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A Mathematical Model for Odors
Applied o Binary Odor Mixtures

by Francis Maurin, Université Paris 5, I.U.T., Paris, France

This expanded mathematical model is a modification of
Berglund’s model (1973).1 The modification explains the
elimination of one odor by another, the synergy of odors of
low intensity and the existence of odorless substances,
which have deodorant properties.

To begin, we shall distinguish the“odor” attached to
any substance, even if it is not detectable, from the
“perceived odor” of a substance resulting from the compo-
sition of the “odor” of said substance and the “odor” of the
environment in which it is immersed (generally air), which
we suppose even though it may be odorless.

In the following, we represent the odor of a substance
with the vector of a fixed origin O, and we represent the
odor of the environment with the vector of origin O sup-
ported by the axis Or. Let OA be the vector that
represents the odor of substance A, and OU the vector
that represents that of the surrounding environment. The
perceived odor of substance A will be represented with the

vector OA’= OA +OU . The intensity of the perceived
odor of A will be noted down y, =length of vector OA’ All
of the perceived odors of A, whatever their intensities, will
be represented with vectors OA’, whose extremity A" is on
half-line passing through O such that(OU, OA")=\. If
another substance B exists in the same environment, the
perceived odor resulting from the presence o of A and B will
be represented with a vector OC’'=0A + OB + ou(1).

It may be observed that OC'# OA'+ OB'; that is, it is
the vectors representing the odors that are actually added,
and not those representing the perceived odors (in
Berglund’s model the vectors representing the perceived
odors were added).

We have noted down in Figure 1:

a=(0U,0A) = (OU,0B), A= (OU.OA"), u=(0U 0B,
¥, = length of OA’, ¥, = length of OB,
¥ = length of OC” and u = length of OU.

Figure 1. The notations used for the composition of odors A and B
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Figure 2. A eliminates the odor of B

CI

Intensity and Quality of Odor Resulting from
the Mixture of Substances A and B

WY,.¥,, and ¥, respectively, represent the intensities of
the perceived odors of A, B and C. A and [, respectively,
represent the qualities of the perceived odors of A and B.
The quality of the perceived odor of C will be represented
by (OTOC").

We infer from 1:
W= W+ P, + 2%, W cos(i— M)+

u® —2u¥,cos A — 2u‘I’Bc0s|,t]l/2 (2)

which, in the case of high-intensity odors, may be

v

Yo
_— = —A) (3).
v cos(L—2) (3)

approximately:

(0x,0C "), which gives us the quality of the perceived odor
of the mixture of A and B. is determined with:

(Or.5C) = ¥, sink + W sinu 4
tan (Ox,0CY = W, cosh + W cospt — u ().

Elimination of the Odor of a Substance by that
of Another Substance

In the following, we shall suppose sin > 0 and sinp > 0.

The odor of A will eliminate that of B if and only if the
vectors OC and OA’ are__co- -linear; that is, if
tan (Ox,0C) = tan(Ox ,OA") and then, by applying for

W i o i .
mula (4), if; _TaSmA - Fsinp - sin 2

W, cosA + W cosp —

cos A

The resolution of the above equation gives us

u sinA . T
ey which is only possible if sin (A — ) > 0.
In this way, the odor of B will eliminate the odor of A — if
@ __usinp . A1 B
N s—ln(u N which is only possible if sin (@ —2A) > 0.
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Thus, we can see that if the odor of A is capable of
eliminating the odor of B, the odor of B cannot possibly
eliminate that of A, and vice-versa. This reveals a dissym-
metry in the mathematical model we have just explained,
a dlssymmetry that did not appear in the preceding mod-
els.” Tt also leads to the notion of predominating odor: the
odor of A predominates the odor of B if and only if
sin(A—W) >0, thatisif0 <A —pu<m.

Figure 2 shows us how A (whose perceived odor is of
lower intensity than the perceived odor of B) eliminates
the odor of B.

Synergy of Some Low-Intensity Odors

If, in formula 2, we assume ¥, and W';; to be very small with
respect to u, and more particularly 2(¥,+¥y)

to, be small with respect to wu, we have:
‘}’ =u? - 2u"¥ ycosh — 2u¥ ycosp

‘I’C = u(u — 2¥ cosh — 2¥ cosp)

with 2% cosh + 2¥ cosul <2(W, + Wy)<<u,

and thus v — 2¥,cosA — 2%¥cosp=u, and finally, ¥ . =
which we assumed to be greater than ¥, and ¥, .

We are then able to get, by combining two low-intensity
odors, an odor of much greater intensity than each of the
intensities of the singular odors. One can realize this phenom-
enon in Figure 3, in which the odors in question are such that o

hA
and [ are not very different from . In fact, sin(w — (x)Su—
Fo. .
and then, when - s small, © — o is also very small.
v, . .
In the same manner, when — s small, T — B is also
very small.

Existence of Odorless Substances with
Deodorant Properties

In our mathematical model, we assume the existence of
the odor of the environment in which odorant substances
are immersed. It is thus reasonable to suppose, in our
representation, that there exists a zone Z that has the
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Table 1. Validation of the author’s model (part a)

Mixture Experimental magnitude y EINER SR
f -

A = propanol v v v

AB, A B,

B, = amyl butyrate

0.09 mg/I 6.1 4.2 4.4 0.01
7.7 7.6 4.4 -0.27
12.9 14.4 4.4 -0.48
25.3 28.1 4.4 -0.68

Table 2. Validation of the author’s model (part b)

SR S Oy
Mixture Experimental magnitude y, = M2 A B
2¢,¥,,
A = propanol VY, Y, v,
B, = amyl butyrate 5.9 4.6 9 -0.81
3.0mg/I 7.8 8.8 9 -0.62
15 17.1 9 -0.48
30 33 9 -0.45
Figure 3. The odors in question are such that o and B are not very different from «
CI
[ U X

following property: any vector OA belonging to Z that C' € Z. The condition for that is:
represents the “perceived odor” of an odorless substance tan 8 < tan(O5 ,OC)< tan ¥ or
— < X s <t

A. Of course, OU belongs to Z. Let O be such ) )

that (Ox,0T) =y and OI''such that(Ox.0I)= -v. _sind SOA sina cosy + OB sinf cosy < sin .
We  suppose Z defined by the_A', such that OA coso. + OB cosp +u
-yS(OxOA)Syorn—ys(Ox,OA)STc+y

Case 1: OA cosa + OB cosp+ wu
20 orProj OB <Pro]_OA where A’ is the symetric of

OD at(Or.0D) =7+ -~ and OD"
Let OD be such that(Ox,0D) = ¥+ 2 and OD: such A with respect to O. We then obtain the two conditions:

that (Ox ,OD) = -y + 7 Of course, we suppose 7 is Proj O_B’,< Proj

small, so that cosy> 0. We suppose that A' € Z. (i.e. Ais an Proj;, OB'> Pro]a OA

odorless substance) and we try to find the B' points such )
and B' must belong to zone V (see Figure 4).
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Figure 4. Zones V and W to which B' must belong in order for C' to belong to zone Z

Dl

=0

OA cos .+ OBcos 3 +u

—

l—w

Case 2: OA cos0+OB cos p +u <0 or
ProjGOB’ < Proj_OA. We then obtain the two condi-
x Ox

tions:
Proj_ OB’ < Proj_. OA
OD oD
Proj_ OB’ 2 Proj_ OA
oD' oD'

And B' must belong to zone W, We have darkened zones
V and W on Figure 4 and cross-hatched zone Z. Thus, we
can see in Figure 4 that an odorless substance A has
deodorant properties for an infinite number of substances B.

Conclusion

We now refer to data of W.S. Cain and we look for the
validity of our model.? The data are given in Table I and
Table II with:
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Table 1: A = propanol and we notice (Ox ,0A") =
B, = amyl butyrate 0.09 mg/l and notice (Ox , OB ) =M,.

Table 2: A = propanol and we notice (Ox OA") ﬂ;
B, = amyl butyrate 3.0 mg/l and we notice ( Ox ,OB, =,

First, we notice that the odors of B, and B, cannot be
considered the same odor because y, ™ when ¥, 2 and
y, 2 when ¥, 2. Secondly, in Berglund’s model,

RSP S O

AB|
2V,

ever, we obtain the mean value y,, of y,: y,; = —03.55 with

! must be a constant value. How

Y, =

M = 0.220, which is very great with respect
4
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to -0.355, and thus y, cannot be reasonably considered a References:

constant value. In the same manner, y, cannot be reason-

ably considered a constant value for y,,, = —0.59 with L. B. Berglund, U. Berglund, T. Lindwall and L.T. Stevenson, A
4 - quantitative principle of perceived intensity summation in odor

z, |y21 - yz\/[| 0195 which is great with respect to mixtures, |. Exp. Psychol., 100 29-38 (1971).
4 ’ 2. 'W.S. Cain, Odor intensity, mixtures and masking, Chem. Senses

Flavor, 1 339-352 (1975).
-0.59. Third, it might be imagined thaty, is a linear function avor (1975)

of ¥, , and adjusting v, by the mean of the least squares 3. }R.L,(]l)g(z)t%/3 Handbook of olfaction and gustation, Marcel Dekker
method we obtain from Table I: y* = -0.261 ¥, — 0.0005 e

z"| N | 4. P. Laffort and A. Dravnieks, Several models of suprathreshold

[:lyli “Yim . . ¢ uantitative olfactory interactions in human applied to binary,

and =~ =™ _ (0.087, which is less than 0.220, but q Y PP Y

ternary and quaternary mixtures, Chem. Senses, 7-2 152-174 ( 1982). |

still great with respect to the mean value -0.355.

In the same manner, y,* = 0.011 Y, -0.766
Sy -y, o New Technology:
and ===—=5-0072, which is less than Perfumer & Flavorist Call for Papers
0.125, but still great with respect to the mean value -0.59. Perfumer & Flavorist magazine welcomes articles
Finally, according to our mathematical model, we adjust by from any source. If you have a suggestion that
the mean of the least squares method y* =0 — + B’ would fit under the theme, New Technology, send
A a title and brief summary to Matt Gronlund, Pub-
and thus obtain Yy =329 1 0.744, which gives us I|sher(mgrlolund@ollured.com),onldv\llew!llgel’rbock
Y, to you with comments and an indication if your
2,| | suggestion might make an acceptable article.
Yy, —y*
JhTylM = 0.040 , which is far less than 0.220

(Berglund’s model) and 0.087 (the linear model). In the

same manner, y,* = —2.65 1 —0.300 , which gives us

2’|t/.fy* | A
M=0.051, which is far less than 0.125

(Berglund’s model) and less than 0.072 (the linear model).
Then, we are able to find A, u,, p, and u by resolving the
following system of equations:

cos(it, — &) — “Zojk - _0.744

i —ucosp, = 3.29
88 Hy= o

cos(i, — ) — “0857“ - _0.300

Uy _ ¢
g ~Ucosh, = 2.65

The resolution of the above system gives: A = 25°5, u, =
69°5, u, = —40°5 and u = 7.15, which demonstrates that
Berglund’s modelis not effective because, according to this
model, u may be very near to O, which validates our
hypothesis: the existence of the odor of the surrounding
environment.

Address correspondence to Francis Maurin, Docteur es Sciences
Mathematiques, Ingenieur de I'Ecole des Mines de Paris.
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