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TIIVISTELMA

Taman tutkimuksen tarkoituksena oli 16ytéd4, kuinka kahden eri hajuveden, aidon Christian
Dior Higher Diorin ja samalla nimelld myytdvin laittoman piraattiversion, koostumuksen
molekyylirakenne, -koko ja -konsentraatio, selittdd erot hajuvesien haihtumisajoissa sekd tuoksuissa.

Ensin tutkittiin haihtumisaikoja, ja alkuperdinen parfyymi haihtui hiukan hitaammin. Sitten
parfyymien tuoksullista suorituskyky# vertailtiin, johon kuuluu kuinka tuoksu muuttuu ajan myéti,
kuinka kauan se kesti4 ja minkéilainen se on. Alkuperdisen hajuveden 16ydettiin eldvin
miellyttavilld tavalla ajan myGtd, tuoden esille sen monipuolisuuden, jota ei I8ytynyt sen
piraattiversiosta. Aito parfyymi kesti my&s tuoksuna kauemmin. Molempien paatuoksuna oli raikas
sitruuna yhdistettynd voimakkaisiin mausteisiin, mutta alkuperdisesséd naytteesss tulivat paremmin
esille hedelméis- ja kukkaistuoksut, sekd myski.

Tamén jélkeen kéytettiin kaasu kromatografia — massa spektrometriaa 1§ytdmaén hajuvesien
koostumuksen, jota tietoa kéytettdisiin liittimadn parfyymien aineosat niiden muihin
ominaisuuksiin, joita tutkittiin kokeellisesti aikaisemmin. Joitain yhdisteitd 16ytyi molemmista
niytteistd, ja olivat varsin ennakoitavissa, kuten limonene, linalool ja linalyyliasetaatti.
Mielenkiintoisia tapauksia tuli myos esille, kuten dibutyyli fenyyli, isopropyylimyristaatti, sekd
dietyyliftalaatti. Mitd4n selkedd sddnto4 siitd, mitd tuoksua eri funktionaaliset ryhmit tuottivat, ei
16ytynyt, silld jotkut yhdisteet, joissa oli samat funktionaaliset ryhmét tuottivat eri hajuja, ja jotkut
yhdisteet, joissa oli eri funktionaaliset ryhmét tuottivat samanlaisia tuoksuja.

Alkuperiinen tuote kuitenkin sisélsi useampia yhdisteiti ja siind oli korkeampi konsentraatio
niistd, joita 10ytyi molemmista ndytteistd. Tama selittdd sen monipuolisemman tuoksun. Se sisilsi
my0Os enemmén painavia yhdisteitd, mika selittdd miksi se haihtui hitaammin ja kesti tuoksunakin

kauemmin.



Contents

 IEEOAUCTION. ¢ttt s et ne et e e se et b e e e b enreseentereens 1
. The chemistry Of SMEIING . cviriiiiieeiee ettt be e reereeee e 2
- THE SAIMPLES ..ottt ettt st s s e s se et ensebennete s eaas 3
. Investigation 1: The evaporation time of the perfumes ..........cccoeevreierieeiciicececeeeeeeee, 4
8) DESCIIPUON ...ttt ettt ettt es b et et a e et e s e s e s sessess st esssseanesensessenas 4
D) RESUILS ..ot ettt ettt 5
€) ATTEItROUGNLS ...ttt b e b 6

. Investigation 2: SMEIlING tESIS ..cuieeiiirireeieeieeteteete sttt r e esb et sr ettt sr et e et aensons 7
8) DIESCIIPION ...ttt ettt es et b ettt sa e se st ete s ese et enseaeanetannas 7
D) RESUILS ..ottt ettt an et e annne 8
€) AFTEItROUGNLS ..ottt sttt et et ae b neenes 8

. Investigation 3: GC-MS aNalySiS......c.cccevririiireririeieeieiniereeteteeseseese e e s ssess et sessesenesessessenas 9
a) Introduction to gas ChromMatOZIAPIY ......eceeuirirrierieriiriertetereet ettt s st r e e seb et n b e s ereeneereennerens 9
b) Introduction t0 Mass SPECITOMELIY .....cuveveerurrreriiririeriieeerestete et e et et ereseseesess et eesese s eeeeseneenas 10
) Preparing SAMPLe.......ccv ittt e e e eneens e 11
@) RESULLS ..ottt ettt ettt et s se et e e sn e st ebee st eteese et seseereeseeanenneseereerees 12
(1) CRIOIMATOZTAINIS ..c.veveteteietetriie st ettrt et et s e steetesueesestease et e ssasesseeseessesaeteesssseeresrestesresteeresressos 12

(i) Processed chromatogram data..........cccvvieevvinerieerereesiestctecie vt v vt re s v sre b esne s 14
(1i1) Compound 1dentifICatiON. .. .ceriereriererieeieiee ettt b e e rs et ene 15

€) DISCUSSIONS evnrieiniicieeete sttt ettt et et e sttt e s e se et e st e e e s eseas s e s essassensassensessessersersans 17
(1) GO TOSULLS ..ttt ettt ettt se et e e e e esae st ess e st eseestessereeseareersenas 17

(1) MIS T@SULLS. ..ttt b bbb st et s enets et ensese s eneereneerensene 17

 CONCIUSION ...ttt ettt e e e e e e s tesesaseestteeeabeseeneseeeaeseesanneasasesesnseasanseesanneeaannees 19



INTRODUCTION

My first encounter with what I would now call classical fragrances — perfumes formulated by the
most prestigious fragrance houses — came when I was 10 or 11 years old, and in my ingenuity had
decided to get my mother a perfume for her birthday. It was Poison by Christian Dior and the lady
at the cashier gave me some testers. I felt overwhelmed, as I had been given free perfumes, but that
would be incomparable to the awe I felt when actually using that small treasure of a bottle that was
a Higher Dior tester. Since then perfume has come to mean to me a luxurious commodity that can
lift my spirits'.

The act of making perfumes is as much an art as a science. This stems from the fact that it
deals with inventing aesthetically pleasing fragrances, which are capable of conveying abstract
concepts or moods and delivering messages. This is the identity of the perfume, which is given by
the balance in the materials used by the perfumer to achieve the desired effect. The perfumer must
also keep in mind various technical requirements needed for a successful product, such as the
appropriate strength, persistence, and changes in the perfume’s character during its evaporation, and
of course chemical stability. There are also the demands of the market to be taken into account. The
perfumer thus needs vast experience in these matters and a good knowledge of the properties of
different perfumery materials.

The properties of the raw materials that perfumers are interested in, such as their odour,
volatility, strength, and stability are all determined by their chemical structure. Chemistry has in
many ways shaped the job of the perfumer, from obtaining the raw materials to discovering new
materials, and new methods of synthesizing already existing ones, as well as analysing perfumes
using gas chromatography (GC). The use of GC has gone a considerable way in lifting the veil of
secrecy surrounding successful formulations of fragrances, and it could even be said that it is due to
this that perfumers can now concentrate on the creative side of perfumery. This is because then they
needn’t use their time sweating over the composition of a successful product, as now there is a sort
of division of labour where separate perfumer-chemists concentrate on the chemical analysis®.

Like in any fake products, counterfeit perfumes are an illegal way of making money on the

back of a coveted product. They try to mimic the smells of famous perfumes, and it is interesting to

! This is an interesting choice of words in regard to the history of perfumes. The word perfume is derived from
the Latin “per fumum”, which translates to through smoke. This is because in the past the source of fragrance was often
incense. It was used mainly in religious rituals, to please the gods, to help send prayers up to the heavens, or to help
escort the spirits of the dead to the heavens. In this sense they were believed to quite literally “lift the spirits”. See Susan
Irvine, Perfume: The Creation and Allure of Classic Fragrances (London: Aurum Press Ltd, 1996), 8-11.

% Calkin, Robert R., and J. Stephan Jellinek, Perfumery: Practice and Principles (Hoboken, NJ: John Wiley &
Sons, Inc, 1994), viii.



note the likeness they can achieve. This is remarkable in that even if one knows the constitution of a
perfume it is still very difficult to induce the same effect and experience given by that perfume, for
creating it is dogged by such complex chemical procedures and ingredients. The best fragrances
often contain esoteric and extravagant materials, which are priced accordingly, so a mimicking
fragrance made with cheap ingredients is still likely to make a profit when sold at a fraction of the
price of the original.

The aim of this investigation is to find out how the structure, size, and concentration of the
constituent molecules accounts for the differences in evaporation time and odiferous characteristics

between Christian Dior’s Higher Dior perfume and a pirate copy sold under the same name.

THE CHEMISTRY OF SMELLING

Our experience of smell is the result of certain molecules binding to the scent receptors in the nose
from where the resulting nerve impulses travel to the brain. A perceptible chemical must be volatile,
which means have a molecular mass of not more than 300, as they travel to the nose through the air.
It also needs to be lipophilic, as it will dissolve in mucus before binding to a receptor’. Similar
chemical properties tend to induce similar smells. According to this principle Table 1 was produced,
which links different functional groups to the typical smell attributes: flowery, spicy, fruity,
resinous, foul, and burning. Sometimes different groups produce similar smells and sometimes
stereo isomers produce very different scents, so it is only a general guide. Later I'll make my own

version of the table with the compounds found in the perfumes under investigation.

? Borsch-Haubold, Angelika, “Small molecules make scents,” Science in School, Autumn 2007, 69.
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Figure 4: The percentage of squares that have dried in a certain time, the black line representing the fake perfume and
the red one the original.

¢) Afterthoughts

There were some complications with the procedure that biased the results. The first was that as
perfume was sprayed on paper, the paper tended to cave in where there was a larger volume of
perfume because of the greater mass. This in turn made the paper cave in even more, which resulted
in the perfumery liquid sliding down into the dent. This phenomenon was conspicuously present in
the test with the fake perfume, so that the paper around the caving in dried quickly, while the part
that had caved in took longer to dry (see how the curve levels out after a high initial increase in the
number of dried squares). The other problem arises with determining whether a square has dried. I
tried to adopt a definition whereby the squares that can be seen to be darker than the ones that were
not wet in the first place, around our designated (5x2) cm area. This worked until the difference in
darkness was so faint that it produced ambiguous cases that were treated with subjectivity. Another
weakness with this idea was that the caved in parts also got some shade from the surrounding paper

and thus may have appeared wetter than they were.



INVESTIGATION 2: SMELLING TESTS
a) Description

This investigation is different in kind to the previous one, in that it concentrates on the more
subjective sense perception, smell. It also differs in the sense that the results are qualitative. This
time as a smelling strip, normal drawing paper will be used®.

The spray mechanisms are not exactly identical in both bottles and the amount of
perfume that actually gets sprayed also depends on the strength applied in spraying, so I will try to
get the same amount of perfume on both blotters manually. This I shall do by observing the amount
sprayed and then spraying more of one to compensate if it is clearly less abundant than the other. I
shall spray both perfumes two or three times on their respective smelling blotter. The reason why I
am placing a lot of emphasis in trying to get the amounts sprayed as close to each other as possible
is that it can affect performance in terms of strength and longevity.

The test is carried out simultaneously for both perfumes, and this has the advantage of
helping me make comparisons more effectively when the original and counterfeit Higher Dior are
smelt right after each other. The times at which I will smell the blotters after applying the perfumes
are 1 minute, 10 minutes, 30 minutes, 1 hour, 2 hours, 3 hours and an interesting but ambitious 12

hours’.

¢ In Calkin, 17, Jellinek observes that for odour analysis, the thinner the blotter the better, since “it allows the
different smelling phases to be recognised, as it holds the more volatile aromatics less tenaciously.” Paper of ordinary
thickness will do in our case, being thinner than cardboard or drawing paper. Then the differences in smell become
more pronounced with time, and because I am mainly interested in the comparison of the two products, this should
make my task easier and quicker, since the aromatic chemicals dissipate a little more rapidly.

7 A lot of emphasis in this test is on the act of smelling. Care must be taken to perform the smelling of the
different phases of the perfumes’ diffusion a large number of times and also to keep a proper time interval between any
consecutive tests for two reasons. The first one is that as I am working with alcohol-based fragrances, smelling the top
note is strongly alcoholic and can temporarily deaden my sense of smell and thus bias the results. The second is that the
nose adapts fairly quickly to unchanging odour and as a result one experiences a smelling fatigue. I also tried to go
outside and breathe as much fresh air as possible between each smelling to freshen my nose and sharpen my sense
perception. Calkin, 15-18, makes similar observations, and goes so far as to suggests “running up a flight of stairs” to
simulate “deep breathing” and activate “blood circulation”.



b) Results

Table 2: How the smell of the original and fake perfume develop with time after application to paper. Time is measured

in minutes.
Time Original Fake
(mins)
1 Strong but still pleasant smell, a nice blend | Same first impression, not bad for a fake.
of citrus freshness and spices. However the smell was a little sharper.

10 | Much more pleasant now as intoxicating Also a little weaker now than at 1 min.
effect has died down with the evaporation | There isn’t really much depth, as the smell
of the alcohol. A really seducing fragrance | has just gotten weaker, with no new
that makes me want to absorb more and nuances to it; it’s essentially the same
more of it. Compared to 1 min, it’s less in | fragrance.
your face and more rounded, with the
spices and sweetness coming to the fore, as
opposed to the freshness.

30 | The smell is not as strong. The sweet floral | The difference between the two perfumes
side is really becoming more conspicuous, | is becoming more pronounced. The fake
combining nicely with the fresh, spicy note | one clearly lacks the sweet component, and
that is the main characteristic of Higher is poignantly sharp, so that it actually
Dior. brings to mind a kitchen cleaning

detergent!

60 | Very soft and pleasing as a smell. The Rather narrow, in that it’s just a weaker
freshness is not so assertive any more. It’s | version of what was smelt before. It is still
more woody, musky and fruity, with the more spicy and pungent in comparison to
sweetness of a pear. Very rounded and the original.
rich.

120 | Surprisingly similar to 60 mins. Has At this point it’s a stark contrast to the
maintained its character. original. It seems like the fake is the

original stripped of all the subtle floral and
musky notes.

180 | At this point it’s still perceivable, but just a | The smell has almost faded away and is
lot fainter than previously. Manages to less present than the original at this stage.
keep its own in a delightful way.

720 | The smell is almost non-existent. You can | The smell is extremely faint, so it’s
just tell from the paper that it has been impossible to tell the difference at this
sprayed with perfume earlier. point. However this was to be expected

after 12 hours.
c¢) Afterthoughts

The method used in Investigation 2 was not as problematic as that of Investigation 1. Even though

differences in the smell were expected, the likeness always depends on the quality of the fake, and it

was good for a comparative analysis that there were clear perceivable differences. What’s more,

some basic hypotheses can be made with regard to the gas chromatography runs of the different




perfumes. The peaks in the chromatogram of the original perfume sample can be expected to be
more numerous than those in the chromatogram of the fake sample, because the smell was more

“rounded”, that is richer and more complex. The peaks should also be more spread out in the former,

because the smell lasted longer in the original perfume.

INVESTIGATION 3: GC-MS ANALYSIS

a) Introduction to gas chromatography

Gas chromatography (GC) can be used to separate the components present in mixtures of volatile
liquids. In other words, it is perfect for our investigation. It involves the use of a mobile phase and a
stationary phase. The mobile phase is an inert carrier gas (hence Gas Chromatography), such as the
helium used in our case. The stationary phase is usually a viscous liquid, coated on the walls of the
coiled capillary tube column. In our work, this role will be played by HP-5, a viscous liquid
polymer, which contains a polysiloxane backbone, to which dimethyl and phenyl groups are

attached, which represent 95% and 5% of the volume of the branches respectively®.
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Figure 5: 4 diagram of the gas chromatographg.

¥ Based on discussions with Juhani Kronholm, lecturer at the University of Helsinki Department of Chemistry.
? http://content.answers.com/main/content/wp/en/thumb/7/74/350px-Gas_chromatograph.png (accessed
October 7, 2007).
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First the compounds are injected into a hot injector where they are vaporized to the beginning of the
column. From there they are transported further along the column. They are differentially attracted
to the stationary phase, and thus move through it at different rates. This is how they are separated'®.
The main property determining the rate is the boiling point. As a result of this, the components with
a small molecular mass and low boiling point reach the end of the column, where the detector lies,
the fastest. The temperature is raised from 40°C to 300°C during the 40 minute run, so that even the
heaviest compounds reach the detector. The detector response is sent to a computer, where the
progress of the sample is monitored in a graph that shows compound abundance against run time.
Each component of the sample reaches the detector at a different time, which is known as its
retention time. A single peak represents a single component and the area under it its relative amount

in the sample'’.

b) Introduction to mass spectrometry

GC coupled with mass spectrometry (MS) is an extremely powerful tool used in many analytical
laboratories. This is because MS can be used to identify the separate components that elute from the
chromatograph, even at trace amounts. It works by ionizing the molecules that get passed on from
the chromatograph, separating them according to their mass-to-charge ratio, and detecting them'2.
The first step in our spectrometer is the electron ionization, where the molecules are ionized by
bombarding them with electrons from a metallic filament to which voltage is applied"’. If energy is
left over from the collision of the sample molecule and the electron that causes ionization, the
molecule can be further fragmented. Intact ions and fragments pass into the mass spectrometer's
analyser and are detected'®. It then generates the mass spectrum for the component at hand. The
mass spectrum gives the masses of the ions formed, and when the retention time of the peak is
known the component can be identified. In our case, this was done with the help of HP Chemstation

software, which compared the mass spectrum of the peak chosen in the total ion chromatogram to

' SLC, “Introduction to Gas Chromatography,” http://www.umd.umich.edu/casl/natsci/slc/slconline/GC/
(accessed October 7, 2007).

" Ibid.

1> Geoff Neuss, Chemistry for the IB Diploma (Oxford: Oxford University Press 2001), 151.

'3 Kenneth L. Busch, “Electron lonization Sources: The Basics,” http://www.spectroscopymag.com/
spectroscopy/article/articleDetail.jsp?id=358670&sk=&date=&pagelD=3 (accessed on October 7, 2007).

' The University of Arizona Department of Chemistry, “Introduction to Mass Spectrometry,”
http://www.chem.arizona.edu/massspec/intro_html/intro.html (accessed on October 7, 2007).
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the ones present in the NIST library database'. It then stated the best match, and the quality of the

match (which is an indicator of how reliable the result is).
c¢) Preparing sample
e The detector is so sensitive that the perfume samples must be diluted with hexane. A 2 ml bulb

pipette is used to measure the hexane, and it is added to two different test tubes.

o The perfume bottles cannot be opened without breaking them. Thus a small amount of them
must be sprayed into its own test tube, and the sample collected from there. 10 pl is measured

with a syringe.
o The perfume samples are added to different test tubes, which contain 2 ml of hexane.
e A spoonful of sodium carbonate powder is added to remove the water present in the sample'®.

o The hexane, perfume, and sodium carbonate are mixed thoroughly, and then left for 2 minutes

for the sodium carbonate hydrates to form.

e Then 2 pl of the solution with the sample of the original perfume is measured with the injector,

taken from the middle section of the solution.

e Itis injected into the injecting column of the gas chromatograph once the settings are ready

from the computer.

e Once the sample has been injected the start button should be pressed as quickly as possible to

get accurate retention times.

o The injector is rinsed with hexane, before injecting the other sample into the injecting column

when it is time for the second run.

"> Based on discussions with Juhani Kronholm, lecturer at the University of Helsinki Department of Chemistry.
' The water in the sample must be removed because water changes the retention properties of the GC column.
This in turn could change the shape of the peaks dramatically. Sodium carbonate is used because it absorbs water to
form hydrates:
Na2C03 (s) +n (Hzo (1))——) N32CO3 ‘n (Hzo) (s)
A common hydrate is sodium carbonate decahydrate, where n=10.



d) Results

(i) Chromatograms
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Figure 6: The chromatogram of the sample of the original perfume.
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