smell compared to other senses may also have to do with the
fact that it cannot be easily transmitted like images and sound.
As a colleague of mine put it, ‘You still can’t fax a perfume’
Possibly also, it is wrongly held to be less reliable as a sensa-
tion than vision or sound. Finally, there is a definite ‘real men
don’t do this’ side to smell and fragrance. I have found that
male scientists frequently blush and titter like schoolchildren
when given smelling strips during a lecture, whereas women
eagerly smell the strips and compare notes with each other.
Whatever the reasons, the cipher remains unbroken.

This does not mean that people do not care. Everyone has
wondered about the nature of odours from antiquity onwards.
Smell was (rightly) taken as evidence for the existence of atoms
and (wrongly) for their having different shapes, some smooth
(roses), some sharp-edged (mustard). Modern theories are
only slightly different. Basically, they say that the shape of the
smell molecule, i.e. the geometric arrangement of its atoms,
determines its odour character. As we shall see, shape-based
ideas have conspicuously failed to explain the central problem
of smell. This is no longer strictly a problem for professionals,
since they have failed to crack it. Everyone can have a go.
Even Enrico Fermi, the great Italian physicist said to have
been the last man to know all of physics, once remarked to a
colleague* while sniffing the aroma of frying onions, ‘Wouldn’t
it be wonderful to know how this works?’ In fact the Central
Problem of smell has joined the ranks of a very small, élite band
of conundrums. Like the origin of life, the mechanism of
general anaesthesia, the extinction of dinosaurs, the kinship of
the Basque language, it is a scientific Sword in the Stone. And,
great and small, Nobel Prize winners and complete unknowns,
experts and beginners, many have come up to the stone and

* Giorgio Careri, of the University of Rome, who told me this story.
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heaved on the sword and come away with nothing but a sore
back. Once in a while some claim to see the sword budge, but
the heavenly light still hasn’t shone on anyone, the prize is still
there for the taking.

Here I tell the story of how I think I finally cracked the code.
Actually, as often happens, it had been cracked twice before by
brilliant minds, but nobody took them seriously. All T did was
extend their work, and this book is my tribute to their insights.
As will become apparent, the scientific jury is still out on
whether my theory is correct. But there is a huge difference:
for the past three years I have been designing new perfume
molecules for a living, using my decoding method. This involves
predicting odour from molecular structure, which was until
recently reckoned impossible. The company that has taken the
bold step of hiring me as chief scientist is called Flexitral, and
I fondly hope that they will not regret their decision. Until they
hired me, I was an academic scientist living in a world where
money;, like sexually transmitted diseases and car accidents, is
something that only happens to other people, and not very
prudent ones at that. All that has changed. If, as I believe is the
case, I have managed to decipher how smell is written into the
structure of a molecule, there is a lot of money to be made by
efficiently designing new fragrances and flavours.

When people ask me what I do for a living, for simplicity I
now say ‘fragrance chemist’ Nothing could be further from the
truth, since I have no formal training in chemistry. Worse than
that, my work, if successful, may make specialist fragrance
chemists largely redundant. However, it is as good an opening
gambit as any. Chemistry has an ill-deserved reputation for
dullness,* and the conversation usually stops there. If not,
what happens next falls into a pattern. Some immediately

* It is merely badly taught, like most sciences, especially at the age when kids are first
interested, i.e. between six and ten years of age.



make the association with Suskind’s book Perfume and the
conversation pleasantly moves on to sex and bodily smells.
Hypochondriacs start complaining about their allergies to
various fragrances. A few declare their eternal allegiance to
one perfume or another. Occasionally someone asks where
one can still get some deleted masterpiece (eBay). Many peo-
ple want to know why modern perfumes are so crap. For the
most part, though, no one seems to have much of an idea of
what perfume is, how it is made, and for that matter of how
smell works.

O A recipe o

Perfumes are complex mixtures of what the people in the in-
dustry call ‘raw materials’ The raw materials in turn can either
be extracts from natural sources (mixtures of molecules) or
synthetic raw materials (usually single molecules). Mixtures,
both natural and synthetic, are often beautiful, whether they
be designed by evolution to attract bees or by us to attract each
other. However, they tell you almost nothing about how smell
is written into molecules, i.e. what property of molecules is
responsible for their smell. The study of smell requires one to
exit the realm of the beautiful to descend into what German
philosophers used to call the Sublime, and come face to face
with the enduring strangeness of raw sensation.

I remember once walking across a parking lot between
industrial buildings at the headquarters of a perfumery firm
and suddenly catching an intense whiff of some molecule they
had just finished making and were probably dispensing into
drums. It smelled of fruit, but not of any particular fruit, per-
haps some compromise between peach and apricot, though
more vivid and less subtle than either. It only lasted a few
seconds, but left an impression of indefinable oddness. It was
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only much later that I managed to put a finger on why it was
odd, and it came to me suddenly as a picture, not words. What
was strange about the fruity whiff was what was missing:
colour. The grey of the concrete, the pleasant wind in the blue
sky, the green of the English countryside — all were accounted
for, pictures and smells present and correct. Suddenly this
huge orange-coloured smell comes out of nowhere. To justify
its presence, there should have been a pile of ripe fruit one
hundred metres high, but there was nothing, only a light
breeze coming from a nondescript building. This severing of
effect from cause is one of the wonders of smell. It gives it the
quality of a hallucination, and makes the first contact with
pure perfumery synthetics a strange experience. Walk down
the shelves in the perfumery lab and pick a little brown glass
bottle at random, then another, and then another. Each, when
opened, will release a different genie, a hologram of an object
with attendant mood, at once familiar and impossible to
name. What’s more, only you, with your nose in the bottle,
actually smell it. Others around you go about their business
untroubled by the enormous apple that has just appeared next
to you and which you alone can see. Even when you dip
smelling strips into the little bottles and hand them round,
you still get the feeling that you are alone. Smelling is an
active process and you cannot tell when others are sniffing or
for that matter whether they feel what you feel.

Individual synthetics are almost never beautiful alone,
because they have a raw, unfinished quality about them. Going
from perfume to pure synthetics is a bit like being a lover of
mosaics, and being shown boxes full of little squares of a sin-
gle colour. A mental readjustment needs to take place before
one can focus on the exact tonality, texture and mood that the
little square elicits. For example, cis-jasmone is a character
material, meaning an essential ingredient, of natural jasmine
smell. Indeed, no decent jasmine reconstitution is possible
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without it. Smell it by itself in the pure form and it is not
remotely reminiscent of jasmine. Instead, it has a sweetish
anise-like or liquorice smell, but with a cut-grass (or green as
it is known in the trade), almost earthy quality. Come back to
it half an hour later, and you will decide to rearrange these
elements differently. The green-anisic has become a clearcut
celery note, whereas the sweet-earthy remainder, your mind
has now decided, is more in the nature of caramel sugar. Smell
it again another day and it will be reassembled into another
pattern. The underlying sensation remains the same, but its
features, like an incomplete photofit, can fit different familiar
faces.

The words used above are called descriptors, and they are
merely what come to mind when smelling the stuff. As with any
effort at appreciation, as one progresses from dumbfounded
novice to expert, the naming comes more easily, but the list does
not get longer. One merely learns to use descriptors that have
acquired currency by common agreement. We are now familiar
with television presenters on food programmes sipping a cheap
supermarket white and immediately reeling out lush lists of
descriptors. Some of them may be faking it, but the game is not
as ridiculous as it looks — only it takes some training. What
makes the wine business interesting is not so much the result,
pleasant though it is, but the requirement that this chemical
cornucopia be achieved using grapes alone.

The fragrance industry is held to no such moral principle,
and has always been able to rely on artifice. Instead of natural-
ness, however, its obsession is with purity. The problem with
smelly molecules, or odorants as they are known in the trade,
is that their potency differs enormously, the strongest being as
much as a million times more powerful than the weakest. This
means that in the extreme case a million-to-one impurity of
the strong stuff in the weak one will contribute 50 per cent of
the smell. If you consider that 99 per cent purity (one in a
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hundred impurity) is as good as it gets in chemistry, you
know that trouble is brewing. Indeed, impurities have fooled
fragrance chemists time and again, and many a pure product
smells totally different from the slightly impure and very
successful commercial product.

O« How perfumes are composed "

There are six* big perfumery firms, billion-dollar multina-
tionals, and countless small ones. The Big Six (and the tiny
company I work for) have the privilege of creating new
perfume molecules. The others merely mix the ones that are
available for sale outside the parent company. Those that
aren’t for sale are called captive. In order to understand how
a perfumer works, look at her' desk. On the right, a little
tray prepared by the commercial department contains
twenty or so 5-ml bottles of the stuff that has just appeared
on the market, composed by other companies. This is only a
selection of the most interesting or most successful ones.
Bear in mind that in 2003 there were eight launches a week.
It is hard work just to keep abreast of what is happening.
Actually, things aren’t that bad because everyone is mostly
copying successful fragrances, so the endless (and needless)
versions of the same thing are weeded out first.

Next to the current-affairs tray, a stack of annotated computer
printouts contains the analysis by gas chromatography and
mass spectrometry of the most interesting new perfumes. These
land on the perfumer’s desk only days after the stuff becomes

* In alphabetical order: Firmenich, Givaudan, IFF, Quest, Symrise and Takasago.

t Perfumery used to be a male preserve, but in recent years, and in particular since
ISIPCA (an independent perfumery school) opened, the proportion has gone to fifty-
fifty and many of the world’s most successful perfumers (artistically and commercially)
are women.
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available. The annotations are made by highly skilled analytical
chemists, because groups of peaks (each peak is an individual
chemical) come from natural materials and have to be recog-
nized as such, while others are pure synthetic stuff, some
captive. The captives cannot be copied because they are under
patent, and some, particularly the very powerful ones present
in small quantities and therefore hard to isolate, are literally
unknown. These captives seldom make a huge difference to the
final product, because alternatives are usually available. Armed
with the printouts, perfumers can copy any simple fragrance in
days. Which is handy because what most clients want, in their
infinite wisdom, is the same (an existing success), only different.
Things get a lot more complex if the fragrance contains lots of
natural materials, because these have more complex signatures
and may be harder to identify and to source.

Next to the printouts is a tray of novel raw materials. Some
are naturals, brought by extraction firms all over the world
and deposited on the desk of perfumers in the hope that they
will specify them in their next Big Fragrance. Even at 1 per cent
in the final product, a huge success like Dior’s J’Adore trans-
lates into tons of, say, jasmine absolute. If you're a small Indian
producer, and you are selling it for a few hundred dollars
a kilo, that’s a lot of money. Naturals are often superbly
complex, rich smells. But they are not cheap, and their quality
is variable. Before specifying one, a perfumer must run the
gauntlet of the accountants and the buyers who are reluctant
to commit to a novel natural until it has been supplied at
constant quality for years. If your firm is just starting out or
you have a new product, that looks like Catch 22: nobody buys
it because nobody’s bought it.

In front of the perfumer are the latest versions of whatever
she is working on. Typically a perfume goes through several
tens of, sometimes several hundred, revisions. They are put
together in the compounding lab next door, by technicians

12



who spend their days weighing out formulae. The different
versions are labelled by project name and version number, and
evaluated daily, by specialist evaluators who come in, smell the
different attempts, discuss what to do with the perfumer and
select the ones that are going to be shown to the client. All
this is in response to a brief from a brand, namely a descrip-
tion of what the brand wants. Briefs range from the sublime
to the ridiculous with a strong preponderance of the latter.
Nevertheless, perfumery firms compete for briefs, and when
the brief is won many more modifications are still needed
before the final fragrance is arrived at.

Perfumes are smelled on thin strips of blotting paper with
the company logo on it. They are attached to little ‘trees’
that rest on the table so that many strips can be smelled in
quick sequence when doing comparisons. Finally, to the right
of the perfumer, next to the telephone, is the all-important
computer that calculates the price of a formula on the fly as
the modifications are made. Ten years ago a fine fragrance
used to cost €200—300 per kilo. These days €100 is considered
expensive. Bear in mind that only 3 per cent or so of the price
in the shop is the smell. The rest is packaging, advertising
and margins. The cheapness of the formula is the main reason
why most ‘fine’ perfumes are total crap. Other reasons include
slavish imitation, crass vulgarity, profound ignorance, fear of
getting fired and general lack of inventiveness and courage.

The vast bulk of perfumery is not fine fragrance, but
‘functional’ perfumery. Everything is fragranced these days,
and someone has to decide what to put in it. To functional
perfumers, a budget of €100 a kilo would be like winning the
lottery; €15 is more like it. It is a credit to their genius that
many household things smell good, and that some of the ideas
in functional perfumery trickle up to fine fragrance rather
than the other way round. Some functional perfumes are true
works of art: I would pay real money for a bottle of the 1972

13



fabric softener Stergene, which smelled sensational. One last
word on the grubby subject of money: in fine fragrance there
is a threshold below which a good fragrance is impossible, and
we are probably there right now. However, more dosh does
not necessarily mean better perfumes: some of the great
fragrances of the past were actually relatively cheap formulae,
and it is still quite possible to mix expensive raw materials and
get an expensive mess.

O« What perfumes are not about: "
memory and sex

The first reaction of most people when the subject of smell
comes up is to mention its ‘evocative’ power, and to illustrate
it with an anecdote about Granny’s perfume. But the peculiar
thing about smell cannot be that it evokes memories, because
just about everything does. How many times, for example, has
one felt the pleasant pang of nostalgia upon hearing a pastel-
coloured Bacharach melody gently rain down from the ceiling
speaker above an airport loo? Ever tried going out for dinner
with the sister of a girl who dumped you and feeling those
slightly rearranged facial features touch your heart when the
light is right?

No, the special thing about smell is that it is idiotic in the
proper sense of the word, namely unique. There are no exact
equivalents in smell, you have to hit the tiny nail smack on the
head or you’ll miss it by miles. That’s why the event is rare, and
that’s why we notice it. If what did it for you was This guy’s in
love with you, no amount of Raindrops can stand in, and your
ex’s sister might as well be a complete stranger. The unique-
ness goes right down to the molecule level. As I've said, there
are no synonyms: no two different compounds out of the
hundreds of thousands made so far have identical smells.

14



Much less with mixtures: what was special about Granny’s
perfume is that, unfortunately for you, it was Guerlain’s first
(1962) version of Chant d’Arémes. It smelled divinely of
peachy skin, and no other floral lactonic before, during or
since ever hit that exact spot. And furthermore, they messed
with the formula some years ago when the bean-counters took
over, thereby putting your late grandmother’s smell perma-
nently out of reach. You are now officially at the mercy of fate,
waiting for that moment fifteen years from now when you’ll
walk past a stall in a flea market, pick up a small sample bot-
tle in a tattered black and gold box and stand there transfixed.
Or maybe you won’t go to the market that day.

The other thing you hear when smell is mentioned in
polite company is the question of whether fragrance works for
the opposite sex the way shit works for flies. The facts of the
case are, at the time of writing: (a) human pheromones exist,
otherwise for example the menstrual cycles of women who
share accommodation would never synchronize, and (b), as
far as we know, pheromones are perceived by a separate organ
in the nasal septum that is wired directly to the engine room,
bypasses all the higher functions and simply says, ‘Take me to
your ovaries.” No smell sensation, in other words.

Clearly, this is the usual confusion between hardware and
software. Hardware is the machine your genes built: opium kills
pain, salt tastes salty, hormones go up and down. Software is
what’s on the hard disk with your name on it: dope gets you
down, Mahler is vulgar, flat shoes are sexy. If fragrances were
full of powerful biological attractants, you'd think they would
at least work, considering how much they cost. But then why
do most men’s fragrances smell so vile? Why does the woman
in the red dress who sits next to you at a concert wreck the
evening by wearing half an ounce of Poison? It’s time for a
thought experiment. Imagine you lose your sense of smell, just
like when you had that bad cold five years ago, but this time, as
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occasionally happens, it never comes back. Food would become
unutterably boring: you might as well join Weight Watchers, eat
textured mushrooms and feel good about your bum. But sex
would still be OK, because your eyes, hands and ears (‘I love it
when. . ) would still work. I rest my case.

O« What perfumes are about: "
beauty and intelligence

Software it is, then, and probably Art too, if one defines art
as any craft that is both difficult and beautiful. There are
actually two branches to the art of smell: perfume and flavour.
Both are in a peculiar position compared to other arts, e.g.
music. The music composer does not have much competition
from the natural world, aside from the occasional three a.m.
nightingale recital. The Niagara Falls cataract makes a huge
noise, not a symphony,* and only the blessed perceive natural
sounds as music. But perfumers and flavourists are constantly
humbled by the greatest perfumer of them all, Nature. A walk
through a rose garden in June will reveal every varietal to have
a unique smell, ranging from that peculiarly lemony style
which one never encounters in perfume, to the heavy oriental
via all shades of peppery tea. A ripe mango, with its combina-
tion of incense-like austerity and sulphurous decadence, is
a perfumery idea of pure genius. The exhaust blast from the
coffee-roasting shop down the street is as rich and beautiful
as anything bottled by man. That is probably why most
perfumers see themselves as craftsmen, not artists.

* There may be a deeper connection between the two than was hitherto realized, in so
far as many types of noise, including clapping hands, have a spectrum, that is to say a
statistical distribution of pitches similar to certain types of music. Unlike the pitches of
melody, however, those of noise are scrambled. It is as if your gourmet soup-to-nuts meal
of music was served all at once, after being put through a blender.
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Flavourists are to perfumers roughly as Stubbs is to
Kandinsky, and they feel about each other much as their
figurative and abstract counterparts in the visual arts do. To
perfumers, flavourists are flat-footed imitators. To flavourists,
perfumers are pompous abstract painters who can’t even do
a good likeness. Both are, of course, highly skilled. The job
of the flavourist is the olfactory still life. Everyone knows
what the object is like: strawberries, chocolate, salt and
vinegar, bacon. The game is to get it right, occasionally with
humour. Accordingly, almost all the molecules used in
flavours are ‘nature-identical, which is to say, found some-
where in nature. If you find that reassuring, reflect upon the
fact that bitter almonds are lethal, and that the biting edge
in horseradish is due to a variant of a war gas. Indeed, if
someone invented horseradish today, they could never get it
past the food safety agencies, and the same applies to water-
cress, mustard, angelica root and a number of other earthly
delights.

By contrast, most fragrance raw materials are novel mole-
cules with entirely new smells to make perfumes that resemble
nothing in particular. Very seldom does a perfume reveal its
sources of inspiration. There are, to be sure, some fragrances
like Diorissimo that are meant as hyperrealist depictions of a
flower, in this case lily of the valley. They make artistic sense
only because there is no such thing as lily of the valley oil.
Muguet, as the French call it, is too expensive and fragile for
that. Edmond Roudnitska famously planted muguet in his
garden near Grasse when he was composing Diorissimo in
order to be able to compare his portrait to the real thing.
Another example of realism is found in perfumery bases. A
base is a composition, a mixture of many pure molecules, to
be used as a sort of prefab building block in a fragrance. No
perfumer would waste weeks recreating a peach note if that
wheel has already been invented.
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I have on my desk as I write this a smelling strip dipped
in the peach base Pierre Nuyens composed for Quest, one of
the Big Six and ICI’s fragrance division. It is a huge, velvety,
fluorescent peach thirty feet in diameter, with fuzz on it as
deep as pile carpet, like Magritte’s huge fruit inside a room. It
is a peach played slowly, an arpeggiato chord that lets you
enjoy in slow motion the entire sweep of that astonishing
Persian plum from mouthwatering fruity acid, via biscuit-like
softness to powdery, almost soapy bottom. Nuyens, by his own
admission, spent months on it and the formula contains
nearly two hundred different pure compounds.

But these perfume portraits are the exceptions. By and large,
perfumery lost interest in depicting anything in particular as
soon as abstraction became possible, when chemists started
making New Smells. It is hard to date that event accurately
since chemists have been making smells for hundreds of years.
One thing seems certain, however: the first perfume that made
use of a man-made smell was composed in 1881 by Paul
Parquet for Houbigant, and was called Fougere Royale. Don’t
bother asking for it in a store. It hasn’t been made in decades.
In any event Houbigant, after a period of meretricious trading
on its name with an awful range of fragrances, has now almost
vanished from the landscape. The only place you will find
Fougere Royale today is the Osmotheque in Versailles, the
world’s only proper perfume museum.

O~ A visit to the perfume museum "

Take the suburban train from Gare Saint-Lazare to Versailles
Rive Droite, a twenty-minute ride. Get out of the station,
which already feels provincial with its line of waiting Mercedes
taxis, their idle drivers chatting to each other, and set off down
the interminable Avenue du Parc de Clagny. The entire suburb
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emits the sadness of fulfilled dreams. On both sides are the
large houses of those who made it a century and a half ago,
giving off the curious mixture of luxury and meanness that
comes from building them almost as large as the grounds, with
only a little room to spare. The straight road climbs and gets to
an intersection. There on the right is the pair of villas joined
together that houses the ISIPCA. The acronym is typically
French. It stands for Institut Supérieur International du Parfum,
de la Cosmétique et de I’Aromatique Alimentaire. In other
words, Perfume School.

Founded in 1984 it was, astonishingly for a country that has
made so much money from selling fragrances worldwide, the
first of its kind. Until it opened, those who wanted to be per-
fumers had to join one of the big fragrance composition firms,
usually as a technician. Then they had to wait for years until
someone noticed that they would be better employed com-
posing fragrances than weighing mixtures all day, and claw
their way up the ladder. The School has since produced some
of the great contemporary perfumers, from Patricia de Nicolai
(New York) to Francis Kurkdjian (Le Male). Like most educa-
tional institutions, the school does its best to keep out some
useful talent. For example, it requires two years of university-
level chemistry prior to entrance. Since the majority of older
perfumers, including the very best ones, cannot tell one end of
an aliphatic aldehyde from the other, this requirement is
clearly perverse, and seems designed to exclude the Arty Types
the school so sorely needs. It is as if painters had to know dye
chemistry before joining Art School, or composers needed to
be familiar with Rayleigh’s Theory of Sound.

But there is more to the ISIPCA than the Perfume School.
Housed in the basement, and in a small room to the left of the
entrance, is the Perfume Museum. To be sure, other, glitzier
establishments claim to be such. Fragonard’s splendid collec-
tions in Paris and Grasse are all about bottles and distilling
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equipment, but the only smell in evidence until you reach the
museum shop is that of floor wax. But here is a big difference.
The Versailles Osmothéque is a modest, shoestring affair,
not open to the general public, but entirely, fanatically devoted
to smell. The only thing you can buy at the Osmotheque is
a subscription to its learned Bulletin, which looks like a
well-produced school mag and is full of arcane details about
long-forgotten perfumers.

The Osmotheque was founded in 1990, almost too late to
fulfil its mission, which is to preserve, and in many cases recre-
ate, the great fragrances of the past. Perfumery firms, more
often than not tied to such ephemera as fashion houses, have
gone bust by the dozen. Worth, Piguet, Houbigant, Jacques
Fath, Coty, all died. Sometimes the name survives. Coty, for
example, is now owned by the German firm Benckiser and still
sells perfumes that bear the glorious names of Frangois Coty’s
creations: Emeraude, 'Origan, I’Aimant. But these bear no
relation to the originals. Generations of accountants have
simplified and cheapened the formulae until what remains is
a ghastly changeling. To those who knew the real thing, this is
like being stuck with Jacques Loussier, while all J. S. Bach scores
and recordings are methodically destroyed. Call the firm to
complain, and with luck you will be put through to someone
in PR who will swear blind that the original formula has not
been tampered with.

Go to the Osmotheéque, however, and you will smell the Past.
But even that is not so easy. The ordinary visitor has no direct
access to the collection. Instead, he or she must attend a guided
tour of the museum, consisting of lectures given by retired per-
fumers and accompanied by distributions of smelling strips to
illustrate the points made in the talks. The smelling strips are
dipped in little bottles, and the little bottles are dilutions of the
Big Bottles stored in a dark, airless cold store in the basement.
That part is out of bounds to non-professionals. I have earned
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the right to visit it by donating a rare fragrance to the Museum,
a pristine ounce of Houbigant’s 1900 Parfum Idéal which I
found, unopened, still in its original box, in a Moscow antique
store in 1991.

You can, of course, take the smelling strips with you when
you leave the Osmotheque and if you ask them nicely, they
will even provide little cellophane sleeves to slide the strips in.
That will keep the perfume for much longer, sometimes weeks
rather than hours. When you visit perfumers at work, you will
often see on their desks the little Osmotheque sleeves. Ask
which fragrance is on them, and the answer will often be:
Houbigant’s Fougeére Royale. It is Fougére Royale that I have
come to smell today, calling in my one favour to the place.

O« Royal Fern 0

Some say Fougere Royale is to fragrance what Kandinsky’s first
abstract gouache of 1910 is to painting: a turning point. Even
the tongue-in-cheek name (‘royal fern’) announces that the
game has changed: ferns, of course, have no smell, and there is
nothing royal about them.* What made Fougere Royale so
special in 18812 It made use of a freshly minted synthetic ingre-
dient called coumnarin. To be sure, coumnarin was contained in
many natural products available to Parquet. But to have it
pure, and cheap, allowed him to use a big dose and to get a
different effect altogether. I am sitting across the desk of the
osmothécaire waiting to be summoned down to the cold room
to smell Fougeére Royale. At last he appears, and we trundle
down a flight of stairs and along a corridor to the cold room,
where row upon row of unprepossessing, opaque aluminium

* Houbigant did supply French royals with perfumes in the late 1700s, famously causing
the disguised Marie-Antoinette to be recognized by a passer-by during her attempted
flight from France: the perfume gave her away.
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bottles of different sizes are stored. The whole affair looks
mundane until you read the labels: Emeraude, Iris Gris,
Ambre Antique. It is like being taken to a corner of a zoo and
allowed a glimpse of sabre-toothed tigers. The assistant finds
the small bottle of Fougere Royale, dips two smelling strips,
hands me one and keeps the other for himself. He’s smelled it
a hundred times, but I have noticed professionals go through
this little sharing ritual. Is it because fragrance memory is fugi-
tive, and they welcome a reminder? Is it a small stolen pleas-
ure? Whatever, it has the feel of a brief communion, a quick
pipe of peace inhaled in the presence of something great.
Here it is at last, under my nose. The Fougere dynasty has
spawned vast numbers of familiar fragrances, almost all mas-
culine, notably Brut, Azzaro Homme and the elusive Canoé.
All are angular, soapy and quite unabashed. I imagined the
founder of the line to possess those virtues in undiluted
abundance. It makes the surprise even greater when Fougére
Royale starts the way some Bruckner symphonies do, with a
muted pianissimo of strings, giving an impression of tremen-
dous ease and quiet power. It does smell of coumarin, to be
sure, but it is also fresh, clean, austere, almost bitter. This is the
reference smell of scrubbed bathrooms, suggestive of black
and white tiles, clean, slightly damp towels, a freshly shaven
daddy. But wait! There’s a funny thing in there, something
not altogether pleasant. It’s a touch of natural civet, stuff that
comes from the rear end of an Asian cat and smells like it does.
Suddenly I understand: we’re in a bathroom! The idea here is
shit, and what’s more, someone else’s shit, that faint shock of
slightly repellent intimacy you get when you go to the loo at
someone’s dinner party and smell the air. Small wonder
Fougere Royale was such a success. At a distance, he who wears
it is everyone’s favourite son-in-law; up close, a bit of an ani-
mal. Months later, as I write this, the smelling strips still work
their magic. I'd give anything to have a bottle on my shelf.
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o« Why ‘natural’ does not always mean good "

But what was so interesting after all about Parquet specifying
coumarin for his new fragrance, and why did he do it in the
first place? And for that matter, what does coumarin smell of?
The great Steffen Arctander, author of the reference book on
smelly molecules,* describes it as ‘Sweet, herbaceous-warm,
somewhat spicy odor, in extreme dilution more hay-like,
nut-like, tobacco-like’. We are so used to associating this smell
with buff-coloured things that it is impossible not to think
of the colour beige when smelling coumarin. Whoever made
coumarin for Parquet was merely replicating a thing found in
nature. The tonka bean, from which coumarin is extracted,
contains so much of the stuff that when the beans are dried it
crystallizes on top. Remarkably, tonka beans contain little else,
so it is not as if the smell was new in its pure form. The main
justification for using a man-made material, then as now, is
that you can get it cheaper than by extracting it from the real
thing. Coumarin costs €10 a kilo, Tonka bean absolute €400
a kilo. Fougere Royale also contains many naturals, chiefly
oakmoss and lavender. I'm guessing, the formula is not in the
public domain. These good old-fashioned ingredients are
plants that people pick, these days mostly in Russia and former
Yugoslavia. They get heaped on to trucks, carted to the
nearest extraction plant and stirred with some hot solvent.
The good stuff is extracted from within the plant and later
steam-distilled from the mixture. Unsurprisingly, the resuit is
fragile, variable and, given the roughness of the process, often
damaged. In some ways, natural raw materials are to their
plant of origin as orange preserve is to Seville oranges, or
shrunken Jivaro heads to the live enemy. If you have the run of

* Perfume and Flavor Chemicals (ISBN 0931710375). Two volumes of faultless, consistent,
pernickety descriptions — the Robert Parker of smells.
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a perfumery lab or, more easily, of an aromatherapy store, it is
instructive to open up the little bottles, sniff them first and
then read the label. The origin of the oil often comes as a sur-
prise. Rose oil, for example, smells like a concentrated version
of those intense and unexpectedly colourless liqueurs from
Alsace that are the pride of the distiller’s art: Poire, Framboise.
That is to say, it does not smell much of roses. The wonderfully
expensive and almost impossibly rich narcissus absolute made
by the small Grasse-based firm of Monique Rémy smells like a
farmyard tutti. Hay, flowers, honey, cowpats, earth, even ham
in some ways, but totally unlike the hand-picked Auvergne
narcissus flowers from which it is made.

In a way, the very existence of perfumery is due to the raw
materials being such poor replicas of the real thing. If rose oil
really smelled of roses, the perfumer would merely hang her
head in shame and give up. Instead, her task is to mix these
gnarled, cooked, mangled bits of dried-up live things and,
much like an embalmer, give them the bloom of life once
again. But what makes natural materials desirable, and is at the
same time their chief drawback, is complexity. Complexity is
hard to define and easy to recognize. Think, for example, of the
early music synthesizers and their boop-boop sounds. Those
are simple, machine-like sounds. The sound waves follow a
simple pattern, mostly one or a few sine waves mixed together.
The novelty effect is great, but soon wears off, because we are
used to more complex sounds, like voices or violins. Natural
sounds — for example, a few notes played on the flute — are
rich and complex. The same goes for smells. We have a nose
as well as an ear for complexity. Pure, single chemicals smell
simple, rather bare and never pleasant enough in the long
term to be used alone in a fragrance. Naturals, even when not
particularly pleasant, smell rich because that is what they are.

But the drawback of complexity is that it makes it harder to
compose original fragrances, because you never have control
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over individual notes within the fragrance. Each natural
ingredient smells of many different things, and they all come
together. It is as if you were building a prefabricated house
from pieces, each of which contains the wiring, the plumbing,
the wallpaper, even the pictures on the walls, all glued together.
The house goes up quickly and may even look interesting
in the end, but you cannot redecorate it or make alterations.
In perfumery, the world’s hardest job belongs to the chief
perfumer for Aveda, who not only specifies all naturals, but is
now upping the ante by specifying all organics!

O~ Why ‘chemical’ does not always "
mean bad

People react badly to the word ‘chemical} and it is a generally
accepted nostrum that allergies are on the increase and that
unspecified ‘chemicals’ are responsible for them. But natural
essences will make you come out in a rash as often as synthetic
ones, as any aromatherapy textbook will aver. To look on the
bright side, it is a mark of the overall success and opulence of
our civilization that many people have nothing worse to worry
about than skin rashes, and therefore worry about skin rashes.
The EU has published a list of twenty-six allergens which it
intends to restrict in use. It makes interesting reading. Most of
them are high-volume materials: that is to say, things to which
a lot of people have been exposed to for a lot of time. That
means the allergens list is in part due to a statistical effect:
you need a quorum of people with a particular allergy before
dermatologists notice it.

Above ‘permitted’ levels, the fragrance has to be labelled
with a symbol that says ‘may be bad for you’ and the potential
allergens listed. This is fine, were it not for the fact that the list
reveals these things to be horrible chemicals, rather than the



lovely rose essence or some such that people thought was in
there. People read labels and find things like ‘Hydroxymethyl
pentylcyclohexene carboxaldehyde’, ak.a. Lyral®, an excellent
and of course largely harmless lily-of-the-valley synthetic.
The notion that ‘nature knows best’ is so firmly entrenched
in everyone’s mind, partly through the noxious effects of
the idiotic end of the ‘green’ movement, that the fragrance
industry has almost given up explaining itself before it even
tries.

Part of this is, of course, the industry’s fault. The phrase
‘lies, damned lies and . .  should probably end with ‘perfume
press releases’ rather than ‘statistics’. The fragrance world has
been coy about its chemical origins virtually since it started.
This is related to the general practice, now fortunately going
out of style, of treating women like complete idiots. Perfume
advertising is full of the most laughable nonsense, non-
existent flowers and woods, ‘pink musks’ and all sorts of
folderol that would be funny if it weren’t also sad. Had it been
more upfront all along, the industry would not be in a pickle
today. Add to this the fact that the tools of analytical chemistry
are getting better all the time, and that analytical chemists can
detect smaller and smaller amounts of perfume materials in
places where they shouldn’t be, and you have a recipe for mass
rejection of chemicals by the public.

It seems to me that the true background to all this is what I
call the Law of Conservation of Worries. As genuine reasons for
anxiety, like polio, TB and smoking; recede, they are replaced by
phoney ones, so that the anxiety level is kept homeostatically
constant. I can think of no process — save a major cataclysm
such as a flu pandemic — that would reset this anxiety to a low
level in the developed world. The phrase ‘studies have shown’ in
a newspaper these days almost always prefaces a new worry to
be added to the pile to make sure it does not shrink. Clearly, in
this field, if material progress continues the worst is yet to come.
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If you happen to be allergic to narcissus absolute (€30,000
a kilo), you need not worry, since the stuff is definitely not
contained in your soap powder. If you have an allergy to
hydroxycitronellal, which is everywhere and smells of lily of
the valley, then you are likely to meet another person like
yourself in the waiting room of the dermatologist. There are
three possible approaches to the problem:

1. Ban fragrances: not good, because ‘unfragranced’ products
smell bad.

2. Ban or restrict the offending chemicals: OK, but in due
course they will be replaced by other bulk ones, likely to be
just as allergenic.

3. Label the bottle properly, so people know that if they

are allergic to something they can stay away from it. This
solution is OK, except that a lot of the products concerned are
supposed to be good for you, which would not agree all that
well with a nasty EU allergen label on the bottle. Time will tell.

There is another, far more serious aspect of chemicals, namely
environmental pollution. Part of the problem here is that
soap powder is, this side of a blowtorch, one of the harshest
environments to put fragrance in. As a result the fragrance
materials that go into soap powder tend to be rugged fellows,
which typically makes them tough enough to resist biodegra-
dation. After all, even bacteria have to follow the laws of
chemistry. Couple that with the fact that hundreds of tons of
these materials, typically musks, are washed down the drain
every year, and that analytical techniques get better and
better, and you have a predictable result: these molecules are
detected in fish, milk and all manner of places where they
definitely shouldn’t be. The best solution in this case is to cre-
ate molecules that are less stable and more powerful (so fewer
are needed), but can still make it through the roller-coaster



ride of washing machine and tumble dryer. Everyone is
working on that. All this being said, synthetics are extensively
tested for safety before being let loose on humans, which is
more than can be said for naturals like hemlock.

O« Feynman’s answer o0

In the meantime, despite our ignorance of their workings, our
noses keep reading the air. Overheated electrical insulation is
about to catch fire and finally torch the old car you're driving.
Your ugly colleague is having a secret love affair with that gor-
geous graduate student who wears patchouli. The champagne
you're drinking (a major brand) illegally contains traces of a
perfume added to each bottle so you'll remember it and come
back. How does this work? Let us start from first principles.
When a journalist asked the great physicist Richard
Feynman what single sentence would best encapsulate all
science so far if it were to be the sole surviving scrap of all we
knew, he replied, ‘The world is made of atoms’ Indeed it is,
and so are we. It is a source of constant surprise to me that, in
polite UK company, someone who has never read Hamlet is
considered ignorant, whereas someone who knows what
atoms are is considered an idiot savant and encouraged to
get out more often. Had Feynman been allowed a second
sentence, he might have added, ‘And the atoms connect with
each other to make molecules’ Molecules are what we smell:
smell is our chemical sense, and we are so used to it that we do
not stop to think about how amazing it is. Consider this: a bit
of brain grows downwards through a bone shot through with
holes and dangles in the breeze somewhere up your nose.
Smells, unlike sound and light, do not act at a distance: if you
smell something, it is because pieces of the smelly stuff are
evaporating from whatever it is you are smelling — whether
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it is Rose de Nuit or frying bacon - flying though the air and
ending up in your nose. The fact that they are colourless
makes it look like a mysterious agency is at work, but if
you were to add perfume to coloured smoke you would soon
realize that you only smell the stuff when the colour reaches
you. A complex smell is just what it says: a complicated mix-
ture of different molecules, each adding its own odour, the
sum total of which is the thing we call the smell. But what are
these smelly molecules?

As Feynman didn’t say, molecules are assemblages of atoms.
Atoms come in different flavours, or elements, and the elements
differ in their ability to connect with each other. As was figured
out about a hundred years ago, atoms are not unlike tiny solar
systems, with a central sun (the nucleus) and planets around
them (electrons). The nucleus is made up of positive charges
and the electrons are negative. Equal numbers of negative
and positive charges are required to give a nice neutral, well-
behaved atom. The negative planets don’t simply stack up in
increasingly larger orbits, but instead form groups — groups of
eight to be exact. It’s as if in each orbit there was room for eight
planets, then when that orbit is considered filled up, you start
with the next one.

What is important about all this is that the social behaviour
of atoms — the branch of science known as chemistry —
depends largely on how many atoms there are in the outer
orbit. It is as if atoms are more comfortable with filled orbits,
and are constantly searching for partners to swap electrons
and achieve peace. For example, if one atom has seven elec-
trons in its outer circle, it behaves like a collector trying to fill
that yawning gap on its shelf and snaps up any electron
around. Similarly, if an atom has just started the next electron
orbit, and has only one electron in it, it is quite happy to give
that up to go back to the neat arrangement of a properly filled
eight-electron orbit. As you can readily imagine, when this
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generous soul meets the manic collector, it’s Love. This is pre-
cisely what happens when sodium metal (that shiny butter
one cuts with a knife in chemistry lessons) and chlorine gas
(nasty, heavy, yellow gas) meet up. They instantly strike this
one-electron deal, and thereafter peacefully coexist as sodium
chloride, or table salt.

Incidentally, the reason the table of the elements is called
periodic is because elements which have the same number of
electrons in their outer orbits will behave similarly. Carbon,
the stuff of which almost everything around us and inside us
is made, has four electrons available for bonding, and there-
fore makes at most four bonds with neighbours. The next one
up is silicon (Si), the element of which, in the parlance of Star-
Trek, ‘non-carbon units’ are made. It has eight electrons more
than carbon. Because the next larger orbit is filled to
the same extent (four electrons), silicon is a bit bigger than
carbon, but also makes four bonds, for example to hydrogen
to give silane, a nasty gas. Oxygen and nitrogen have two
and three electrons in their outer orbits and will therefore
make two and three bonds to neighbours, as will their peri-
odic cousins sulphur and phosphorus. Everyone who shares a
fondness for the periodic table thinks of it differently. I see it
as a sort of class photograph. Fat guys at the bottom, thin ones
at the top, arranged from left to right by temperament, with
the placid types (eight electrons) at the far right, seated
just next to the seven-electron psychopaths. The recklessly
generous one-electron types are safely at far left, and the
well-rounded individuals, those who should (and did) go far
in life, somewhere near the middle.

What holds sodium chloride together is what holds every-
thing together: electrical forces. It is hard to countenance the
fact that our entire world is glued together by the same forces
that make bits of paper stick to a rubbed plastic rod, but there
you have it. In the case of sodium chloride, the sodium has lost
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an electron and become positively charged, and the chloride
has gained one and become negatively charged. So they stick
together. But even neutral atoms are held together by electri-
cal forces, and the reason can be seen in the figure above, where
the cloud is negative and the nucleus positive. When you bring
two neutral atoms (top) together and their electron orbits
overlap (middle), you tend to get an accumulation of electrons
in the overlap region. Picture the two nuclei and this overlap
region (bottom) and you have a neat little sandwich of posi-
tive-negative-positive charges that will tend to stick together.
However, things are not that simple, or chemists would not
command large salaries and prestigious professorships. Each
electron in the outer orbit independently makes its own little
cloud of overlap. This means, for example, that carbon, which
has four electrons in its outer orbit, can make four such
clouds, whereas hydrogen, with only one electron, can only



make, well, one. Put one atom of carbon and four atoms of
hydrogen together and you have the molecule below called
methane or CH,. This is also known as swamp gas, and it is
the gas that leaks out from the rock in coal mines and kills
people. A more accurate representation is shown below. The

white hydrogen atoms actually arrange themselves not two-
dimensionally in a cross pattern but as far from one another
as possible, at the four corners of a tetrahedron. The whole
shape ends up not unlike those Tetrapak milk cartons of the
1960s. Most carbons will end up making four bonds like this,
not just to hydrogen but also to, for example, other carbons.

Since we’re on the subject, here is the structure of coumarin:
from left to right, the model made of marbles, the structure
showing the elements and the simplified notation chemists use
nowadays. In the simplified notation, everything is assumed to
be carbon (linked to the correct number of hydrogens to make
up four bonds) unless otherwise specified.

et

AR,
90 dse
HC._ =

C o” 0

H o” ~O

The whole thing is like a construction set, and chemists like
to play. Chemists have, by tradition, given colours to the dif-
ferent types of atom, or elements. Carbon got black because
the cheapest form of pure carbon, graphite, makes a good
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pencil lead. Sulphur is yellowish-green, just like natural sul-
phur deposits. Oxygen is red, perhaps because the chemical
compound from which it was first isolated, the mercuric oxide

beloved of alchemists, is an intense fiery red. Small and pri-
mordial hydrogen (almost the entire universe is made of it)
got white. Nitrogen got blue, which makes sense when you
think the air in the sky is mostly nitrogen. These and all other
known elements also got letters: C, H, O and N. The notation
with the hydrogens omitted, is the one chemists use when
drawing things for explanation on the back of an
envelope. It is not quite 3-D, more like % - D, but it does the
job of representing the shape of molecules and their reactions
reasonably well. It is also a good mnemonic, because our
memory for shapes is excellent.

O« The beginnings of smell: chemical words "

As [ write, the German-based Beilstein, a venerable and now
web-powered database, lists 8,128,462 different molecular
structures reported between 1779 and 2001. Note the starting
date, for that was when people finally gave up on the ideas of
alchemy* and started using the notions of modern chemistry.

* The very best book on alchemy, which does full justice without condescension to these
allegedly pre-scientific investigators is F. Sherwood Taylot’s slim volume The Alchemists,
now unfortunately out of print.
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These molecules are not merely theoretical constructs. Each
was actually made by a chemist somewhere, and a recipe was
published to enable other chemists to make it.

To get a feel for the number and diversity of molecules,
it is useful to consider them as words written in a language
called SMILES. An idea of pure brilliance, SMILES emerged
in 1988 from the brain of David Weininger.* It stands for
Simplified Molecular Input Line Entry System. The language
was designed for computers, which are notoriously better at
processing strings of characters, i.e. words, than pictures.

SMILES represents each molecule as a word, each of whose
letters represents an atom, and provides built-in instructions
on how to connect the ends. For example, cyclohexane (six
carbons in a cycle), pyran (a conventional or ‘common’ name)
and cyclohexanone (six carbons with a ‘one’ or C=0 jutting
out) are shown below. The way it works is pretty self-evident:
when you have a closed circle, you cut it open and label the
ends (Ci1 connects to C1) etc. Using SMILES, you can represent
pretty much every molecule in a simple, machine-searchable
way that does not rely on fancy algorithms to represent struc-
tures as graphs etc. For example, our coumarin would come
out in SMILES as O=C10C2=CC=CC=C2C=C1.

O C1CCCCCH
O’ C1CCOCCH

0
(:/l/ =C1CCCCCH

Now here are several crucial bits of information to connect
smell and SMILES:

* ] Chem. Info. Comput. Sci., 28:31-36.
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1. Our nose likes short words, typically with fewer than
twenty letters. For example: O=C1CCCCCCCCCCCCCCC1
smells of musk, but O=C1CCCCCCCCCCCCCCCCC,
two Cs longer, is odourless. Roughly speaking, anything
with more than sixteen Cs stands a good chance of being
odourless. Bigger things do not fit into our sensing
mechanism.

2. The shorter the word, the shorter the smell. Spray CSC
on your skin, and you will smell of truffles for thirty
seconds. This is known in perfumery as a ‘top note’ Every
letter adds roughly a factor of two to the time. Try CC(C)=
CCCC(C)=CC=0 and you will smell of lemon for thirty
minutes, a ‘heart note’ for a fragrance such as a cologne. But
spray on CC1CC(C)(C)C2=CC(C)=C (C=C2C1(C)C)C
(C)=0, and you will smell of cheap musk for thirty hours or
more. This would be a ‘bottom’ or ‘drydown’ note.

3. With a few exceptions — such as the garish, hyacinth-like
bromostyrene, which contains big, brawny bromine (Br) and
is no longer used — smelly molecules are made from only five
types of atoms: carbon, hydrogen, oxygen, nitrogen and
sulphur (C, H, O, N and S in SMILES). These elements all
come from the same corner of the periodic table, the safe
Upper East Side — unsurprisingly, since these are also the five
elements that make up all life.

4. The molecules must be able to fly in order to reach our
nose, so they should carry no charges that make them stick
to each other (no positive and negative), and not too many
sticky groups like -O at the end of a word. These make weak
bonds to each another called ‘hydrogen bonds’ which
prevent the molecules from taking flight.

5. If you're planning to sell the molecules in fragrance, they
should be as unreactive as possible: no funny things like OO
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and 00O (peroxides and ozonides) or N=NC (diazo), no
nasty reactive stuff like OCN, NCS and others.

and most importantly:

6. No two words smell the same: for example,
0=C1CCCCCCCCCCCCC1 smells of musk, but
0=C1CCCCCCCCCCCCi, which is one C shorter, smells of
cedar wood. There are plenty of siblings, but no exact twins in
smell. How can we be so sure? Ask any fragrance chemist:
hundreds of thousands of molecules have been made, each a
different word. Compare them two by two if you like — they
will never smell identical.

O« Smell becomes perfume: chemical poems "

Many hundreds of such words make a perfume, the chemical
‘poem’, Spray a smelling strip with fragrance in a store (they let
you do that nowadays) and quickly smell it, then come back to
it at intervals of a minute or so. When you get bored with this,
put the strip in your pocket and go for a walk. Smell it a few
hours later, then forget it and come back to it, say, a month
later. What you will notice is that the perfume smells different
every time: alcoholic at first, then typically fresh and floral,
then the warmer, sweeter notes, then a long-lasting, quite sta-
ble heart and finally a ‘drydown’ which after a few days often
becomes somewhat nondescript. What is happening is that the
different kinds of molecules are leaving the strip at different
rates, small ones bailing out early, large lumbering ones staying
put until you finally trash the strip.

A perfume, once it has become familiar, works like an accu-
rate clock. The procession of odorants, precipitous at first, stately
later, tells us where we are in the story. Spray it on after work. The
top notes, the first ones to fly out, say it is still early in an evening
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that feels full of promise. Next come the heart notes, where the
perfumer’s art really shows itself, where fragrance tries (like us)
to be as distinctive, beautiful and intelligent as possible. Lastly,
by three a.m. the perfume has literally boiled down to its dark-
est, heaviest molecules at a time when our basest instincts,
whether for sleep or other hobbies, manifest themselves.

This behaviour follows a physical law, as familiar to us
as other manifestations of the arrow of time. Imagine the
strangeness of a fragrance that was like a cologne played in
reverse: first the sweet, soft, amber notes, then the spicy heart,
and finally, in the dark of night, a blast of fresh citrus. It would
be as scary as seeing the bath water sprout a shimmering
column, head for the tap and disappear up the pipe.

What loosens the molecules from their perch is heat. On
warm skin, the molecules are shaken by thermal motion more
violently than on a cold surface. If you want to experience a
perfume in slow motion, spray it on paper or on the outside
of your clothes. Cold things have little smell, and one of the
attractions of a snowy night is the total blank our nose per-
ceives. Part of the fun with ice cream is the surprise when a
huge flavour develops in the warmth of your mouth. Try this:
put some strawberries and ice in a blender, give the mixture a
twirl until the ice is finely crushed, wait for ten seconds, then
take the lid off and smell. What you get is hard-boiled eggs,
because the strawberries contain light, sulphur-containing
compounds that alone manage to struggle free at this low
temperature.

How big are molecules? Picture them on the smelling strip
as a huge flock of birds settled on a white sand beach. They are
invisible from afar, but as you come close, you realize that the
sand is teeming with millions of birds of all sizes and colours
as far as the eye can see. Dozens of different species ranging
from starlings to mighty pelicans, each species standing for a
different molecule in the perfume. Suddenly a breeze stirs and
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the birds take off, small nimble ones first, gulls later, clumsy
flamingoes and pelicans last. Swept along, they whoosh up

your nose

musk

dms

A typical starling-sized molecule, dimethylsulphide (dms
in the picture) — our CSC in SMILES notation — has a great
truffle smell, though it is a great deal cheaper than truffles, at
£10 a litre from chemical suppliers. It is made up of just nine
atoms, and flies off so fast that on a smelling strip you have to
be quick to catch it, and when you pass it on to someone else
it is too late. The atom in the middle is sulphur.

Now a pelican: a musk, a ring of black carbon atoms stud-
ded with white hydrogens, with the red oxygen as a gem ruby.
0=C1CCCCCCCCCCCCCCCr in SMILES language, this will
smell for days, sometimes weeks, on a strip. How wide would
the finger-wide smelling strip be if dms were really the size of
a starling, or musk the size of a pelican? About 1,200 miles
wide: molecules really are prodigiously small.

Os> Reading the poem line by line ™

The process by which smaller molecules fly out first and big-
ger ones later is known to us by another name: distillation.
The still is an old invention, and even the simplest one is
capable of separating, say, alcohol from water: simply turn up
the heat gradually, and observe what collects at the cool end
of the retort tube. The first stuff to come through is alcohol.
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But the ultimate still is called a gas chromatograph and was
invented in the 1950s. I happen to have a nice reconditioned
one, bought second-hand for the price of an old Jag, hum-
ming next to me in my basement lab as I write this, and it is
a thing of beauty. This machine is to smell what a prism is to
light. It separates perfume mixtures into their component
parts. It is a device of exquisite elegance and simplicity, and
without it the life of the fragrance chemist would be hell.

Here’s how it works: remember the last time you had sup-
per in a good Italian restaurant, and the tablecloth was thick,
dense, white cotton? Did you notice that the drop of red wine
you spilled on it seemed to separate into different colours as
it ran along the cotton fibres, blue gaining the edge on brown?
That is chromatography, and it was first noticed with dyes,
hence the name. The idea is that different molecules
can be made to travel at different speeds, like runners in an
amateur marathon, and that if you get them all going with the
starting pistol and stand ten miles down the road, they will
come past you in a strung-out order, fast ones first, slow ones
later, overweight stragglers last.

Picture a thin glass tube a fraction of a millimetre in diam-
eter and thirty or so metres long, neatly coiled up so it can
fit inside a temperature-controlled oven of normal turkey
size. Coat the inside of the tube with a thin layer of a waxy
substance in which smelly molecules will dissolve. Connect
both ends of the tube to pipes that stick out of the oven so
you can put things in at one end and collect them at the other
end. Pass a stream of gas through the tube. Arrange the
plumbing so that you can inject a small slug of a mixture at
the in end of the tube without disturbing the flow of gas. Set
the oven to some temperature, say 100°C. Position your nose
at the out end, and inject a slug of fragrance into the tube.
The different molecules will enter the tube at the same time,
and be pushed along by the stream of gas. If they did not
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attach themselves to the walls, they would also come out at
the same time. But they stick to the coating of the tube walls
every time they hit it, and have to ‘boil off’ again from the
wall into the gas every time they get stuck. Understandably,
the molecules that attach best to the coating will spend less
time in the gas stream, while those that attach poorly will zip
through. Since all the molecules with a given structure will
behave nearly identically, they all come out more or less at the
same time.

The result at the outlet of the tube is a separation of a
complex mixture into its components. Put a mixture of smells
into it, and little puffs of each component will come out at
intervals of a few minutes. Each puff lasts a few seconds, and
you had better be there when it comes, or the smell will be
gone. To help in this, part of the output stream is sent to a de-
tector wired to a recorder. When nothing is coming through,
the recorder writes a flat trace on the paper. When a puff
comes along, the recorder writes a ‘peak’. The noise when the
pen comes to life is the signal to rush to the outlet and start
smelling. Add a few bells and whistles for convenience, and
you can do this all day. A continuously rising oven tempera-
ture makes it easy to shake off even the really sticky molecules.
Humid, warm air added to the outlet will make it easier to
smell, for reasons unclear. A little computer tells you how
much of the total stuff was contributed by each puff. Then you
have a proper GC smeller. This machine, and this machine
alone, can tell you what perfumes are made of and let you smell
pure molecules.

e How molecules are made

The recipe for coumarin, the iconic molecule of synthetic per-
fumery, uses the reaction called Perkin condensation, named
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after the great industrial chemist William Perkin. It runs as
follows:*

In a 250 ml round-bottomed flask place 2.1 g of
salicylaldehyde, 2 ml of dry triethylamine and 5 ml of acetic
anhydride and reflux the mixture gently for 12 hours. Steam
distil the mixture from the reaction flask and discard the
distillate. Render the residue in the flask basic to litmus with
solid sodium bicarbonate, cool, filter the precipitated crude
coumarin and wash it with a little cold water.

The first thing you notice if, like me, you are not a chemist is
that this looks less tricky than, say, Beef Wellington. All you
need is a bit of glassware and three building blocks, which
Perkin would have had to make for himself but which you can
buy now for a few euros. No one makes things from scratch
these days. To be fair, even in Perkin’s day nobody started from
one-carbon building blocks. But where do these prefab bits
come from? Ultimately, if you trace them back to their source,
they come either from oil — that is to say, from ancient life
forms' that painstakingly assembled them from single atoms —
or from today’s life forms, e.g. wood. Secondly, you will notice
that the building blocks still have good old-fashioned names:
salicylaldehyde (from salix, willow, from which it was first
extracted), acetic anhydride from vinegar, litmus. In fact, the
atmosphere is still agreeably empirical (‘gently’, ‘a little water,
‘basic to litmus’). Chemistry is clearly still an art.

The mechanism for this reaction is now well understood. To
give you a hit-and-run feel for how synthetic organic chemistry

* This recipe is taken from Vogel’s Textbook of Practical Organic Chemistry, fifth edition
(ISBN 0582462363), an extraordinary book that gives you the feeling, unique among the
sciences, that with minimal equipment, a good fume hood and a little money you could
do professional-level chemistry. Try this at home.

* Not everyone agrees that ol is a fossil fuel. Thomas Gold, in his fascinating book The
Hot Deep Biosphere, argues convincingly that hydrocarbons have a non-fossil origin.
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works, look at the explanation of this reaction below. If you
find it self-evident, your future is assured.

o] [o]

H:,CMCH

3

The art of synthetic organic chemistry is a peculiar one: its
practitioners are like hunters, who need to think like their
prey. They gain an intuitive understanding of the habits of
molecules by becoming familiar with a million anecdotes,
i.e. individual chemical reactions. Many solid rules exist, but
chemistry is basically unpredictable. I remember once seeing
a book entitled Remarkable Chemical Reactions. Each one of

42



several hundred pages merely showed reagents and products
for a reaction that had given an unexpected result. What was
extraordinary was that there was no text, other than the refer-
ence to the original scientific publication. For the aficionado,
clearly none was required.

Elegance in academic synthetic chemistry means making a
complex molecule from the ground up. Elegance in industrial
chemistry is making a molecule cheaply and efficiently, with a

CH

minimum of reaction steps. This is because the yield — the
fraction of the reactants that ends up as what you want — is
never 100 per cent. Most reactions have yields of, say, 70 per
cent. The remaining 30 per cent can be anything — unreacted
bits, unwanted products, all expensive waste. If you need ten
reaction steps, you could end up with an overall yield of a
few per cent. The stuff is going to be expensive, and you had
better make sure people will want to pay for it before you build
the plant. On a chemist’s difficulty scale of one to ten, with one
as ‘easy’ and ten as ‘nightmare’, coumarin would score a two.
Some of the recent sandalwood molecules like Givaudan’s
weird and magnificent Javanol®, with its two three-membered
rings and impossibly lush smell, would rate an eight and cost
a lot to make. Fortunately, Javanol® smells great and is very
powerful, so it can be sold for a lot of money.

O« A problem of nomenclature o

A few years ago I was invited by some mathematicians in
Cambridge to give a talk on smell. Talking to mathematicians
is always a pleasure, because they have a fair amount of time
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on their hands (you can’t think about maths all day), they are
usually very curious about the rest of science and they have
the hale alertness of those who spend their entire lives in the
bright sunshine of truth. It is also useful because unless one
makes a real effort to keep up, one has no idea what is going
on in the world of mathematics. Tune out for a few years and
then come back, and you discover that some things which you
thought impossible have been done. What’s more, they can
be downloaded in the form of a programme from the web, for
free of course: wavelet transforms, neural networks, fractal
compression algorithms, nonlinear waves, all there for the
asking.

David MacKay of the Cavendish Laboratory had invited
me, and we got talking about smell and smelly molecules. I
explained to him that in the course of conversations with fra-
grance chemists the question had come up of what ‘molecular
typos’ smelled of.

Suppose that smell is ‘written’ into the molecule in some
notation. What do you get when, by altering a specific part of
a molecule, you mistype the original word? With words, of
course, you can get other words with both related and unre-
lated meanings. For example, you can go from ‘face’ to ‘lace’ or
to ‘fade’. The space of words is not continuous. What about
smells? Specifically, the question I had asked the distinguished
fragrance chemist Charles Sell of Quest International was:
when you’re making a few dozen molecules while searching
for, say, a musk, what do you get when (as is usually the case)
you don’t get a musk? He said without hesitation, ‘Woods and
ambers.

His answer got me thinking. This suggests that somehow
woods and ambers are ‘near’ musks. Since you never get roses
or peanuts, that means these are further out. But when you
make rosy molecules, you sometimes get woods, sometimes
lemon. So that means woods are connected to rose and to
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musks, but rose and musk don’t have a common border.
Playing with molecular typos is like putting a pin into the map
blindfolded, but in the correct general neighbourhood. To use
the language of artillery, when you aim for a specific smell
your circle of error can sometimes get you into the next
county, but not into the next country. I was recounting this
to MacKay and in typical mathematician fashion he said,
‘You can unfold this with a Kohonen self-organizing map.
He patiently explained to me how it works. Suppose you take
a thousand molecules, each of which has a smell that can be
described by, say, four words in decreasing order of aptness:
for example, woody, rosy, soapy, sweet. The Kohonen algo-
rithm will figure out which combinations of words come most
often together* and rank things by distance to iron out all the
wrinkles and unfold a proper map that would in principle give
you the map of smell.

To do this you would need a lot of descriptors, and that
means tapping into one or more databases of the big manu-
facturers who have produced hundreds of thousands of mo-
lecular typos (as well as some resoundingly beautiful words)
over the years. These databases are jealously guarded, because
they contain proprietary information. The most jealously
guarded bit of all is the molecular structure corresponding to
each smell. But all hope is not lost: what is interesting about
the smell map is that you would not need to know the mole-
cule’s structure, since you are operating here only at the level
of its smell. David MacKay and I got rather excited about
the prospect, and I promised to do something about it, namely
to ask one or more of the big firms for an edited version
of databases containing no structures, only descriptors. At
one point, this had been conceivable, as I'd been brought into

* If you want to know more about it, search for Professor Teuvo Kohonen or read his 2001
book Self Organizing Maps, third edition (ISBN 3540679219).
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a few of these companies for talks that went nowhere.
Unfortunately, by that time (late 1997) my relations with the
big manufacturers were at a low ebb* and I never got hold of
the data. Frustratingly, aside from those databases, the infor-
mation is widely scattered, or would require tremendous
amounts of work to input into a computer, so I gave up the
idea temporarily.

O« The landscape of smell "

Until we finally see the Kohonen map of smell, it’s anyone’s
guess what the landscape looks like, so I can take the reader on
an imaginary trip without fear of contradiction. Along the
way, it will become clear that similarity in structure does not
mean similarity in smell, and that the mystery of the smell
cipher is untouched.

Vanilla

Let us start on the tropical island of Vanilla. Vanilla is the first,
and still the greatest, success story of synthetic fragrance
chemistry. Without it, Guerlain fragrances would not exist,
chocolate would be an austere, saturnine drink favoured only
by Yucatan monks and ice cream would be forever stuck in
sorbet territory. Vanillin, the ‘character impact’ molecule of
vanilla pods, was first made in 1874 by Ferdinand Tiemann
and Wilhelm Haarmann. The firm of Haarmann and Reimer
had been founded a few years earlier in the middle of the
forests of central Germany, to extract vanillin from wood. It
was, and still is, situated in a place called Holzminden (holz
means wood). Only a few years later, H&R’s own chemists
made wood largely redundant. Their method of synthesis

* The comical story is told in Chandler Burr’s The Emperor of Scent (ISBN 0375507973).

46



started with guaiacol (the fellow on the left of the diagram).
Then they punched in an aldehyde group, using the reaction

/0

chioroform
+ alkali
(0} (0]}
| |

OH OH

that is named after them, and which they published in
1876 after the patent was granted (since then as now, pub-
lishing destroys your chances of getting one). They made a
bundle from it. In molecular terms, the vanilla territory is
tiny. Every vanillic molecule known to date resembles vanillin
fairly closely. Remarkably, though vanillin is very powerful,
iso-vanillin, in which the four o’clock and six o’clock groups
have been interchanged, is a very weak (but still vanillic)
odorant.

From vanilla you can go in several directions. Add an extra
carbon to the group at four o’clock and you get ethylvanillin,
with extra power, subtlety and sparkle, though still firmly in

OH

vanillic territory. Go back a step, remove the aldehyde and
smell guaiacol, and you are likely to be amazed by how much
difference three measly atoms (HC=O) make: guaiacol is
smoky, like so many molecules with an OH attached to a
benzene ring. In fact, guaiacol smells a bit like phenol, above,
the molecule first used by Joseph Lister in 1865 to kill bacteria
during an operation. Smell habits are very long lasting: we
have only recently emerged from the Phenolic Age, with the
familiar Jeyes Fluid and Wright’s Coal Tar Soap as staples
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of Spartan antisepsis in public places and schools.* The
subliminal fear of bacteria which made Lister’s phenol so
popular has taken over a century to subside, and antiseptics
now increasingly smell lemony-clean rather than ruggedly
tarry. One exception is the wonderful (and in my experience
entirely useless) French cough medicine Pulmosérum, which
contains guaiacol and looks and tastes like the late nineteenth
century. Similar hygiene time-travel is provided by the tar
compositions used to paint fences.

Guaiacol is still recognizably vanillic. To be more exact,
one can smell with the mind’s nose a faintly cough-syrupy,
medicinal note in pure vanillin. Indeed, some very phenolic
compounds are used as replacements in cases, such as in
soaps, where vanillin cannot be used because it rapidly turns
chocolate-brown. Natural vanilla extract contains lots of
phenolic notes, and smells a bit like a fresh exotic-fibre carpet
or smoky, wet tea leaves. This is desirable, because pure
vanillin is a little too clean all by itself, and needs a bit of phe-
nolic raunch to perform at its best in perfume. Indeed, when
Jacques Guerlain used vanillin in fragrances, he always chose
a somewhat impure grade which smelled nicer (the firm of
De Laire sold it to him for more than the pure stuff). He then
mixed, say, ten parts of this stuff to one of the expensive
vanilla absolute to make it both cheap and rich.

Birch and beaver

Further afield in the phenolic jungle, we encounter the cresols.
There are several: this one is the p- or para-cresol. Cresols have
a leathery-smoky smell and are found in, among other things,
rectified (meaning cooked until brown) birch tar oil, the raw
material contained in all serious leather fragrances, from Knize

* The British in particular love the bracing, institutional smell of phenol. When I want to
recall the Old Days in the UK, railway platforms and college stairs in the morning, I take
a sniff of TCP, which you can still get in most chemists.
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Ten to Chanel’s Cuir de Russie via Caron’s Tabac Blond. The
animal component is very strong in some p-cresol derivatives,
as exemplified by the mother of all beastly smells, castoreum —
an oil actually obtained from beaver pelt and the very
embodiment of the colour brown in the realm of smell.

A clue to the neighbouring countries just across the border
from vanillin is provided by looking at guaiacol and ben-
zaldehyde. This is not entirely surprising, because if you
superimpose the structures of guaiacol and benzaldehyde in
the correct orientation, you get vanillin. What this tells you,
however, is that when you move away from vanillin —in partic-
ular, messing with the guaiacolic bits, the undercarriage of

/o /o
+ =
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the vanilla molecule as drawn above — you should not be
surprised if things get almondy. And indeed they do, as exem-
plified by heliotropin, discovered in 1869, which has a ‘warm,
almost herbaceous-fruity note’ reminiscent of almonds but
more floral. Heliotropin — so named because its smell resembles
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that of heliotrope flowers — soon became popular in fragrances.
The only one of that period that still remains is Guerlain’s
sublimely melancholy Aprés I’Ondée, which does justice to
the spring-like warm-fresh contrast inherent in the molecule.
Further towards the light in the fresh-almondy direction,
we encounter the related molecule Helional®, a typical marine

0

]
o_/
note which, to be exact, smells fresh-metallic — the smell of
a silver spoon after you've sucked it. It gives fragrances an
over-exposed, bleached quality which did sensationally well
during the anorexic 1990s. Note also that the ‘other’ highly
successful marine note, Calone, responsible for the edgy
metallic zing of New West, Kenzo Homme and Eau d’Issey,*
also contains a benzene ring attached to two oxygens, but in
a seven-membered rather than a five-membered ring. So far,
nothing all that surprising. But going over the next ridge
to bitter almonds lands us in a strange place teeming with
weird molecules, and poses our first major puzzle. So far,
similar structures have given similar smells, but that is about
to change.

Bitter almonds

No doubt partly because the smell of bitter almonds is so easy
to recognize for everyone who’s ever had marzipan or
Amaretto, or has bitten into a peach kernel, chemists have

* Calone, and marine notes in general, possess the peculiar quality of getting stronger and
stronger as one gets used to them, which means that perfumes composed at a time when
these things were new now smell as if they contained nothing else.
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