Tenacity and Fixing of Aromatic Chemicals

By Worreanc STurM and GERD MANSFELD
Haarmann & Reimer GmbH

T he quality of a perfume oil is determined by
several factors. So far as its acceptance by the con-
surner is concerned, decisive importance attaches
not only to the actual odor characteristics and sta-
bility under the particular conditions of use, but
also to the odor intensity and tenacity.

Experienced perfumers have long made use in
their compositions of so-called fixatives, which can,
to a greater or lesser degree, increase the period for
which the odor of a perfume oil or specific compo-
nents of the composition remain perceptible when
used.

The experiments here described should make a
contribution of practical value to the elucidation of
the tenacity and fixative characteristics of some
components commenly used in perfume oils. It was
initially attempted to determine regularities in the
behavior of aromatic chemicals in relation to their
tenacity as well as to detect factors through which
this tenacity could be influenced. In addition, an
analysis was made of the fixative properties of cer-
tain substances generally used for this purpose. On
the basis of the results obtained, an attempt was
also made to determine an inherent law governing
the fixative action of these substances.

Tenacity of homogenous aromatic chemicals

These experiments were carried out chiefly on
those classes of substance most frequently encoun-
tered in perfumery, such as hydrocarbons, alcohols,
phenols, ethers, aldehydes, ketones, and esters or
lactones.

To obtain precise, reproducible results, the tenac-
ity of aromatic chemicals was determined by mea-
surement of the weight loss. In most cases, where
the weight loss progressed continuously, the gravi-
metric result was identical with the tenacity deter-
mined purely by odor. This comparison will be dis-
cussed in greater detail later on.

A piece of bibulous paper with a substance of
about 264 g/m?* was used as the support. 0.6 g of
the compound to be tested was slowly dripped onto
a strip of the paper 2 g in weight and 75.84 cm?® in
area (15.6 cm x 4.8 cm). In all cases this amount of
compound was sufficient to completely saturate the
paper with liquid, so that the surface area was the
same in all the experiments. In the case of viscous
substances, the time needed to saturate the paper
uniformly was considerably longer than in the case
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of aromatic chemicals of lower viscosity. The papers
prepared in this way were freely suspended in a
room at about 20°C with ordinary ventilation and
humidity, so that evaporation could proceed uni-
formly on all sides.

The weighings were usually carried out after 1,
3, and 10 hours; 1, 3, and 10 days; 1 month and 3
months, using an automatic balance that could he
read to an accuracy of 10 mg. In certain cases it
was necessary to make weighings at times inter-
mediate to those scheduled.

Continuous weight loss. The results obtained had
to be divided into two groups, one comsisting of
aromatic chemicals whose weight loss was continu-
ous and the other consisting of those whose weight
loss was discontinuous. Table I lists the members
of the first group, together with the tenacities of the
individual aromatic chemicals.

Figures 1-3 show the change with time of the
weights lost by some substances, selected from Ta-
ble 1. The graphs show the amount of odorant still
present at the time of each weighing, The linear
torms of these curves show clearly the uniform rates
of weight loss, or uniform progress of evaporation.

Of interest and practical importance are com-

narieanc nf the Himee for whinh aromatic cheamieale
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of different structure classes and molecular sizes are
retained on the paper. For example, the two Cyq
hydrocarbons, ocimene and dipentene, were re-
tained for only ca. 1 hour, whereas the C,, alcohols,
linalool, tetrahydrolinalocl, dihydromyrcenol, gera-
niol, citronellol, and isopulegol, took from 4 hours
to 3 days to completely evaporate from the paper
strips {see Table I and Fig. 1). It was thus imme-
diately apparent that the functional groups have a
large influence on the tenacity of aromatic chemi-
cals, just as they do on that of dyestuffs. Moreover.
the tenacity is dependent not only on the kind of
functional group (e.g., alcohol, aldehyde, or ester)
but also on the molecular configuration adjacent to
a specific functional group (e.g., primary, second-
ary, or tertiary alcohol). The above-mentioned ter-
tiary aleohols, linalool, tetrahydrolinalool, and dihy-
dromyrecenol, required 4 to 6 hours to evaporate
under the experimental conditions; the secondary
alcohol isopulegol took ca. 8 hours; and the primary
alcohols, geraniol and citronellol, took between 2
and 3 days.
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A comparison of aromatic chemicals having the
same functional group and similar structural ele-

ments makes obvious the dependence of the tenac- BT —ma.2 months
ity of these compounds on the ‘molecular weight. NN : '
Whereas hexanol (M 102) requires only somewhat : o T

more than 2 hours to evaporate, dodecanol (M 186) @ Tl Tl

lasts for about 2 months (see Figs. 1 and 3). Benzyl z e Tral, P T Ren
alcohol (M 108) clings for about 12 hours, its homo- g T,
logue phenyl ethanol (M 122) for a little over 1 = Y e ’
day, and 5-phenylpentanocl-1 (M 164) for about 1% K "

months (see Table I and Figs. 1 and 3). Similar re- AN T

sults were obtained from the comparison of homol- A i

ogous cthers and homologous lactones, amongst 2 N3 ™28 neurs
others. The tenacity of diphenyl oxide (M 170) was 6 8 10 12 136 18 2 22 %

2 days, that of dibenzyl ether (M 198) ca. 1% Tie {hours)

months (sec Fig. 2). For y-octalactone (M 142) — LI - GeranyTicerare
and  y-undecalactone (M 184), the respective — gihis;g1ywielw I Rl

values were 2 days and 2 months (see Fig. 3).
Modification of the functional group has (as al-

ready mentioned) great influence on the evapora-

tion. For cxample, the conversion of geraniol to

Fig. 1: Progress with time of the avaporation of aromatic
chemicals {up to 24 h).
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Ocimen

Dipentene

Linalool
Tetrahydrotinalool
Dihydromyrcenol
Styrolylalcohol
Isopulegal
Trimethylcyclehexanal
Benzylalcohol

Hexanol
Phenyltethyldimethylcarbinol
Citronellol

Geraniol

Dodecanol
5-Phenylpentanol-1
m=-Kresol

Eugenol
Phenylethyl-iscamyiether
Geranyl-methylether
Rosencxide

Eucalyptoel
Eugenat-methylether
Diphenyloxide
Dibenzylether
Acetophenone
2-Hexyl-cyclopentanone
Dihydrajasmone
Methyti-dihydrojasmonate
Hexenylformate
Benzylformate
Phenylethylfarmate
Geranylformate
Decalinolformate
Nonylacetate
Isobornylacetate
Geranylacetate
Citronellolacetate
Dimethylbenzylcarbinolacetate
Ethylbutyrate
Citronellelpropionate
Geranylbutyrate
Anisylacetate
Eugenylacetate
Phenyl-isovalerianate
Isoamylcaprylate
y-0Octalactene
y-Undecalactone
Linalytbenzoate
Benzylbenzoate
Hexylsalicylate
Diethylphthalate
Isopropylmyristate
Phenylacetaldehyde-dimethylacetal
Kusk Ambrette

Table I: Tenacity of aromatic chemicals that evaporate at a yniform rata.
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Fig. 2: Progress with time of the evaporation of aromatic
chemicals {up to 30 days).

geranyl methyl ether decreases the tenacity from 2
days to 4 hours. Esterification to geranyl formate
likewise brings about a reduction in the tenacity, to
13 hours, If now the size of the acid radical is in-
creased, the tenacity increases from geranyl formate
to acetate to butyrate, with times of 13 hours, 28
hours, and ca. 3 days (see Fig. 1). The series citro-
nellol (3 days), citronellyl acetate (ca. 1 day), ci-
tronellyl propionate (ca. 3 days) displays a similar
relationship (Table I) and so also do eugenol (ca.
2 days), eugenol methyl ether {ca. 4 days), and
eugenyl acetate (ca. 1 month), (see Fig. 2).

There is likewise a clear parallelism of tenacity
and molecular weight in the case of the formates
studied. With increasing molecular size, the te-
nacity increases steadily from hexenyl formate (ca.
1 hour) via benzy! formate (ca. 2 hours), phenyl
ethyl formate (ca. 3 hours), geranyl formate (ca. 12
hours), to decalinol formate {ca. 1 day). {See Table
L)

The introduction of an additional functional
group can considerably retard the evaporation of an
odorant and thus prolong its tenacity (cf. ethanol
and ethylene glycol). Thus, for example, the two
structurally similar compounds dihydrojasmone and
2-hexyl-cyclopentanone require about 1} and 3
days respectively for complete evaporation, whereas
methyl dihydrojasmonate is retained for over 3
months (see Fig. 2).

All the perfumery “fixatives” that were examined
showed a tenacity of at least 3 months in the experi-
ments made. Nevertheless, the individual results
were very different. D1ethy1 phthalate was almost
totally evaporated after 3 months, but about 30% of
the isopropyl myristate and musk ambrette were
still present. About 60% of the linalyl benzoate had
evaporated, whereas the weight of the benzyl ben-
zoate had only decreased by 25% (see Fig. 3).

In practically all the experiments, the gravimet-
ric and the odorous determinations of the tenacity
gave identical results in the case of aromatic com-
pounds whaose evaporation progressed at a uniform
rate, so that the present results provide data that
can also be utilized in perfume oil compounding.
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404
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1 Dodecannl

2 5-Phenylipentanel-1
1 Linalylbenzoate
o __ 2 Benzylbenzoate
3 Biethylphthalate

. __4 Isopropylmyristate
"5 Musk Ambrette
---==--"1 y-Dctalactone
---------- 2 y-Undeczlactone

Fig. 3: Progress with time of the evaporation of aromatic
chemicals (up to 3 months).

The relationship found between tenacity and
structure class, functional group, and molecular
weight of the aromatic chemicals shows a regular
behavior of these substances and thus allows pre-
diction of their tenacity in the rational synthesis of
new odorants. The parallelism between tenacity
and molecular weight can, however, be primarily
attributed to connections between, on the one hand,
the rate of evaporation of an aromatic chemical and,
on the other, specific molecular properties, such as
vapor pressure, boiling point, polarity, density, and
viscosity

One of a perfumer’s skills is the ability to so use

odorants with similar smell but different tenacities
that a particular fragrance characteristic is empha-
sized throughout a prolonged period of evaporation
of a perfume oil. Examples of these are the pre-
viously mentioned geraniol derivatives and the se-
ries of compounds, hexyl methyl ether, hexanol,
hexyl acetate, and hexyl tiglinate.
Nonuniform rate of weight loss. The behavior of
those odorants that evaporate at nonuniform rates is
considerably less predictable and systematic. In
these cases, either a molecular alteration takes place
during evaporation, or the substances tested are
not homogenous but consist of mixtures of various
components.

It was remarkable that none of the aldehydes
tested evaporated at a uniform rate. In the course of
these investigations, no odorant containing an alde-
hydie group was found whose evaporation rate did
not diminish with increasing time.

In correspondence with this observation, hepta-
nal and decanal, respectively, decreased in weight
by ca. 70% and ca. 40% in the first 3 hours, yet had
not completely evaporated after 3 months (see Figs.
4 and 6). Both substances were olfactorily percep-
tible for about 3 days. By means of NMR spec-
troscopy it was found that, under the experimental
conditions, after about 2 days the residues consisted
predominantly of the corresponding carboxylic
acids, as was also manifested by a change in the
odor. Under the particular conditions, atmospheric
oxidation of the aldehydes commenced as soon as
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Fig. 4: Discontinvous evaporation of odorants {up to 24
hours).

the experiment started. The relatively long tenaci-
tics of up to 3 days, which were determined by
olfactory assessment, can be explained as due to
the considerably greater tenacities of the carboxylic
acids formed. These are therefore exceptionally
good fixatives for the aldchydes. In addition, be-
cause of the great intensity of the odors of heptanal
and decanal, extremely small amounts of these sub-
stances can be clearly perceived.

Citral behaved in a similar fashion, although in
this case almost 90% of the applied weight of ma-
terial had already evaporated in the first 24 hours
{see Fig. 4). The residual 10% consisted chiefly of
geranic acid. In conformity with this finding, the te-
nacity of citral by olfactory determination was

......

Alpha-amyl cinnamaldehyde was odorously per-
ceptible for about 10 days. After 10 days the gravi-
metric measurements showed that about 70% of the
original weight applied was still retained by the pa-
per (scc Fig. 5). The residual small amount of
a-amyl cinnamaldehyde was so greatly reduced in
odor intensity by the carboxylic acid formed that it
could scarccly be smelled. The a-amyl cinnamic
acid formed by oxidalion was retained for about 2%
months (see Fig. 6).

The two homolugues, cyclamen aldehyde and
p-tert-butyl- @-methyl-hydrocinnamaldehyde, re-
vealed practically no loss in weight over a period of
3 months, so that their evaporation could be de-
seribed as approximately continuous (see Ifigs. 5
and 6). Odorously, cyclamen aldehyde can be de-
tected for up to 10 days, while some outstandingly
sensitive noses could identify p-tert-butyl-a-methyl-
hydrocinnamaldehyde even up to 3 months. In both
cases, after only a few days, the amount of carboxy-
lic acid was greater than that of aldehyde, though
even after 3 months more than 30% of the original
amounts of aldehyde were still present. The ready
oxidizability of p-tert-butyl-a-methyl-hydrocinna-
maldehvde, in particular, is well known to every
experienced perfumer, since there is scarcely one
bottle containing this odorant that does not have
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49 Cyclamenaldehyde o
6 p-tert-Butyl-u-methyl- -
hydrocinnamaldenyde

__3 wlonone

_ 4 p-Methylquinaline

_ 5 5-Pheny|-3-methyl-pent-2-
en-1-acid nitrile

--1 Ahitel

--4 Methyl abietate

--5 Geranylbenzoate

Fig. 5: Discontinuous evaporation of odorants (up to 30
days).

Quantity (%}

T T
1 2 3
Time {months})
11 p-tert-Butyl-n-methyl-
hydrocinnamaldehyde

---6 Fixative 404
--~7 Abitol

7 Heptanal
3 Decanal
9 a-Amylcinnamaldehyde ---
10 Cyclamenaldehydas _—

----------- # FMethyl abietate

Fig. &: Discontinucus evaporation of odorants {up to 3
meonths).

numerous colorless crystals around the joint of the
closure, consisting simply of the corresponding car-
boxylic acid. Apparently the crystals of the acid
occlude some aldehyde, so that even after months
some traces of aldehyde are released to the sur-
rounding atmosphere.

Even though these experimental results were pre-
cise and plausible, a systematic basis for the predic-
tion of the tenacity of aldehydes can scarcely be
discerned, since in the case of aldehydes the tenac-
ity is dependent not only on the compound itself,
but also on the rapidity of oxidation, the tenacity of
the carboxylic acid formed, and the fixative ability
of this acid for the aldehyde.

Nonuniform rates of evaporation were also ob-
served, in isolated cases, among odorants that did
not have an aldehydic structure. p-Methyl quino-
line, for example could be readily recognized by
odor for 1 month, although 97% of this compound
had evaporated within 3 days (see Figs. 4 and 5).
The residual 3% retained a constant weight for
more than 1 month, excluding the possibility of
weighing error. The polymerized residues formed
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in the case of this and other compounds with a
pyridine structure apparently have the ability to
strongly fix residues of the readily volatile odorants
for a prolonged period.

Within 10 days, about 90% of a-ionone had evap-
orated, the violet odor also being perceptible up to
that time. The residual 10% remained for over a
month (see Fig. 5). Interestingly, as the time the
ionone had been retained on the paper increased, a
not insignificant increase in the peroxide number
was detectable, suggesting that the residue left after
10 days was, at least in part, a peroxidic derivative
or condensation product of ionone. This supposition
was also supported by an odor reminiscent of de-
composing substances.

The small, but reproducibly determinable, devia-
tion of B-phenyl-3-methyl-pent-2-en-1 acid nitrile
from a uniform evaporation rate (see Fig. 5) can be
attributed to the fact that this odorant was a mix-
ture of the cis- and trans-isomers. The lower-boil-
ing cis-compounds evaporated preferentially within
the first day, so that the content of the higher boil-
ing trans-isomer was progressively increased and
the rate of evaporation reduced. The alteration of
the cis:trans ratio as cvaporation progressed could
be followed by the slight change in the odor. The

tenacity of 5-phenyl-3-methyl-pent-2-en-1 acid ni-

trile was about 1% monthq in good agreement with
the value determined by olfaction.

The related compounds with extremely weak
odors used as fixatives, methyl abietate and Abitol,
are mixtures and in consquence their evaporation
rates were far from uniform, especially in the initial
phase. The methyl ester lost about 10% of its initial
weight within 3 hours and then remained at con-
stant weight over the whole 3-month period of the
test (see Figs. 4-8). Abitol, in contrast, cvaporated
18% of its weight in the first day, the weight loss in-
creasing to 35% within the first month, its residual
weight thereafter remaining approximatcly con-
stant (Figs. 5 and 6). In agreement with these find-
ings, the tenacity of these substances, as determined
by olfaction, was more than 3 months.

The amber body well-known as “Fixateur 404™*
lost weight at a uniform rate, after the first few
hours (see Figs. 4 and 8). After 3 months, more than
75% of the original weight of substance was still
present. According to the olfactory determination,
the tenacity was about 2 months. These findings be-
come comprehensible if it is taken into account that
the odorous component, amber epoxide, is present
as a solution in various almost odorless fixatives, and
in addition, to round out the odor complex, there
are a few percent of readily volatile odorants.

Geranyl benzoate should behave like linalyl ben-
zoate (see Fig. 3). Remarkably, however, the gera-
nyl henzoate lost about 25% of its weight in the
first 3 days and thereafter evaporated only very
slowly, so that about 70% of the initial amount was
still present after 3 months (see Fig. 5). The olfac-
torily determined tenacity of geranyl benzoate was
about 10 days. Analysis of the sample used showed
that the material declared as geranyl benzoate con-
tained about 22% of geraniol. The rapid loss in
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weight during the first few days was therefore al-
most exclusively due to the evaporation of geraniol.
The odorous assessment also related to geraniol.
Pure geranyl bhenzoate has a tenacity far greater
than 3 months and is practically odorless.

In the main, two causes for the nonuniform rate
of evaporation of odoranis were found: the modifi-
cation of the molecule by the surrounding atmos-
phere and the presence of mixtures.

Atmospheric oxygen oxidized, to a greater or less-
er extent, all the aldehydes studied. Oxygen was al-
50 responsible for molecular alterations in other
cases, e.g., the polymerization of quinoline and pe-
roxide formation by ionone. In practice, these oxida-
tion reactions can to some extent be considerably

retarded by an optimal addition of suitable antioxi-
dants.

A nonuniform rate of evaporation was naturally
revealed by mixtures of components with different
vapor pressures. By measuring the change in weight
loss with time, one can readily detect the presence
of mixtures of substances, such as geometric iso-
mers and “up-graded” odorants as well as such im-
purities as starting materials and residues.

Fixation of homogeneous odorants

JRLY (L JRY i W U A
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positions, it is often necessary to increase the tenaci-
ties of odorants, to a greater or lesser extent, beyond
the tenacities indicated by experiments such as
those described. For this purpose, perfumers have
long made successlul use of so-called fixatives, an
investigation of whose effect on the evaporation of
homogenous aromatic chemicals will be described
in some detail in the following. The experiments
were carried out using different aromatic chemieals,
to each of which 10% of a fixative was added. The
fixatives used were: methyl abietate, Abitol, benzyl
benzoate, diethyl phthalate (in part), Fixateur 404,
isopropyl myristate, methyl dihydrojasmonate, and
musk ambrette. In each case, the weight lost by the
particular aromatic chemical was determined, with-
out taking the weight of the fixative into considera-
tion. If the fixative itself evaporated to a significant
extent in the period of the test, the weight-loss data
of the odorant were appropriatcly corrected.

R ¥ S s B Lo pro 1
Evaporation u; ,'uwu aromatic chemicals. On the

basis of the data plotted in Figure 7, it is clear that
linalool, for example, evaporated in 5 to 6 hours.
The addition of 10% (reckoned on the weight of
odorant) or Abitol nearly doubled the tenacity of
linalool, that is, the evaporation rate was almost
halved. However, it was far from possible to achieve
a similar result with all the substances generally
considered to be fixatives. The addition of a corres-
ponding amount of isopropyl myristate had prac-
tically no effect on the tenacity of the odorant.
From this, it was apparent that for each aromatic
chemical, or each class of aromatic chemical, there
was one or only a few fixatives with optimal fixing
properties.

*Firmenich, Geneva,
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The tenacity of citronellyl acetate was almost
doubled by Abitol, whereas methyl abietate caused
no increase. Citronellyl propionate was exceptional-
1y well fixed by benzyl-benzoate. In this- case also,
methyl abietate had the least effect of all the 8 fixa-
tives tested, even though its use almost doubled the
tenacity of the citronellyl propionaie (see Fig. 7).

The rate of evaporation of an aromatic chemical
was not always uniformly retarded by the addition
of a fixative. In the course of .these investigations it
was observed that different fixatives exerted an ef-
fect on the progress of evaporation at times that
greatly differed, but small deviations from the
straight lines shown in the graphs were ignored in
order to show the major effects more clearly.

The tenacity of the valuable “Rosenoxid”
{meathvl-nronenvl-meathvl tetrahvdronvran) wag
RERARLL J A RRETAg A MRV A YA mARy ATy g sy b
tripled by means of Fixateur 404. Isopropyl myris-
tate caused a doubling (see Fig. 8}.

The gravimetric measurement of the evaporation
of fixed aldehydes yielded results that could not be
reproduced in practice, i.e., as an odorous effect in

Quantity {%}
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1 12 12 16 18 20 22 2
Time {hours)

Citronellolpropionate .
Citronellolpropionate + 10% Benzrylbenzoate
Citronellolpropionate + 10% Methyl abietate
Linaleal

Linalool + 10% Abito)?

Linaleol + 10% Isapropylmyristate

1 Citronellolacetate

Citronellolacetate + 10% Abitel
Citronellolacetate + 10% Methyl abietate

Fig. 7: Fixing of homogeneous aromatic chemicals (up to
24 h).

100 ...

Quantity (%)

10 12 % 16 18 20 22 2

Time {hours)

? 4 6 8

Rosenaxid

3 Heptanal + 10%
Rosenuxid + 10%

Fixative 404
----1 ¢itral
---2 Gitral + 10%
Benzylbenzoate
7777777777 3 Citral + 10% Abitel

1
2
Fixative 404 m—————
3 Rosenoxid + 10% -
Tsopropyimyristate
1

Heptanal
2 Heptanal + 10%
Abito

perfume oil. It could certainly be accurately deter-
mined that, e.g.,, heptanal was many times better
fixed by Abitol than by Fixateur 404, and that thc
rate of evaporation of citral was approximately
halved by the addition of benzyl benzoate, where-
as the effect of Abitol was considerably.smaller in
this case (see Fig. 8), but the gravimetric:results
gave no indication whether the aldehyde was fixed
or whether even larger amounts of the correspond-
ing carboxylic acids, formed by atmospheric oxida-
tion, were present.

The tenacity of geraniol was determined as being
about 2 days. Fixation with diethyl phthalate gave a
value of 3% days, and with methyl dihydrojasmon-
ate the tenacity was increased to 5 days. The addi-
tion of Abitol had practically no effect on the evap-
oration rate of dinhenyl oxide, but with muck am-
brette its tenacity could be more than doubled.
Doubling of the tenacity was also achieved by fix-
ing 2-hexyl-cyclo-pentanone with methy! dihydro-
jasmonate, Abitol produced only a 50% increase in
tenacity {(see Fig. 9).

100
S0
B0 1
70 4
60

50 1

Quantity (%)

40
30 1
204
10

Time {daysj
1 Geraniol
2 GeranioY + 10% Methyldihydrojasmonate
3 Geraniol + 10% Diethylphthalate
1 Diphenyloxide
2 Diphenyloxide + 10% Musk Ambrette
3 Diphenyloxide + 10% Abitel
2-Hexyleyclopentanone
Z-Hexylcyclopentanone + 10% Methyldihydrojasmonate
2-Hexylcyclopentanone + 10% Abitol

Fig. %: Fixing of homogsneous aromatic chemicals (up to 5
days).

Quantity (%)

Time (days)

Diphenylmethane

Diphenylmethane + 10% Fixative 404
Diphenyimethane + 10X Diethylphthalate
Eugenol

Eugenal + 10% Fixative 404

Eugenol + 10% Musk Ambrette

a-lonone

a-lonene + 10% Abito]

a-Tonone + 10% Methyl abjetate

Fig. 10: Fixing of homogeneous aromsatic chemicals (up to 10
days).

Fig. 8: Fixing of homogeneous aromatic chemicals (up to 24
hours).
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A clear graduation was also shown by the fixing
of diphenyl methane (tenacity ca. 2 days) with di-
ethyl phthalate (3 days) and Fixateur 404 (4 days).
The evaporation rate of eugenol was reduced to
less than half the unfixed rate by the addition of
Fixateur 404, more than doubling the tenacity,
whereas musk ambrette caused only a 50% increase
in the tenacity (see Fig. 10). In the case of ionone,
as in that of the aldehydes, conclusions of practical
value could be drawn only with difficulty, because
after a few days a residue was formed, which could

gravimetrically, but had an odor that
differed considerably from the original material.
For these materials, the olfactory studies described
in the next section yielded usable results.

These experiments showed that the tenacity of
any aromatic chemical that evaporated at a uniform
rate could, as a rule, be doubled by the use of the
most effective of the 8 fixatives studied, and in a
few cases the tenacity could be tripled.
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Ocimen

Dipentene
Diphenylmethane
Linalool
Tetrahydrolinalool
Dihydromyrcenol
Styrolylalcahol
Isopulegol
Trimethylcyclohexanol
Benzylalcohol
Phenylethylalcohel
Hexanol

Citronellol

Geraniol
Dimethylbenzylcarbinol
Phenylethyldimethylcarbinol
m=-Kresol

Eugenol
Phenylethyliscamylether
Geranylmethylether
Rosenoxide
Eugenolmethylether
Isoeugencimethylether

Diphenyloxide

Dibenzylether
Acetophenone
Cyclohexylcyclohexanone
2-Hexyl-cyclopentanone
Dihydrojasmone

a-Ionone

Benzylformate
Phenylethylformate
Geranylformate
Decalinolformate
Nonylacetate
Isobornylacetate
Geranylacetate
Citronellolacetate
Dimethylbenzylcarbinolacetate
Citrenellolpropionate
Geranylbutyrate
Anisylacetate
Phenylethylisovalerianate
Ispamylcaprylate
y-Octalactone

Heptanal

Decanal

Citral
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A is Abietins3duremethylester: B is Abitol: C is Benzylbenzoate:
F is Isopropylmyris-
tate; G is Methyldihydrojasmenate; and H is Musk Ambrette.

D is Diethylphthalate; E is Fixative 404;

Table II: Fixation of homogensous aromatic chemicals.

— == No determination made.
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Comparison of the tenacities determined by gravi-
metric and olfactory methods. To be of practical
use, the gravimetrically determined tenacities must
be identical or at least parallel to the values deter-
mined by olfaction. Figure 11, for example, shows
the comparative values for diphenyl oxide.

The tenacities indicated by olfactory testing were
less than those measured by gravimetry, but the
gravimetric and olfactory values were in the same
mutual relation in each case. The olfactory determi-
nation of the duration of tenacity also showed that
diphenyl oxide could be well fixed by musk
ambrette, but scarcely fixed at all by Abitol.

In the case of Rosenoxid the values were identi-
cal when the substance was unfixed and when it
was fixed with isopropy! myristate. The tenacity of
the odorant fixed with 10% of Fixateur 404 was
rated considerably higher by olfactory than by
gravimetric assessment (see Fig. 12). Apparently
small unevaporated amounts of Rosenoxid are very

-
==

Diphesyl Oxice

< 10% A +10°% B

Tenacity (days)

il

Fig. 11: Tenacities of diphenyl oxide as
determined by gravimetry (solid bar) and
by olfaction {striped bar). A is Musk
Ambrette, B is Abitol.
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Fig. 12: Tenacities of Rosenoxid as deter-
mined by gravimetry (solid bar) and by
olfaction (striped bar). A is Fixative 404,
B is Isopropylmyristate.
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Average ratings

Kohlen-
Fixative wasserstoffe Alcohol
Abietinsauremethylester 6.0 4.7
Abitol 5.0 4.3
Benzylbenzoate 4.7 4.3
Diethylphthalate 3.7 4.5
Fixative 404 6.7 5.3
Isgprapylmyristate 5.0 3.5
Methyldihydrojasmonate 5.3 5.2
Musk Ambrette 1.7 5.2
*x 4.8 4.6

* Ryerage rating of fixative over all odorants.

Phenol Ether Ketone Ester Aldehyde *

2.5 3.7 3.4 1.5 2.0 3.3
6.5 4.1 3.6 3.2 3.7 4.0
4.0 4.9 4.6 4.5 6.0 4.7
- - - - - 4.5
6.5 4.7 4.2 5.1 2.3 5.0
3.0 4.6 3.5 4.9 5.3 4.3
5.0 3.4 5.2 3.8 4.7 4.5
2.5 3.3 5.2 5.8 5.3 4.8
4,3 4.1 4.2 4.1 4.2 4.4

** Average ratings of all fixatives for each class of odorant,.

Table |lI: Fixation of aromatic chemicals containing the same functional group.

— = Not determined.

readily perceptible to the sense of smell.

In the gravimetric measurements, furthermore,
the evaporation, especially when at nonuniform
rates, was often extrapolated to zero when 1% or
2% of the substance still remained {sensitivity of
the balance used).

In the case of citronellyl acetate, the tenacities
determined gravimetrically and by olfaction were
the same for the unfixed and both fixed samples
(see Fig. 13).

In the case of aromatic chemicals that evaporate
at nonuniform rates, the endpoint of the tena-
city is practically impossible to determine by the
gravimetric method, because in these cases the

Vol. 1, February 1976

highly tenacious residue, except in a few cases, has
no odorous similarity to the odorant originally used.
This is illustrated in Figure 14 for the case of

a-ionone. The olfactory test, in contrast, showed
that Abitn]l was a considerably better fixative for

LTIIGL JALFILUL YOS O Hih 18 Lot i R 03 LT RAOLL

a-ionone than was methy] abietate.

In these comparative experiments, the gravimet-
rically determined tenacities were, for the most
part, confirmed by the olfactory determination.

Statistical evaluation. By a purely statistical evalua-
tion, an attempt was made to find, ideally, a fixative
that possessed better fixing properties than all the
other fixatives tested, or at least to find one fixative

Perfumer and Flavorist/15



with optimal effect for each class of substance, for
example, for alechols, aldehydes, or ketones.

Table II summarizes the results of all the experi-
ments on the fixing of homogenous aromatic chem-

icals. This list gives the most effective fixative in
each series 8 or 7 points (depending on the number
of fixatives tested) and that with the least effect 1
point. The ratings of the other fixatives are inter-
mediate, according to their effectiveness,

Table III is an evaluation of Table II, showing
the efficiency of the different fixatives for odorants
containing the same functional group.

For some classes of substance, clear differences
were found. Thus, most hydrocarbons, for example,
were well fixed by Fixateur 404 and by methyl
abietate, whereas musk ambrette had an extremely
weak effect. Almost all the fixatives tested were
moderately effective with alcohols. Only Fixateur
404 (most effective} and isopropyl myristate (least
effective) diverged slightly from the average. With
phenols, the best fixing was achieved with Fixateur
404 and Abitol, while methyl abietate and musk
ambrette had only slight effects. Since only a few

a-lonone

+10%0 A + 10%0 B

w
1
NNNNN|

Tenacity {[days)
v
1

7
NN 2 4
' ?

* also 10% residue

Fig. 14: Tenacities of «-Ionone as determined by
gravnneh-y (s01ul bar) and by olfaction (striped barj.
A is Abitol, B is Methyl Abietate.

Citronellel Acetate

+10%h A +10°%/c B

2

Tenacity (days)

NNRNN

Fig. 13: Tenacntles of Citronellol Acetate as deter-
mined by gravimetry (solid bar) and by olfaction
(striped bar). A is Abitol, B is Methyl Abietate,
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aromatic chemicals with a phenolic structure were
tested, these data should not be overrated. For the
most part, moderate effectiveness was also found in
compounds containing an ether group. Both benzyl
benzoate, the most effective, and musk ambrette,

+hn leact effactive had qvnrngn vahiee that diveraad
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only slightly from the overall mean. Ketones could
be well fixed with methyl dihydrojasmonate and
musk ambrette, whereas methyl abietate had only a
slight effect on these substances. A good rating was
obtained by musk ambrette as a fixative for esters,
whereas methyl abietate was very poorly rated.
Aromatic chemicals containing an aldehyde group
were outstandingly well fixed by benzyl benzoate,
while methyl abietate had a particularly weak effect
on these compounds also.

Reckoned over all the aromatic chemicals tested,
scarcely one fixative could be nominated as having
particularly good properties, even though Fixateur
404 gained the highest rating. Apart from methyl
abietate, which had the least fixative properties by
some margin, all the fixatives studied were more
or less moderately effective.

Discussion of resvlts

For each of numerous aromatic chemicals, at least
one fixative could be determined that possessed
good fixing properties for any particular substance.
The practical significance of this is that the tenacity
of an aromatic chemical can be increased by a not
insignificant amount by the addition of a suitable
fixative.

Prerequisites for the effectiveness of a substance
as a fixative are, among others, a certain molecular
size and a vapor pressure lower than that of the
odorant to be fixed. The fixing effect is also influ-
enced by viscosity.

From these relationships, it is clear that there is
no clear borderline between odorants and fixatives.
A good fixative can also have good odorous char-
acteristics, for example, musk ambrette and methyl
dihydrojasmonate, and any odorant has a useful
fixative effect if its vapor pressure is lower than that
of the substance that is to be fixed.

Fixation reduces the vapor pressure of an odor-

ant. As a consequence, its tenacity is increased; of
necessitvy. however, the 1n+ppc1hr of its odor will he
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reduced.

On the basis of the statistical evaluation of the ex-
periments carried out, it was not possible to deter-
mine a general relationship between the effective-
ness of a fixative, on the one hand, and its chemi-
cal structure, vapor pressure, viscosity, molecular
weight, dissolving- or absorbing-power, or the struc-
ture of the fixed odorant, on the other. Although the
effectiveness of a fixative is largely dependent on
these material characteristics, it is not possible to

. state the fixative by which aromatic esters or ter-
. pene alcohols, for example, will be particularly well

fixed.

In accordance with practical experience, these re-
sults also indicate that a perfume oil compounded
from numerous odorants with different molecular
structures will be better fixed by a mixture of sev-
eral fixatives than by any single fixative.
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