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Synopsis—This paper introduces some of the basic concepts of decision
analysis and discusses how decision analysis might be applied to a variety
of decision situations to be found within the cosmetic and perfumery
industry. In particular, the decision situation in which only subjective
information is available is discussed.

Response of the frog olfactory system to controlled odour stimuli:
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Synopsis— The electrical events which occur in the nose of a frog when it is
stimulated with odorants have been studied.

For this study new techniques were developed for applying stimuli of
known composition and controlled concentration in a reproducible
manner. The concentration and timing of the stimuli in the nose cavity
has been monitored by means of a new device consisting of a sampling
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Decision analysis and its relevance
to subjective testing

A. H. CHRISTER*

Presented at the 2nd Joint Perfumery Symposium organized by
the British Society of Perfumers and the Society of Cosmetic
Chemists of Great Britain at Eastbourne on 7-9th May 1973

Synopsis—This paper introduces some of the basic concepts of DECISION ANALYSIS and
discusses how decision analysis might be applied to a variety of decision situations to be found
within the COSMETIC andPERFUMERY INDUSTRY. In particular, the decision situation in
which only subjective information is available is discussed.

Introduction

The purpose of this paper is to introduce the fundamental ideas of
decision analysis and to discuss in particular how it might be employed to
assist in making subjectively based decisions within the perfumery and
cosmetic industry. Here we are not so much concerned with the mechanism
of subjective testing, Pridmore (1), as with the way in which the results of
any such subjective measure might be incorporated into a decision pro-
cedure.

General business use of decision analysis is very much in its infancy, but
growing. Perhaps the main gain to be obtained by the use of such analysis
is that it enables decisions to be made in a logical manner, consistent with
available information and the designated objective of the decision-maker.
In this sense its use can be said to enhance management’s ability to make

eDepartment of Operational Research, University of Strathclyde, Glasgow.
159
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good choices in situation of risk and uncertainty. Of course, many decisions
can be and are made without any fuss because the best solution is obvious.
When this is not the case, however, decision analysis can provide a frame-
work within which the pertinent decision may be discussed in a logical and
objective fashion.

The decision procedure

We define here some of the terms and concepts of decision analysis. In
essence, the decision process can be represented as follows:

Possible Problem situation

actions Outcome

Here the decision-maker views the alternatives available and selects that one
which leads to the most desirable outcome. For a decision to be taken, it is
clear that:

(a) there must be at least two or more alternative courses of action
possible;

(b) the process of decision will select from these alternatives only one
course of action which will actually be carried out; and

(c) the selection process is made so as to accomplish some designated
purpose.

Alternatives, or strategies
Alternatives or strategies comprise all the factors which are within the
decision-maker’s control. Such factors could be the following.

How much/many to make.
What type of advertising media to use.
What size and shape of container to market a product in.
A stock control policy.
The size and location of a new factory or extension.
We denote the zth strategy by Xr
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Environments

The assemblage of all factors outwith the control of the decision-maker
constitute the environment. States of nature and environments are inter-
changeable terms. Possible environmental factors are:

weather conditions a price index
availability of raw material availability of labour
cost of raw material competitors’ marketing strategy

demand for a product
A particular choice of strategy could influence an environmental factor but
not determine it, e.g. advertising policy and demand for a product. Unless
otherwise stated, it is here assumed the environment is under no intelligent
control. Should such a control exist the situation is likely one of gaming.
We denote the /th state or environment by Z}.

ResultlOutcome
The result is the outcome R that will be observed when a given strategy

X. and specific environment Zj appear together, and is denoted by Ry.
Clearly Ry is some function of both A, and Zp so we may write

Ru=Axo02Z)-
If in any situation this function were known, for example Ri} = aXi+ bZf
the result of each strategy environment interaction could be calculated.
Such a result might be written as follows:

Results Environments

z\n 2 73 M4

w M A2 M3 M4
Strategies rR2i RBRBRrRA
x3 131 32 ~33 34

Possible sources of difficulty

This simple notation conceals a number of problems. For example, it
may not be possible to identify and define all environments pertinent to a
specific decision. The environments considered in any decision situation will
be those the decision-maker thinks most likely to occur or influence the
problem. Obviously the sheer size of certain problems will cause some
environments and strategies to be disregarded. It is interesting to observe
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that this possible restriction exists whether or not decision-analysis is used,
and represents an initial and subjective identification of a ‘sub-decision’ on
the part of the decision-maker. Starr (2) refers to the resulting problem as
decision-making under ambiguity.

A second difficulty can arise when evaluating the results /A. This matrix
can sometimes be compiled by direct observation, but more likely costly
experimentation or an operational research type study is required. White (3)
defines the process of evaluating Rt given environment Z; and strategy X.
as the object study.

Having determined Rip there is still the problem of deciding an order of
preference between results. Any specific result R could be viewed in a
multitude of ways. Consider, for example, the decision concerned with the
selection of a marketing policy for a product. The results of various policies
could be measured by

/q = value of sales in the first 6 months,

/® = value of sales in the first 2 years,

r3 = total net profit gained over first year,

[+ = expenditure on advertising over first 6 months.

Clearly there are numerous other measures one might be concerned with
here such as possible counter measures by competitors, etc. If the result R is
restricted to the above four measures, we see it has the form of afour-dimen-
sional vector R(ru r2 rz, /4 with different strategies and environments
giving rise to different values of rv Suppose the two possible strategies Xv
X2 (under a specific environment) give rise to

-> R(5 000, 23 000, 2 000, 1400)
Z2->R(8000, 19 000, 1900, 1 850)

which result is preferred? Before this question is answered it is necessary for
the decision-maker to have a clear idea as to his objectives in making the
decision. Perhaps the objective is to maximize profits. If so, over what period
of time? Should a period of time be specified: presumably the decision-
maker would wish to select that policy which maximizes his profits over this
period, subject to his company being in a viable trading position for the
subsequent period of time. The true objective is seldom simple in reality and
will likely be reviewed within a dynamic context.

There are some techniques available to assist with this preference
selection procedure. Suppose in the above marketing problem the decision-
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maker decided that the order of paramount importance and concern was
r3 r4, r2and ru and a fractional increase in r3was preferable to any increase
in /4, r2and rx: that a fractional increase in r4was preferable to any extent of
increase in r2and rx: and that an increase in r2was superior to any increase
in t\. Then the order r3 r4, r2and rLis a lexicographic ordering (3) of the out-
come parameters for the decision-maker. His choice of R would be that
with the best value of r3 Should two or more policies have the same best
value of r3, the choice is made between them on the basis of the next most
important variable r4, and so on.

Alternatively, it might be possible to determine a value function V, whose
argument is an outcome Rs, with the property

V(RS > V(R)

if and only if Rsis preferred to R, (3). Clearly the decision function is
itself dependent upon the decision-maker. The existence of such a decision
function reduces the selection procedure to a mathematical problem,
namely find R* where

V(R)* = max V(R)).

Yet another approach to the problem exists using utility theory (4). Here
each outcome is given a single numerical value (utility) which reflects
its desirability as measured by the decision maker. The most desirable out-
come is that with the greatest utility.

The final difficulty we shall mention here is that due to the uncertainty
introduced through the unknown environment Z. According to the type of
uncertainty, decision problems are divided into those of certainty, uncer-
tainty and risk. In what follows, we will assume the result R can always be
determined, and furthermore, that it is a scalar quantity such as cash or
time. This being so, most of the difficulties mentioned in this section will
not apply.

Decisions under certainty

In this case an outcome R is known for certain once the alternatives are
specified. Any uncontrolled events are assumed known or irrelevant to the
decision. Here either the environment is unique or the decision is indepen-
dent of the environment. Thus the result R is a function of X only, i.e.
R = R(X)).
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A typical problem of decision under certainty is the selection of a
production schedule when the cost and times associated with production
are known. For example, consider a company about to manufacture a
quantity of three cosmetics or perfumes, A, B and C. Before production can
begin there is a certain amount of preparation required, such as adjustment
of machinery, cleaning of apparatus, etc. The standard of preparation is
dependent upon the product to be manufactured, and the amount of
cleaning is dependent on what the plant produced last and what it is to
produce next. Let these ‘set up’ costs in suitable units be as follows.

followed by
A B C
A — 5 12
1st product B 4 — 10
C 8 2 —

The problem is to select the production order A, B, C, A, C, B, etc, soasto
minimize the set up costs. Each order (A, C, B) is a possible strategy Xr
This problem is conveniently tabulated by means of a decision tree, as
follows.

Circled numbers represent the set-up costs for the associated product under
the policy concerned. Clearly the best policy from the point of view of such
costs is (C, B, A) at a minimum cost 6.

In terms of the decision problem the above problem is as follows.



DECISION ANALYSIS 165

Z x- one environment

Al
xL  *21= 14
x 3 *21=16
X\ A',= 18 optimum Ry - 74l
x5 13 therefore decision is x6
*6 R\= 6
= (B, A, C) x, = (C, A, B)
x\ = (B, C, A) A6= (C, B, A)

Decisions under uncertainty

Decisions are sometimes made in a situation in which environments can
be identified, but nothing is known as to the likelihood or probability of a
specific event pertaining.

To be specific, consider a cosmetic company who have produced an
innovatory skin preparation. Suppose they are considering the price at which
to market the preparation, but as yet have no ideas as to the likely market
response, that nothing like it has been marketed before and, as yet, no
consumer test has been conducted. Management may be willing to consider
the market response (environments) on a three-point scale, poor, average and
good. Suppose further the strategies are to market the product in one of
three sizes at a cost of £2, £1.50 or £1, and also, associated with these
strategies and environments, an estimate of the likely profit over a year has
been established as follows.

Profit (suitable

units) Good  Average Poor

6, (£2) 7 3 15

Strategy X2 (£1.50) 3 4 4
*3 (£1) 4 2 5

Hence the decision-maker has to choose between the policies Xx, X2and X3
knowing nothing whatsoever as to the likely market response. Clearly the
headings good, average and poor may be erased at this point since they
communicate no usable information. Assuming the objective is to maximize
profit over the year, how is the choice to be made?

Laplace’s criterion for this choice is based upon the Principle of In-
sufficient Reason. Here there is no reason to suppose one environment any
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more or less likely than the other. This being so, environments are assumed
equally likely and strategies accordingly measured by the average outcome
across the environments. Thus we have Xx ~ 11.5/3, X2 ~ 11/3, Xs — 11/3
and Xxis accordingly chosen.

There are many other ways of making this selection. Each policy could
be viewed in terms of its worst possible outcome, in which case X2would be
chosen since it has the best worst outcome. This procedure of choice is the
pessimist’s criterion of Wald. Of course, one could equally well make the
choice on the basis of the very best possible outcome, or a mixture of the
best and worst outcomes.

One selection criterion of interest to us here is that due to Savage-
minimax regret criterion. The selection is made on the basis of the policy
with the minimum maximum regret where, for each environment, regret is
measured as the difference between what was obtained and the best that
could have been obtained had the environment been known. For the above
problem, we have for the regrets:

Regret Good  Average Poor  Max regret
XX 0 1 35 35

X, 4 0 1 4

X, 3 2 0 3

The chosen strategy is here X3since it has the minimum maximum regret.
Now suppose initially market prices of £2 and £1 are considered. If the
decision-maker were to choose on the basis of Savage’s criterion, the price
would be fixed at £2. However, we have just seen using the same criterion to
choose between £2, £1 and £1.50, the choice is £1. This irrational behaviour
is caused by the criterion concerned being non-transitive. Transitivity,
sometimes referred to as coherence, is a very important concept in decision
analysis. A decision-maker’s preferences are transitive if, when A is preferred
to B, and B preferred to C then A is preferred to C. With this condition
unsatisfied, the decision-maker has no best choice between A, B and C.

Few business men would be content to make decision under conditions
of uncertainty. Most likely they would attempt to obtain further informa-
tion as to the prevailing environment. This leads to a situation of risk.

Decisions under risk

In the case of decision-making under risk, the decision-maker assigsn
probabilities to each of the environments indicating his degree of belief that
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each particular one will prevail. The probabilities may either be objective or
subjective in nature.

Consider the situation of a marketing manager whose firm is contem-
plating a special promotion for a new product during October and must
decide upon the promotion now. Assuming his objective is profit maximi-
zation over a specified period of time, there are two alternatives open to him

XX approve the promotion,
X2reject the promotion.

It has been calculated the production and promotion costs will be £100 000.
No objective information is available concerning customer reaction, but it is
assumed customer reaction can be measured on a three-point scale say,
‘very favourable’, ‘favourable’ and ‘unfavourable’. The manager summa-
rizes his feelings about the various categories in the following table.

Very
Profit favourable Favourable Unfavourable
£ z2 N2 Z3
X i 250 000 60 000 -100 000
*D 0 0 0
P(Z) 0.4 0.3 0.3

p(Z) is a probability (subjective in this case) giving a measure of the mana-
ger’'s personal degree of belief the various environments will prevail. It is
suggested a decision should here be made on the basis of expected outcome,
that is for each policy Xh the choice is based upon

X,~JjRvp(Z). 1)
In the present case, therefore,
~ £250 000 x 0.4 + £60 000 x 0.3 - £100000 x 0.3 = £88 000
X2~ £0 x 04 + £0 x 03 + £0 x 0.3 = £0

and policy Xxis chosen since it has the greatest expected value £88 000. It
is assumed here the decision-maker has no overpowering objection to the
possible loss of £100 000. Of course, the decision-maker will never actually
get £88 000 in any single case. Clearly his gain is fixed as one of £250 000,
£60 000, —£100 000 or £0. The interpretation of this result is: if the situation
is as represented in the above table, and the identical decision has to be made
not once but on numerous independent occasions, then the expected average
return from policy X1is £88 000.

Vifya isiivitnfl tfla
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An obvious problem here is, of course, determining the probabilities of
customer reaction. Some objective evidence may be available based on
experience with similar problems in the past. Either way, the marketing
manager has his own opinion, albeit subjective, as to the likelihood of
various events. With or without this approach the manager’'s decision will be
based upon the available information such as it is. This particular format
asks that his opinion become numerically explicit and that the decision be
arrived at in a logical fashion, consistent with his beliefs. Further reading on
this point of an introductory nature may be found in Raiffa (5) and Lindley

(4).

Information problem

Only a rather unusual kind of marketing manager would seriously
consider launching a new and untried product to the extent of a £100 000
investment without some quantitatively based information as to the likely
market response. Most probably he will spend some time and money so as to
conduct a market survey to sample the response for his product. This being
the case, how much should he be willing to pay for a market survey? It is
suggested the value of information should be measured by the extent to
which the expected return on a consequential decision increases due to its
use.

Let us return to the above problem and assume the information derived
from a market survey is perfect, that is the correct environment would be
determined. With this assumption we have for the expected return to be
realized under a policy X3—conduct a market survey and invest if the
environment is found to be favourable and do not invest if unfavourable.

Very
favourable Favourable Unfavourable
Profit Zi z2
X 3 250 000 60 000 0
p(2) 0.4 0.3 0.3

Here the probabilities express the marketing manager’s degrees of belief the
market survey will indicate each particular environment prevails. The
expected value of X3 is seen to be £118 000. Consequently, using a market
survey, the manager would increase his expected gain by £118 000—£88 000
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= £30 000, and would be unwise to pay more than this sum for the survey.
More generally, the expected value with perfect survey information is

@)

The value of information is therefore given by

©)

Another way of arriving at the ‘value of information’ is to consider the
effect it has had upon the decision. If environments Zx and Z 2 prevail, the
purchase of information has added to the costs but not to the return since
decision X1would have been taken anyway. If, however Z 3 prevails, the
purchase of information prevents a loss of £100 000. Since the prior prob-
ability of Z 3is0.3, the information offsets an expected loss of £100 000 x 0.3
= £30 000.

As already stated, on expected value grounds, provided the cost of a
market survey is less than £30 000, policy three will be selected. In other
words, a market survey will be carried out and policy Xx or X2 selected,
depending upon the findings of the survey. This analysis indicates whether
or not a market survey can be justified in a manner consistent with the
manager's knowledge and judgement of the situation as expressed by his
probability distribution p{Z).

Imperfect information

The assumption of infallibility of a market survey is, of course, not
realistic. Accepting the fact that such tests are subject to error, how much isa
survey worth and how would the results be used? Presumably one would not
pay more for imperfect information than one would for perfect information.
Here the decision-maker may or may not have a high prior feeling as to the
potential of his new product. He may or may not conduct a market survey
which may or may not endorse his views. This situation is best represented
by a tree as follows, where a positive and negative test result represents a
survey recommendation to market and not market respectively Six
possible decision points can arise (A, B, C, D, E, F). First consider E.
and F. Here the decision is based only on the manager’'s prior knowledge
and would, presumably, be made in accordance with section on ‘Decisions
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Manager s prior Survey conducted ? Survey result
opinion of the
product

under risk’. If a survey is undertaken, the decision point could be A or D,
that is the manager’s prior notion and the market test are in agreement. If
this is so, the test has contributed to the cost of the decision but not, pre-
sumably, to the actual return on the decision, since the same decision for
points A and D will likely be made as for points E and F respectively.
Consider the remaining decision points B and C. Here the survey results and
manager’s priors are in conflict and we still have a problem. Is the decision to
be made on the basis of the manager’s priors, the survey information or
perhaps a mixture of both? It would appear the purchase of imperfect
information is either costly and useless or leads to a situation equally
imponderable with the initial decision! To confuse the issue further, at any
particular stage the actual environment is unknown. In other words, even if
the manager’s prior feeling and the test result are in agreement, they could
both be wrong!

Bayes theorem gives a way out here. This is a theorem concerning
probabilities and may be written (4)

p(Z and X)
)

p(Z IX) =
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In words, the probability of an environment being Z, given information X,
is the probability of Z and X divided by the probability of obtaining infor-
mation X. Since p(Z and X) = p(X and Z), we have

P(Z\X)p(X) = p(X\Z)p(Z). (4)

Returning to our problem, the manager has a prior distributionp(Z) for the
probability that various environments will prevail, and based solely on this
information would make a decision on the basis of that policy X, which
maximizes his expected return 1/%/X'Z,).

Having now received the inforn%ation X, say, of the survey, presumably the
manager can be expected to ‘revise’ his probability distribution from p(Z)
to p{Z |X)—that is the probability of Z given information X. This being the
case, the expected return on policy X (is now

m ii{Zj 1x)p(x)
which using (4) becomes

IR jP(X |Z.MZ.).

]

In the particular case under discussion, there are two possible pieces of
©
information X resulting from the survey: X—a favourable environment and

@
therefore advise invest, and X—an unfavourable environment. For each

value of X, the policy leading to the greatest expected value will, of course,
be selected. This being so, the expression may accordingly be written

EV(Xi) = I {max ~RijP(X \Zj)p(Zj)

X * i

@ . . @
= max ZRyPtX \Z.)p(Zj) + max ~Ri]P(X |Z;)p(Z;). (5)

i i j

Suppose, for the purpose of demonstration, an analysis of past experience
with survey tests indicates they can be expected to give the correct result
some 80% of the time (it is assumed the statement ‘correct result’ in this
context is understood). This being so, we have the following situation.
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Very
Profit favourable Favourable  Unfavourable SRiP(X Zj)p(Zi)
) @
z, A z3 X X
T 250 000 60 000 - 100 000 88 400 - 400
w 0 0 0 0 ‘0’
P(2) 0.4 0.3 0.3
(i)
p(X 12) 0.8 0.8 0.2
@
piX 12) 0.2 0.2 0.8
(i)
For X. = X, X = XIt T-R{P(X | ZJ)p(Zj) is given by
250 000 x (0.8) x (0.4) + 60000 x (0.8) x (0.3) - 100000 x (0.2) x
(0.3) = 88 400
(2
and for X1, X by
250 000 x (0.2) x (0.4) + 60 000 x (0.2) x (0.3) - 100 000 x (0.8) «x
(0.3) = - 400.

From expression (5) we now have for the expected value of XXand X 2using

the imperfect survey inform ation
EViXj) = £88 400 + £0, EV (X2 = go.

Thus the value of perfect inform ation is given by

£88 400 - £88 000 (expected value without inform ation) = £400, and the
@
decision procedure is XXif X obtains, otherways X 2
Evidently the manager would be ill advised to pay more than £400 for
this particular survey since the expected value of his decision will only

increase by this amount. Itis amatter ofcommon sensethata manager with
a low opinion as to the marketability of a productis unwilling to pay much
for further inform ation. The above process provides us with a numerical
value for this inform ation. A slightly more general expression for the value
of imperfect inform ation here is

1tm ax |R ijp(X\NZJIp(Zj) \ - max | Eyp(Z.)

zL/ | J j ]
w hich represents the difference between the expected value with imperfect
inform ation and that without it.

This, the Baysian approach to a decision problem, uses all the infor-

m ation available in a logical and consistent manner to analyse the decision
situation. W hen evaluating a numerical measure of the expected conse-

quences ofa particular choice X f, use is made of both the manager’'s priors
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and the sample result X. This seems reasonable since the inform ation X is a
function of the number of people surveyed, the format of the survey, etc.,
whereas the manager's priors P(Z) are based upon a different source of
inform ation, namely his experience and knowledge to date. Here the
broadest possible data base is used for the decision. For further reading on

this topic, the reader is recommended to look at (4) and (5).

Subjective tests and information

In the previous section are discussed the use of inform ation which was
essentially an objective measure of a specific quantity such as market share.
W e discuss in this section the value and use of tests and inform ation which
are subjective in nature.

Consider the situation of, say, a soap manufacturer who wishes to per-
fume his product. His procedure mightbe to compile a perfume specification
and duly invite say six perfumers to submit a sample as tender. Presumably
the perfume specification indicated any price lim it the manufacturer wished
to impose. If all six perfumers submit tenders, the manufacturer needs to
choose between six perfumes, ,Sj, SO, S3, s4, S5 S6for his product.

It appears a common method employed to make this choice is to use a
consumer panel. Here a team of 30 or so individuals are requested to give
their opinion and preference on the samples S;, and a particular one S*
selected on the basis of this inform ation. Such a process has the attraction
ofbeing simple to operate and also ofavoiding any real decision on the part

of the manufacturer in a highly subjective area.

Panel tests

An obvious question here is how one would recognize a good choice of
S* and also whatis expected of it? Before we discuss these points further, it
w ill be useful to consider some possible problems associated with a panel
test ofthe type described above. We shall assume each and every member of
the panel to be acoherentindividual capable ofgiving an informed opinion.

Being coherent individuals, their preferences are transitive in that if
SfS . and S.PSkthen SiPSlk

where P denotes preferred to.

Suppose three firms A, B and C have submitted perfume tenders, and the

preference orderings of a seven man panel is as follow s:
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Panel
member

~No b WwN R
0O0OmWwW> > >
TTUUUTUTUU
WW>>WWW
TUVUUTUTUT
>>00000
TwWwWww>> >
TTUUUTUTTUDO
>>>P>WWOWE

three samples two samples

Now, if N(Y) is the number of times perfume Y is the most perfumed
choice, and the group decision is made on the basis ofthe highestvalue of
N (Y), with some further criterion for decision in the case of a tie, in the

above case with three samples we have,
N(A) = 3, A(B) = 2. A'(C) = 2

Accordingly perfume A is selected out of the set A, B and C. If, however,
only two samples are considered by the panel, say A and B, we see from the
second table above which is obtained by deleting perfume C from the first

table,
N(A) = 3, AB) = 4

and so B would be chosen from the set A, B.

In short, even though each member ofa panelis coherent, it is possible
for a group decision procedure to be incoherent.

As a further example of the kind of problem that can arise in group
decision-m aking, consider the following three panel member, three product

problem

Panel 1 A P B P C
member 2 B P C P A
3 C P A P B

Let the mechanism for producing a panel choice be as follows: each indi-
vidual ranks the alternatives as shown: for each pair (X, 7), the number
N{X,Y), being the number oftimes perfume X is preferred to 7, is deter-
mined: the alternatives for the panel are then ranked on the basis of the

numbers N (X, 7). we find that

N(A, B) = 2 N(B, A) = 1
A(B, C) = 2 N(C,B) = 1
N(C,aA) = 2 N(A, o = 1
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If the first pair discussed is A . and B, B is discarded in favour of A. In the
next comparison between A and C, A is discarded and perfume C selected.
Now, had the first perfumes compared been B and C or A and C, the choice
would have been A and B respectively. Thus we have a panel of coherent
members with a decision rule for obtaining a group choice which has the
undesirable quality of being dependent upon the order of consideration o f
the samples.

It is now evident the process of obtaining a group choice needs to be
transitive, or coherent, if any wuseful inform ation is to result. W hat is
required is a ‘W elfare function, W\ whose input data are the coherent
preferences of the panel members, and whose output are the unique panel
choice. This function is, by definition, a coherent function.

W e return for the momentto the question ofrecognizing a good choice
S* from S..Itis evidentthe choice S* is afunction ofboth the specific panel
used and the welfare function— or panel choice procedure. It is arguable
that by having a sufficiently large panel, the individual preferences ofpanel
members will in some sense be evened out and two panels of similar com -
position and sufficiently large size would be expected to give the same choice
given a specific welfare function. This assum ption is directly measurable.

If, as is often assumed, a sufficiently large panel will produce a choice
w hich is more or less independent of the individual panel members, the
choice S* is directly determined by the welfare function used. This being so,
the main choice the soap manufacturer has to make is the selection of a
welfare function W.Presumably he willvalue highly any welfare function he
believes reflects the preference ofthe marketatlarge. How can this selection
of welfare function be made?

Suppose the manufacturer has, say, two possible welfare functions, Wr
and W2 and is contem plating perfuming a product. Following the usual
procedure, tenders <S;are invited and a panel testto determine preferences
duly conducted. Since the market as such might object to the particular
product in question being perfumed, the manufacturer may well append a
non-perfumed product SOto those submitted to the panel. Now, if both

welfare functions give the same choice, that is

WAS, SO = W2SPSO = 5+

the perfume choice S* is clear. If this is notthe case, the welfare function to
choose is ideally thatwhich will lead to the greatestincreased profit for the

manufacturer over a specific period. An analysis ofpast occasions in which
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Wland W2have been used could resolve this issue on the basis of expected

increase in profit due to the selection procedures Wland W2respectively.

The perfumer's tendering decision

Consider now the situation ofthe perfumer when selecting a particular
perfume to tender for a specific contract. In the normal course of events,
the perfumer might create three or four possible candidates in response to
the perfume specification and then choose one as a tender. How can
this choice be made? There are two classes of problem here.

(a) The perfumer knows the customer’'s (soap manufacturer) welfare

function W.

(b) The perfumer is ignorant of the customer’'s welfare function.

W elfare function known

Here the perfumer has the opportunity of performing a panel test
him self and use the known welfare function to identify which, of his set of
perfumes, would be the most desirable according to the customer, and so
increase his chance of gaining the contract. How much is this increased
chance worth to the perfumer?

Suppose over the past 50 tenders subm itted for similar types ofcontract,

the following inform ation is available.

Number of tenders Number of contracts

awarded
X j—no panel test used 25 8
X t— panel test used 25 12

On the basis ofthis inform ation, the probability of a successful tender given
no panel test is used in its selection is p(S |XJ = 8/25, = 0.32 and that
when a panel test is used is P(S |X2 = 12/25 = 0.48. This is a quantified
expression ofexperience to date. Consider a new contract worth £4 000 say,
in which the development costs are £300, and should the subsequenttender
be accepted, expected production cost of £1 000 would be incurred. If a
panel test costs £250, should it be used?

The following actions are open,

(Zj) do not tender,

(Z2 tender, but do not use a panel test,
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(X3 tender and use a panel test with known welfare function to select
sample. If S and S1 denotes the events tender accepted and rejected

respectively, we have the following situation:

Policy Payoff Probability
y s1 S S1
0 0 0 1
2 700 -300 0.32 0.68
A, 2 350 -550 0.48 0.52

Accordingly, we have the following expected values for the various policies

EV (X1 = £o0
EV(X2 = £2 700 X (0.32)-£300 x (0.68) = £660
EV{X2 = £2 350 x (0.48)-£550 x (0.52) = £842

Based upon previous experience, therefore, if the sample selection decision
were to be based upon the expected values of policies XX, X2and X3, pro-
cedure XSwould be chosen.

The above example embodies numerous assumptions which may or may
not be acceptable in any particular case. For instance, the data table ofpast
tenders is in a very idealized form . In any particular organization it could be
that the chances of obtaining a contract were dependent upon the number
of, and particular firms competing, the size ofthe contractaswellaswhether
ornotapaneltestis used. Hopefully, however, inform ation w ill be available
to determine a probability measure for the likelihood ofsecuring a contract
of a particular size and type given XXand X2 It is worth noting here that
with policy X2 the manufacturer's welfare function is known, butnot used
explicitly. No doubt knowledge of W will in some way influence the sample
selection under X2 A consideration ofhow X2mightbe made is discussed in

part in the next section.

Welfare function unknown

W hen the manufacturer’'s welfare function is unknown, the perfumer is
unable to determine the customer’'s preference for the three samples say
produced. This being the case, whatis the pointin the perfumer performing
apaneltest, presumably with his own welfare function? For allthe perfumer
knows, the manufacturer’'s group decision procedure could be incoherent!
Selection procedures have been used in the past and it is not unreasonable

to judge them accordingly by their results.
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Past selection decision could be analysed according to contract value,
expected profit, number and type ofcompeting companies, whetherornot a
panel test was used, etc., and the recommended selection procedure based
upon this analysis. Suppose, for the sake of sim plicity, it appears reasonable
to assume the likelihood ofwinning a contractis independentofthe number
offirms competing, and also the value ofthe contract. (Ifthese assum ptions
are notvalid, the same subsequentanalysis may beperformed butconsidera-
tion restricted to, and based upon data from contracts within a value range,
say £8 000-£ 10 000, and w ith a specific number of competing firms.)

W e have, therefore, inform ation such as

Number of

contracts S sl
*3 3 m3
Xt «2 m2

where the number of successful and unsuccessful tenders selected on the
basis ofa paneltest (X3) and a specific welfare function W are N3and w 3etc.
Based upon this inform ation, the probabilities of successful tenders using

and not using a panel test are respectively

»3 »2
P(S\X I~
«3 + '«3 «2 + mi

On the basis of these probabilities the same cost analysis as before may be

performed.

Non-panel decision
Under policy X¢ the selection of the tender sample is made within the
company without recourse to a panel test. Presumably the decision or

selection criterion is some function of the considered opinion of perhaps

a(l) the chiefperfumer; a(2 the marketing manager; and a(i)the produc-

tion manager.

Each ofthese individuals has his own opinion as to the mostlikely candidate
to submitas atender and this opinion is based on his or her own subjective
understanding and knowledge of perhaps current trends and fashions in

perfumery, or even upon some subconscious consideration. |If the individual
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preferences ofthese experts have been recorded along with the actual group
choice XZ,— or was to be recorded over a period oftime, inform ation ofthe

following nature would be available.

Number of occasions Number of occasions
i/b and X s agreed a® and X 2 disagreed

Result of tender aW

S S1 unknown

7 18 0
a(l) 5 6 14
a<> 6 7 11
a<3> 4 1 20

This table indicates the number of times each individual agreed with a
selection which was subsequently found to be either successful or unsuccess-
ful, or to have disagreed with a selection decision which was unsuccessful.
Accordingly it is possible to associate a prediction measure to each of the
individuals and so identify, on historic grounds, the ‘best predictor. One
possible such measure is to give, say, one mark to each correct prediction,
0O to a known incorrectprediction and perhaps \\n (where Nisthenumber of

competing firms) in the case of an unknown result. Thus, if N = 4 we have

for a preference measure

2 = 7
a(l) = 8.1/2

a2 = 8.3/4

In this particular instance, the current practice of using X2could be super-
seded by any a{i)with an anticipated increase in successfultenders. The best
apparentpredictoris, ofcourse, a(:i\ orin this case the production manager.
W ith a(3)the prior probability measure ofsuccess is 9/25 = 0.36 as opposed
to 0.28 with X2 Clearly such a prediction measure could and should be
updated as results of each tender become available.

Care must be taken when deciding upon a ‘measure’ of prediction
performance. Above we used the principle of Insufficient Reason to assign
equal probabilities to a set of events of unknown probability. Equally well
one may have reasoned as follows: the production manager has made 25

selections, five of which we know split into four successful selections and
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one unsuccessful. It might be assumed, therefore, the unknown results will
split in the same ratio given a total of 20 successful selections and five un-
successful selections. Here there is a danger ofputting too much trustin too
little inform ation. If, for instance, another party, the Managing Director,
say, had only agreed with X2once, and on this occasion the selection was
successful in gaining the contract, his expected prediction rating would be

top at 25, or 100% .

Panel test used
If a panel test is used, the perfumer has the task of selecting a welfare
function W. There are two immediate approaches to this problem .

(a) Knowing the preference orders of panel members over past sets of
decisions, it is possible to experiment with various welfare functions
over this data and perform an analysis similar to the above, where
individual preferences a(,) are now replaced by welfare function
selection W (0. That welfare function WO) leading to the best ex-
pected number of successes is then selected. O fcourse, this analysis
may be complicated by different costs associated with evaluating the
various welfare function. The analysis of non-panel decision would
presumably be incorporated here by defining JT() = a(l\ W (2Z=a()
etc., thatis the relative effectiveness ofthe simplest welfare function,
an individual's preference, and more sophisticated function W{'\
i> 3, would be measured.

(b) It might be possible, knowing the soap manufacturer’'s problem, to
predict to some degree the welfare function, or likely welfare
function, W™* of the manufacturer. Suppose the perfumer thinks
welfare function W1 W2 ... Wnare likely candidates, and also in his
opinion the probability of WXbeing used is PXand in general of Wi
being used is Pj etc ... i = 1, -, Nn.

If there are three possible tender samples to choose between SX, S2 S3

using function W;j the choice is Sj* = Wi(Sj), i = 1, -, n. we form a

weighted sum ofthe number oftimes Sjis selected as S*, namely N (St =

Zpp where / is such that S* = 3.
J
The selection is then made on the basis of selecting Sj to maximize
N(Si). An example will make this procedure clear.
Ex. WXS2 52 S3 = Si = Sx* Pi = 0.2
W2Si, $2,S3 = % = Pi = 0.2

W3SV 5253 = % P3- 03
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JVi(Sh S2S3) = s2 = sa* Pi= 01
WK{Si, SaS3 = Si =Sr* p5= 0.1
fV6(Si, S2S3 = S3 = s+ Pg* 0.1

N(Sx = 0.3, N(S2 = 0.3, N(S3) = 0.4,s00n the basis of the prior distri-

bution Pr, S3is selected as tender.

Concluding remarks

The above remarks concerning subjective tests and their use and value
are by no means complete. In discussing the subject it has been necessary to
make numerous sim plifying assumptions presenting a rather idealized
situation. This is not so much a consequence of the decision analysis
approach as the need here to sim plify the discussion as much as reasonably
possible. In discussing a variety ofdecision situations our object has been to
see how a decision may be made which is logical, coherent and consistent
w ith all available inform ation. It is eminently clear from the lastsection that
in the final analysis, decision procedures should be judged by their con-
sequences.

{Received: 23rd February 1973)
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Synopsis— The electrical events which occur in the nose of a frog when it is stimulated with
ODORANTS have been studied.

For this study new techniques were developed for applying STIMULI of known composition
and controlled concentration in a reproducible manner. The concentration and timing of the
stimuli in the nose cavity has been monitored by means of a new device consisting of a sampling
probe connected to a FLAME IONIZATION DETECTOR.

The ranges of concentration used have been wider than those reported previously and the
form of the relationship between concentration and response size is now seen more clearly. It is
that to be expected for a Langmuir type ADSORPTION of odorant molecules on the RE-
CEPTOR surface.

Introduction

This investigation concerns the slow changes of electric potential

w hich take place at the surface of an animal's olfactory mucosa when it is

stimulated by an odorant. These changes can be observed only in the region

ofthe olfactory receptor cells and can be presumed to result from processes

essential to olfactory perception. Their study should therefore help towards
an understanding of the receptor mechanism.

In practice the changes in electric potential are recorded using a pair of

electrodes, one of small tip diameter placed on the surface ofthe olfactory

*Bush Boalce Allen Ltd, London EI5 and the Department of Physiology, University College
London, London WC1E 6BT.
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mucosa, and the other larger one on inactive tissue. The plotted time course
ofthe potential is called the ElectroO IfactoGram or EOG. Fig. | illustrates

a typical EOG resulting from a 5-s stimulus of 1,8 Cineole.

half seconds

Figure 1. EOG resulting from a 5-s stimulus of 1,8 Cineole.

EO G 's were first recorded by Elosoya and Yashida in 1937 (1). They
were not system atically studied until nearly 20 years later. In 1956 O ttoson
published his classic Analysis of the electrical activity of the olfactory
epithelium (2). This was a lengthy and thorough investigation of EO G 's in
frogs. In it much attention was paid to the relationship of EO G size and
shape to strength, duration and quality ofthe stimulus used. The conclusions
of Ottoson’'s research remain practically unchanged today. This is a re-
m arkable tribute considering the relatively simple apparatus which he had
at his disposal.

It has been an object of the present research to look again and more
closely at some ofthe factors investigated by O ttoson, taking advantage of
modern instruments and technology to control and define as precisely as
possible the chemical composition, concentration and time course of the
stimuli used at the location where it matters— close to the olfactory epi-
thelium .

Apparatus has now been evolved to meet these requirements (3) to a
large degree. A feature ofthe stimulus applicator is that it can handle up to
six different odour streams switching them on and offindependently ofeach

other and so close to the point of discharge that practically no time is
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needed for a steady state to be reached. The apparatus may therefore be
used for experiments which have not, it seems, been possible before. One
of its first uses has been in the investigation of the relationship between

stimulus concentration and the amplitude of the resulting EOG .

M ethods

The animals and their preparation

Common frogs (Rana temporaria) were used for the EOG recordings.

A frog was first anaesthetized by placing it in 15 m | of 10% aqueous
urethane in a beaker. As soon as the frog lost its reflexes, it was rinsed w ith
water and placed in a holder. The frog remained anaesthetized by this
treatment for the whole course ofthe experimentand it was not allowed to
recover.

The olfactory epithelium was exposed by dissecting away the dorsal wall
of the nasal cavity opposite to the eminentia olfactoria. The opening thus
made was 2-3 mm across and provided access for the recording electrode

and the stream of air carrying the stimulus.

The stimulation system
The stimulation system may best be described by reference to Fig. 2. 1t
consists of a constant stream ofclean moistair which plays on the olfactory

epithelium all the time. This prevents the mucus from drying up, prevents

Figure 2. Diagram of the arrangement of odorant streams.
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extraneous odours and, when required, carries the odour stimulus to the
sensory area. This stream flows at 50 mI m in-1and emerges from ajet 1mm
inside diameter in laminar flow. (Mean linear velocity = 100 cm s_1
approx.)

The six odorant streams are switched into the carrier stream as close to
the point of discharge as possible so that downstream there is minimum
dead space and wall surface to delay delivery. The volume ofthe dead space
is in factabout 0.15 m| so that with a flow rate of 50 mI m in-1there would
be a delay of 0.18 s before a stimulus reached 63% (= 1- l/e) ofits full
strength. This would represent the worst possible case, i.e. instantaneous
forward mixing in the nozzle causing ‘rounding’ of the stimulus profile. (If
there were no forward mixing in the nozzle, the stimulus would still take
0.18 s to reach the orifice but would arrive there at full strength.)

The odorant streams (up to six in number) are generated by passing
clean dry air over pools ofliguid odorants held in U tubes. These U tubes
have a straightcentralportion so thatthe air stream passes over about 8 cm 2
liguid surface without bubbling through it. This prevents form ation of
spray which might be carried forward and upsetthe concentration. The air
flow through each tube can be regulated from about I mI|I min-1to 5 ml
m in-1 by controlling the pressure to a sintered stainless steel flow restrictor
before the U tube— or up to 10 m I m in-1by changing the flow restrictor.
At these small flow rates the vapour leaving the U tube is practically in
equilibrium with the liguid odorant. If necessary the U tubes can be im -
mersed in a water bath to keep their temperature constantator below room
temperature.

The odorants used are chemicals whose purity has been checked by glc
analysis of head-space samples. They are used either neat or diluted w ith
water or paraffin oil. (The paraffin oil used is first deodorized by treatment
w ith activated silica.) This dilution is the means mostused to provide widely
different rates of delivery of odorant. The rates can also be regulated by
adjusting the air flow rates or by cooling the U tubes in order to lower the
vapour pressures.

The odorants are conveyed to the applicator (where they are switched
into the main carrier stream) by means of PTFE tubing of inside diameter
0.4 mm. This tubing is conveniently flexible and is easily and cheaply
replaceable. It does absorb some of the odorant but, some minutes after
starting the flow, it reaches a steady state which is not disturbed by the
switching operation since the flow is not thereby interrupted. It is an

important feature of the design of the system that this should be so. Al
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changes in flows and concentrations are confined to the switch and nozzle of
the applicator itself. Contamination of one odorant by another and ad-
sorption effects are therefore reduced to a minimum .

The function ofthe applicator is to enable odorant streams to be added
to and mixed with the main carrier stream so that odour stimuli of pre-
determined duration and sequence can be directed into the frog’'s nasal
cavity. The applicator, which is illustrated in Fig. 3, consists ofthree parts.
These are the stream switching part, the mechanism for operating the
switches and the nozzle which mixes and directs the gas stream towards the

animal. The switches and nozzle are shown on a larger scale in Fig. 4. There

Compressed air

10 cm

Figure 3. Scale drawing of six-channel odour applicator. (Saggital section, channel
1 off, channel 4 on.)

Figure 4. Detail of applicator stream switching system, showing channel 1 ‘off’
and channel 4 ‘on’. (Glass nozzle on right is not all shown.)
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are six switches, one for each odorant stream. Each switch operates on the
following principle. The carrier gas divides at a T junction one branch of
which leads to a vent while the other leads to the nozzle and the frog.
Odorant is introduced into one or other branch of the T by means of a
movable, loose-fitting inner tube. It is swept by the carrier either to vent or
to the nozzle according to which branch the orifice of the odorant tube is
moved into.

The switches are designed so that each can be actuated independently of
the others. Carrier gas flowing at 100 m | m in-1 splits into six radially
disposed ducts. Each of these then divides at one ofthe abovementioned T
junctions. Therefore 100/12 m Im in-1 gas issues from each ofthe 12 branches
of the T's. Six of these streams recombine as they enter the nozzle which
therefore delivers 50 m | m in-1, while the other six lead away to a vent.
Odorant streams not being applied and escaping at the vent are prevented
from entering the room by an extraction duct.

The movable, loose-fitting inner tubes which convey odorant into
branches of the T 's are stainless steel tubes of outside diameter 0.3 mm.
They are moved parallel to their axes by means of pistons which are fixed
to them and which run in cylinders. The cylinders are each connected at one
end to a source ofcompressed airorto suction. The change from compressed
air to suction is made by solenoid valves which are actuated according to a
preset programme by a timing device.

The nozzle of the applicator is designed to ensure good mixing of the
odorantinto the carrier stream. At first various designs were tried in which
baffles were inserted in the nozzle to break up the flow Surprisingly these
did not bring about the desired mixing. The best way was found to be to
rely on diffusion and the problem was simply and effectively solved by
extending the 1 mm bore outlettube from 1 cm to 3.5 cm in length. The fact
that the gases were not mixed properly in the original 1 cm long outlet tube

was revealed by means of the vapour monitoring system described below.

Monitoring system for the odour stimuli (4)

This partofthe apparatus is shown diagram m atically in Fig. 5.1t is used
to indicate the concentration of organic vapours in any particular locality
such as in the stream issuing from the applicatorjet. It consists essentially
of a short probe tube connected directly into a standard flame ionization
detector (fid) supplied by Pye Unicam Ltd. A sample of the vapours to be
tested is drawn continuously into the fid through the probe by applying

suction to the fid outlet. The probe tube is 4 cm long and 0.4 mm outside
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Vapour detection system
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Figure 5. Diagram of monitoring system for odour stimuli.

diameter (od). The flow of sample being withdrawn by this probe needs to
be smallcompared with the whole flow ofgases being sampled. On the other
hand the sample flow needs to be large enough for low concentrations of
vapour to be measured by the fid. A sample flow rate around 2 mI| m in~1
is norm ally used. The transfer of sample towards the fid is slowed up by
adsorption oforganics on the inside walls ofthe probe. In order to minimize
this delaying effect, the hydrogen for the flame is also introduced via the
probe tube. This is done by means ofa smallertube (0.3 mm od) the end of
w hich is bent and hooked | mm into the open end ofthe probe. The probe
inlet is thus nearly closed and offers resistance to sample flow such that a
suction ofabout 50 cm water gauge needs to be applied to the fid exhaust to
m aintain this flow.

The suction (50 cm water gauge) needs to be adjustable and free of drift
and pulsations. This is achieved, as shown in Fig. 5, by means ofan adjust-
able dip-leg submerged in water and a 3 litre bottle to smooth out pressure
pulses. The exhaust from the fid leads downhill to a trap to catch water
formed in the flame. The fid itself is lagged to prevent condensation of
water vapour inside it, to keep the fid at a steady temperature and to stop

heat radiation affecting the frog.
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The vapour monitoring system has been used mainly for determining
the concentration of odour stimuli delivered by the applicator. Its fast
response facilitates the adjustmentofthe odorant streams so thatthe desired
concentrations are delivered. Once the odorant solutions and flow rates
have been adjusted, it is unnecessary always to check the concentrations
during a series of olfactory response measurements but only before and
after the series. Only when solutions of very volatile substances are used
is there any change noticeable in the composition over the period of an
experiment.

The vapour monitoring system has other im portant uses. One of these,
as mentioned above, was to check the mixing ofodorantand carrier streams
in the applicator jet. This was done by moving the probe tip 0.2 mm at a
time across the 1-mm diameter of the jet orifice with an odorant switched
on. The concentration profile so obtained was asymmetrical when mixing
was not complete. Incidentally this experiment demonstrated that the
sampling system was capable of discerning differences between points only
0.2 mm apart.

W hen the concentration profiles are determined for diameters pro-
gressively further and further away from the jet, a three-dimensional
picture may be built up showing concentration on the vertical scale and
displacement from the jet axis on the horizontal scale. Such a diagram is
shown in Fig. 6. This may be the first time that an odorantjet stream has
been mapped in this way and it is interesting to note thatthe concentration
has fallen to halfits original at a distance 12 mm from the orifice due to
the spreading sideways of the odorant. Obviously the positioning of the
applicator jet relative to the nasal cavity is of considerable importance. It
would be usefulto know also how the humidity ofthe jet stream — originally
saturated— falls off for the same reasons. The olfactory mucus does some-
times become dry in spite ofthe precaution ofsaturating the carrier gas w ith
water vapour.

Another use of the vapour monitoring system has been to check the
efficiency of the applicator switching and to obtain some idea of the time
course ofbuild-up and fall-offofconcentration when an odorantis switched
on and off. It was found that, even with much smaller carrier gas flow and
increased odorant stream flow s, the device reliably and completely
switched on and off. Fig. 7 shows the three fid response curves to 2-s
applications of acetone, cineole (strong) and cineole 1000 times more
dilute. Ideally the traces should be rectangular. The rounding of the

shoulders is due largely to the slow movement of sample up the probe tube
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Figure 6. Concentration profile of applicator jet stream shown in 3-dimensional
perspective. Measured by Fido.

Time course of Fido responce to square pulses o f-

Figure 7. Response of the fid monitoring system to ‘square’ pulses of odorants
lasting 2 s. Horizontal axis is time, vertical concentration.
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Elution curves
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Figure 8. Arrangement showing how the vapour monitoring system can be used
for measuring gas flow rates.

due to adsorption on the walls. That this was so was shown by applying a
‘square’ odorant pulse by a different method in which there was no possi-
bility of a ‘rounded’ application. The response curves were only slightly
sharper than before. It is interesting to observe, in Fig. 7 the marked
increase in adsorption effects when dealing with the more dilute odorant.
This emphasizes the need for an applicator system such as that described
here especially when studying physiological responses to very dilute odour
stim uli.

The concentration time courses of odorants delivered by the applicator
have more recently been studied by directing the jet stream directly into an
improvised fid having a cut-away side for access. The time constant of the
applicator has been shown to be about 0.12 s or more depending on the
m aterial being handled.

Yet another use of the vapour monitoring system has been in the
measurement of gas flow rates without appreciably increasing the resistance

to their flow. This has been done by using the flow to be measured to elute
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an organic vapour from a nearly enclosed space of known volume. The
concentration in this enclosed space is kept uniform by mechanical mixing
(if diffusion alone is not adequate) and is measured continuously by the
vapour monitor. The arrangement is illustrated in Fig. 8. The volume of
enclosed space divided by the time constant of the exponential fall in
concentration gives the flow rate of the eluting gas. This method has been
used w ith advantage to measure the flow of gas from the applicator nozzle
where back-pressure of most conventional flow meters would have altered
the flow being measured.

This concludes the description ofthe apparatus for generating, applying
and monitoring odour stimuli. It has been somewhat detailed because it is
hoped that some ofthe ideas w ill be useful to those researching in this field
and perhaps to others also. Moreover it seems desirable to place more
emphasis on this side of any study of stimulus-response relationships than
has been accorded hitherto. There is now the means ofinvestigating more
thoroughly firstly the relationship between stimulus concentration and
physiological response, secondly the interactions between different odours
applied simultaneously or sequentially and thirdly the time course of
physiological events following an odour stimulus. A Il these can provide
useful inform ation about olfactory receptor mechanisms and it is with the

first that the experimental part of this paper is concerned.

The electrode system for recording EOG's

The electrodes used for recording EO G 's were similar to those used by
Ottoson (3). The recording electrode was a Pyrex glass pipette having a tip
diameter of 50-100 pm and filled with normal saline containing 2% agar.
Electrical connection was through a AgCI-Ag wire inserted in the pipette.
The second electrode was a AgCI-Ag plate wrapped in |lint, soaked in
norm al saline and inserted in the frog’s mouth.

The signals picked up by these electrodes were led to a high input
resistance pream plifier, a main am plifier and the EO G 'srecorded on a strip

chart.

Procedurefor EOG experiments

In each experiment one frog was used for the study of EO G 's resulting
from one odorantchemical at different concentrations. The vaporizer tubes
were charged with the odorant made up to different dilutions with a suitable
solvent (usually deodorized light paraffin oil). Typically the dilutions were

chosen so thatthe applicator delivered a setof stimuliin which each was 10
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times weaker than the preceding one. Stimuli of intermediate strength were
obtained by altering the gas flows in each channel by a factor ofthree. In this
way stimuli having concentrations covering up to four decades in half
decade steps were available.

The actual concentrations of stimuli were, of course, measured by the
vapour monitoring system and this was done just before an experiment with
a frog. Arbitrary units were used since for the purpose of the present
investigation this was all that was necessary. In the case ofcertain odorants
the lowest concentration gave fid signals obscured by noise and several
readings had to be averaged to arrive at an estimate.

An anaesthetized frog was prepared and placed in a head holder. The
applicator was positioned with its nozzle pointing into the opened nasal
cavity and about4 mm away from it. The recording electrode was lowered
by means of a micromanipulator so that its tip just touched the surface of
the mucus overlying the eminentia olfactoria.

The recordings required for this investigation were of the peak EOG
voltages which are in factreached soon afterthe onseto fstimuli (see Fig. 1).
Stimuli could therefore be switched o ff as soon as this peak voltage had
been reached and doing this helped to minimize fatigue effects especially for
strong stimuli. Also to combat fatigue 2 or 3 min were allowed for re-
covery between each stimulation with the higher concentrations.

The stimuliwere usually applied in both ascending and descending order
of concentration so that two EO G readings were obtained at each concen-
tration.

The odorant chemicals for which EO G data are reported in this paper

Amyl acetate,
1,8 Cineole,
Linalol, and

Butyl acetate.

Results

The results are shown entirely in the form of graphs on which all the
experimentally determined points are plotted. These graphs are shown in
Figs. 9-13.

The abscissae in every case are the logarithms (base 10) of the concen-
trations in arbitrary units ofthe stimuliused. The EOG amplitudes in m illi-

volts are plotted as the corresponding ordinates in Figs 9(a), 10(a), 11(a),
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Figure 9. (a) EOG (mV) v. log concn. Amyl acetate. EOG max = 7.9 mV. (b) log
EOG v. log concn. Amyl acetate.
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Figure 10. (a) EOG (mV) v. log concn. 1, 8 Cineole. EOG max = 6.8 mV. Concn.
for half max EOG = 3.5. (b) log EOG v. log concn. 1, 8 Cineole.
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Figure 11. (a) EOG (mV) v. log concn. 1, 8 Cineole. Repeat experiment. EOG max
= 6.0 mV. Concn. for half max EOG = 3.5. (b) log EOG wv. log concn. 1, 8
Cineole,
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Figure 12. (a) EOG (mV) v. log concn. Linaloi. EOG max = 8.4 mV. (b) log EOG
v. log concn. Linaloi.
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Figure 13. (@) EOG (mV) v. log concn. Butyl acetate. EOG max = 15.8 mV.
(b) log EOG v. log concn. Butyl acetate.
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12(a) and 13(a) and the logarithms (base 10) ofthe EOG's are in Figs 9(b),
10(b), 11(b), 12(b) and 13(b). Thus for each experiment there is a pair of
graphs representing the same data in two different ways:

(a) log stimulus v. response, and (b) log stimulus v. log response.

The curves drawn on the graphs represent a postulated mathem atical
relationship between stimulus and response analogous to the Langmuir
adsorption isotherm (5). (See Discussion.) This postulated relationship
contains only two arbitrary constants which define (a) the EO G for infinite
stimulus concentration, and (b) the stimulus concentration required for
halfthis (hypothetical) maximum EOG. These constants have been chosen
in the case ofeach experimentto make the curve fit the experimental points
as closely as possible. The values of the maximum EO G's are shown in the

legends under each figure.

Discussion

In order to discuss the significance of the foregoing results it will be
helpful to have a picture in one’smind ofthe events as far as they are known
w hich give rise to an EO G .

The origin of the potential is the electrical polarization which exists
between the inside and outside of cells forming the olfactory epithelial
layer. This layer is formed by a mosaic of mainly two kinds of columnar
cells. One kind is the receptor cells and the other the supporting cells.
Odorant molecules in the mucus overlying these cells spread by diffusion
and interact with receptor sites which form some part of acell membrane.
This interaction results in an increase of membrane permeability to certain
ions. An ionic current then flows which depolarizes the receptor cell. (It is
this depolarization of the receptor cell which causes it to generate action
potentials.) The ionic current flows in a circuit through receptor cell,
supporting cell and overlying mucus. Each of these components of the
circuit contributes some resistance so that there is a potential difference
between the surface ofthe mucus and the base ofthe receptorcells. The EOG
is the summed effect ofthe 5000 or so receptor cells which lie within range
ofthe electrode tip. The magnitude ofthe EO G can therefore be considered
in terms ofthe local circuits at cellular level.

Suppose thatthe EM F ofthe circuitis E, thatthe active membrane has a
variable resistance, RM, depending on presence ofodorantand thatthe other

resistances of mucus and tissue total w hich is constant.
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Then the potential, Vit across the constant resistance, Rt is given by

K
Rt + R,

Vt = E.

If membrane conductance, Gm, is 1/Rmthen

« —& RvGa .
" 1 +GmRt (1)

If it is assumed that the membrane conductance is a linear function of

odorant concentration, Gm = k.C, then

kc
Vt = E.Rt
1 + kc Rt

V is to be our estimate of the EO G so that

[ o N R T — , where A and B are constants.

Up to this pointthe argument has followed thatofTucker and Shibuya
(6). But the above assumption that the membrane conductance is a linear
function of concentration is clearly not correct because a saturation must
soon be reached. Instead let us assume that there is a limited number of
gates in the membrane corresponding to a maximum conductance of GM.

Then, analogous to the Langmuir adsorption isotherm, we have

kc
Gm= GM. - — where K is a constant.
1+ ke
Combining this with equation (1) we get
vV = E-Rt-GM.k.c

1+ (k + GM.Rvk).c

SO EOG = - where A and B are constants as before. (2)

Therefore it may after all be expected thatthe EOG's would follow equation
(2).
The curves plotted on the graphs of results are in fact those obtained

from equation (2) with values of A and B chosen to make them fit as well as
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possible the experimental points. The curves fit well especially having regard
to the wide range ofconcentrations used and there is no evidence to suggest
that the relationship is other than that deduced.

E arlier researchers (2, 7 and 8) have worked with smaller concentration
ranges. W hen their results were plotted on log-log axes, the points fell
approximately on straightlines im plying a power function relationship. The
lines for different substances had different gradients and it was thought that
the gradients (exponents) were characteristic of the substance.

The results of the present study have also been plotted on log-log axes
and it can be seen that for low concentrations the relationship is indeed
practically linear. However, in no case is there suggestion that the gradient
is other than 1for low concentrations. Another feature ofthe results is that
there is no evidence for a threshold concentration below which there is no
EO G response.

In conclusion it may be noted that the sense of smell now seems to fall
into line with other senses in following a stimulus-response relationship

w hich is sigmoidal in form when plotted on semi-log paper.
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Synopsis— The developments in SESQUITERPENOID CHEMISTRY are reviewed with
especial reference to their application in PERFUMERY.

Sesquiterpenes are the group of terpenoids which are formed by the
combination of three isoprene units and are found widely distributed in
many essential oils in the high boiling fraction. These represent a collection
of highly complex and diverse structural systems. Although certain ses-
quiterpene-based essential oils, such as oil ofsandalwood and vetiver, have
been used in perfumery since antiquity, the detailed study of sesquiterpene
chemistry commenced only about 20 years ago. This progress has been
possible mainly due to modern methods of isolation, structural determ i-
nation and synthesis. It is generally believed thatthe future ofour industry
lies in simulating as many essential oils as possible and hence lessen its
dependence on the natural oils. In this respect the detailed and more
comprehensive analysis ofessential oils is revealing that many com mercially
important oils contain a number of sesquiterpenes which are important to
the overall odour of such oils. Consequently, in many cases the scope of

commercially producing synthetic oils will depend on the availability of
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such sesquiterpenes. Another use of sesquiterpene compounds in per-
fumery isto convert the readily available natural sesquiterpenes into various
odoriferous compounds on lines similar to monoterpenes. However, the
complex nature of this class of compounds coupled with the lack of com -
mercially feasible methods of synthesis have prevented a real breakthrough.

The increased demand of perfumery materials has pressurized the
industry to look for, and accept, synthetic equivalents of the natural
products, despite the odour differences between the two. This has led to the
commercial production of materials such as geraniol, nerol, citronellol,
menthol, citral and the ionones whose isolation from natural oils has since
become far less economical. These materials have been produced from
heavy organic chemicals (acetylene and acetone) and by transformation of
natural monoterpenes which are available in large quantities (a- and p-
pinene). There is no counterpart of the versatile monoterpene myrcene in
sesquiterpene chemistry and an advancement comparable to monoterpenes
may appear to be unlikely in the near future. But it is interesting to note
that an increasing number of speciality chemicals are already appearing on
the perfumery scene. In our opinion many perfumery houses use sesquiter-
pene compounds in limited amounts in various formulations which are
often closely-guarded commercial secrets.

During the last 15 years the industry has had benefit from the extensive
research on monoterpenes and perhaps now it is time to explore the ses-
quiterpene field with the same seriousness. It is neither the purpose nor the
scope of this paper to deal with the systematic description of sesquiterpenes
which have been isolated from essential oils and characterized to-date.
Instead, we intend to concentrate on the use and chemistry of those ses-
quiterpenes and their derivatives which occur in commercially important
oils and which have already made an impact on the perfumery industry.
M any of these sesquiterpenoid compounds are commercially available.

It will be pertinent at this stage to mention that the biogenesis of most
sesquiterpenoids in essential oil yielding plants isconsidered to be based on
the cyclization of trans-trans and cis-trans-farnesyl pyrophosphate isomers
which in turn are produced from mevalonic acid (1, 2). These biogenetic
transform ations give rise to some important sesquiterpene groups which
will be discussed here (Fig. 1).

The acyclic olefins a- and P-farnesenes possess interesting odours, which
are generally notknown to perfumers becauseofcommercial non-availability.
The latter compound occurs in many essential oils such as lavender, pepper,

hops, copaiba, ylang-ylang and ginger oil (3-5). Peyron, Benezet and
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.OH
‘OH

Nerolidol Farnesol

Figure 2.

Garnere (6) found P-farnesene to be one ofthe mostimportant constituents
of lavender oil. The a-isomer has not been reported to occur in nature but
has been synthesized by dehydration of nerolidol or farnesol (7, 8).

The isomeric alcohols nerolidol and farnesol are important perfumery
chemicals. Nerolidol was firstisolated from neroli oil (9) and since has been
found to occur in several other essential oils, e.g. jasmine, citronella, pepper
and cabreuva oil (10-12). According to Arctander (13) it has a mild and
woody-floral, slightly green odour with excellent tenacity, and good
blending and fixative properties. W ith the availability of synthetic nerolidol,
a drastic reduction in its price has been observed. The synthesis which is
based on cheap raw materials such as acetylene and acetone, makes nero-
lidol a feasible entry into the sesquiterpene field from a commercial view-
point {Fig. 3).

H2 Nerolidol

Figure 3.

The chemical possibilities of converting nerolidol into various sesquiter-
penes are enormous. Some work has already been carried out on the iso-
merization to farnesol (15) and cyclization to an interesting range of cyclci
terpenes (16). However, unlike nature, the product selectivity in these
cyclizations is low, but further research in this area should prove to be
extremely useful.
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Farnesol occurs in several essential oils, e.g. oils ofam brette seed, neroli,
rose, cyclamen, jasmine etc. (17, 18). It has a delicate sweet oily odour
developing into a floral fresh-green note and finds uses in floral, oriental
and chypre fragrances (13). Biogenetically speaking, this alcohol occupies a
very significant position in sesquiterpene chemistry since it has been
established that farnesyl pyrophosphate is the in vivo precursor of a
variety of sesquiterpenes. The acid catalysed cyclization of farnesol, in
a manner similar to nerolidol, gives a complex mixture of cyclic products
among which bisabolane and cadinane structures are the most prominent
(16). Several syntheses of farnesol have been reported in the literature but
none of these is commercially attractive. Isomerization of nerolidol to
farnesol in acceptable yields should have a significant effect on the usage of
this alcohol which is presently restricted because of its high price.

Recently, Stevens, Ludin and Teranishi (19a), isolated and characterized
two isomeric aldehydes a- and P-sinesal belonging to the farnesane group
which occur in Chinese orange oil (19b, ¢ and d). Both aldehydes exist in
the all trans- form and have attracted the attention of flavourists and

perfumers and several commercial syntheses have been accomplished.

a—Sinesal O—sinesal

Figure 4.

Several members of the bisabolane group of sesquiterpenes occur in
many commercially important essential oils. The parent hydrocarbon
bisabolene can have several isomers with regard to the position of double
bonds, but the y-bisabolene is the most important one and occurs in oil of
bisabol myrrh, lemon, lime, bergamot, cardamom, sandalwood, etc. It is
also obtained by dehydration of nerolidol during the cyclization (16). It is
interesting perfumery chemical with a pleasant, warm, sweet-spicy-balsamic
odour which makes it invaluable in the reconstitution of essential oils and
as a perfumery material in its own right. It is a vital part of the oriental,
opopanax, chypre and novelty fragrances (13).

The hydrocarbons zingiberene and ar-curcumene constitute the major
part of the sesquiterpene fraction of the oil of Zingiber officinale (ginger oil).
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y. Bisabolene
Figure 5.

Zingiberene has a warm, woody-spicy tenacious odour with deep sweetness.
Its structure as shown was assigned by Eischemosher and Schinz and also by
Mills (20, 21). Several syntheses of (£ ) zingiberene have been reported but
the most interesting approach is based on citronellal and can lead to the
optically active hydrocarbon (22, 23). ar-Curcumene has been synthesized

by Honwad and Rao (24, 25) but has an uninteresting odour.

Figure 6.

a-Bisabolol occurs in oil of camomile (26, 27) and the racemic form is
prepared by acid-catalysed cyclization of nerolidol (16). It can be used as a
fixative and blender in many formulations with interesting results. Another
interesting member of the group is a primary allylic alcohol lanceol which

occurs in the oil of Santalum lanceolatum (21, 28).

ct Bisobolol Lanceol

Figure 7.

Germacranes, a group of 10-membered ring compounds, were postu-
lated by Ruzicka, Eschenmoser and Heusser (29) as intermediates of crucial
significance in the biogenesis of the elemane-, eudesmane-, and guaiane-type
sesquiterpenoids from farnesyl pyrophosphate (29). However, no member of

this group was actually isolated and characterized until germacrone and
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pyrethrosine were characterized by Ognyanov et al and Barton and de
M ayo respectively in 1957 (30, 31). Since then several other compounds
belonging to this group have been isolated and characterized by careful
work-up. Sorm has recently published an excellent review of the chemistry

of germacranes (32).

Figure 8.

Germacrone was isolated from oil of Geranium macrorhizum in 50%
yield (30). It has a faint, sweet-woody, somewhat herbaceous odour of
extraordinary tenacity. Although the ketone is not offered as a pure chemi-
cal, the oils rich in this material have been suggested to be useful as a
modifying fixative in ambre, chypre, and mossy fragrance types. The pure
ketone itselfblends well with the ionones, geranium, ambergris, vetiver, and
cedarwood types (13).

The hydrocarbons germacrene A, B, C and D offer interesting synthetic
possibilities of obtaining various well-known sesquiterpenes which are

crucially important in simulated essential oils.

Germacrene-A Germacrene-B Germacrene-C Germacrene —D

Figure 9.

A variety of acid-catalysed and photochemical transformations to systems
such as eudesmanes, copaene, ylangane, bourbonane (present in the
essential oil of geranium bourbon), cadinane, and muurolane are known
and illustrate the biogenetic significance of this group (33).

The elemane group consists ofanumberofhydrocarbons and oxygenated
derivatives including lactones and occur widely in many essential oils.
These compounds are closely related to eudesmanes and germacranes, and

it is generally supposed that many members are probably artefacts of
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(1) Reduction

(2) Pyrolysis Hz(H)0

(3) H,

Elemone Germocrone Seiinone

Y —Cadinene
hl
S —Cadinene

/13 —Bourbonene
a—Amorphene Y

Figure 10.

the latter. The hydrocarbons a- and P-elemene occur in sweet-flag oil (34)
and gurjun balsam (35) respectively, but have found no specific use in
perfumery so far. The alcohol elemol found in Java citronella oil and
elerni oil has the configuration as indicated and affords u-elemene on
dehydration (36). Elemol has a faint, sweet-woody odour with an almost
floral undertone, and the essential oil fractions rich in this alcohol are used
as fixatives, blenders or modifiers in soap perfumery. The total synthesis of
elemol was accomplished by Corey and Broger (37).

The eudesmane group is probably the largest of the sesquiterpene
groups and can be considered to have been derived from farnesyl pyro-
phosphate cyclization involving a germacrane skeleton as an intermediate.

The hydrocarbons a- and p-selinene are found in Bois de Rose and celery
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a.—Elemene

E lemol

Figure 11.

seed oil (38, 39), whereas the alcohol P-eudesmol occurs in eucalyptus oil
(40). a-Selinene has a mild, sweet-woody, and slightly peppery odour, the
p-isomer has a similar but warmer and more herbaceous odour (13). P-
Eudesmol which finds some use as a fixative offers a delicate, sweet-woody
and warm odour. The corresponding acetate ester is also interesting for its

linalyl acetate type odour combined with much better tenacity. Both P-

a—Selinene /3-Selinene /3-Eudesmo!
Figure 12.
selinene and P-eudesmol have been synthesized by Marshall, Pike and

Carroll (41). Cyperene and a-cyperone also offer interesting structural
systems, the latter being the main constituent of the oil of Cyperus rotandus
(42).

Penfold, Robinson and Simonsen (44) speculated a 1,2-alkyl shift in
eudesmanes to generate the commercially important group of compounds
known as eremophilanes (44). Eremophilene is present in a number of
essential oils and has been a subject of several publications and a recent
review by Pinder (43). The ketone Eremophilone is a constituent of Eremo-
philla mitchelli (44).

The most commercially important members of the group are valencene,
nootkatene, and nootkatone. Valencene has been isolated from orange juice
oil and orange peel oil (45), and its structure and absolute configuration

has been related to nootkatene, a /-butyl chromate oxidation product of
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Cyperene a-Cyperone

Eremophilene Eremophilone

Figure 13.

valencene. Nootkatone itselfis an important flavour chemical isolated from
grapefruit oil (46). Nootkatene or dehydrovalencene is readily obtainable
from wood of Chamaecypans nootkatensis by steam distillation and can be
converted in high yield into nootkatone by hydrochlorination followed by
oxidation (47). Therefore, the commercial importance of valencene and
nootkatene lies in being readily available starting m aterials for a convenient
synthesis of nootkatone. Nootkatone has an extremely powerful, sweet and
citrusy odour of good tenacity and hence in addition to its well established
use in flavour, it could undoubtedly find use in certain perfume formula-
tions. Its further detection in other oils such as bergamot, lemon, lime, and

tangerine emphasizes its importance in flavour and perfumery (45).

Valencene Nootkatene Nootkatene

NaH

Nootkatone

Figure 14.
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Several stereospecific syntheses of (x)-nootkatonehave beenreported in the
literature. Pinder and Odom (49) annelated m-dihydrocarvone with trans-3-
pent-en-2-one to obtain nootkatone, which was also synthesized by M arshal
and Ruden by a multistep synthesis (50).

A recent patent describes the following synthesis (51).

Nootkatone has also been the subject of detailed sensory properties.
Ohloffand Giersch (52) studied the relationship between odour and structure
by comparing the odour and taste of various nootkatone isomers and their
derivatives. It was found that those compounds with a fruity odour have a
bitter taste, whereas those which are devoid of fruity smell have no taste.
Furthermore, the double bond remotely situated from the carbonylfunction
isofspecialimportance in regard to the odour and taste. Stevens, Guadagui
and Stern (53) and Teranishi (54) also arrived at similarconclusions, butadd
that nootkatone isomers have different odour qualities but have only small
differences in potencies.

The compounds belonging to vetispirane and tricyclovetivane are
derived mainly from the essential oil of Vetiveria zizanoides, a perennial
grass which grows wild in India, Ceylon, Burma, Reunion Island, and
several other countries. The oil, which has been used in perfumery since
antiquity, consists mianly of sesquiterpenes. These sesquiterpenes are a-
vetivone (55), (3-vetivone (56), tricyclovetivenol or khusimol (57), bicyclo-
vetivenol (58), and vetivenyl acetates. Originally these compounds were
assigned wrong structures which have been refuted only recently and the
revised structures are as shown below, a- and P-Vetivones are used in per-
fumery as a mixture derived from the ketone fraction of vetiver oil. They
possess an odour which is very much reminiscent of the parent oil but more
tenacious. These ketones can be a valuable part of oriental type formula-
tions (13). The chemistry of a-vetivone is closely related to that of noot-
katone and hence is also known as isonootkatone. Due to this relationship
with nootkatone it would be surprising if we do not see a synthetic material

commercially available in the near future. Depending upon their origin and



214 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

4 - Epinootkatone 0-y- Nootkatone Nardostachone
Fruity, woody, bitter Grapefruify - bitter Fruity —bitter
1,10 -Dihydronootkatone iso - Nootkatone 4-epi-isonootkatone
Fruity-bitter Woody Woody
11,12-Dihydronootkatone Tetrahydronootkatone
floral-woody floral-woody
Figure 16.

Tricyclovetivenol (Khusimol) Bicyclovetivenol
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quality, vetiver oils contain 45-65% free sesquiterpene alcohols bicyclo-
and tricyclovetivenols. The commercial product is a mixture of these two
vetivenols and has a warm, sweet, mildly earthy-balsamic and extremely
tenacious odour. These alcohols blend well with ionones, styrax, sandalwood
and various materials for oriental and woody bases or perfumes (13). The
corresponding aldehydes are known to have an olibanum type odour. The
mixed acetates obtained by the acetylation of the above alcohols or by
isolation from essential oil are sold under several trade names. The sweet-
dry, fresh-woody odour with excellent tenacity allows its use in all types of
perfumes (13).

Longifolene, a hydrocarbon belonging to the longifolane group, is one
of the few sesquiterpenes commercially available in quantity. Much interest
has been shown by the industry in the new materials that chemical in-
vestigation into longifolene chemistry has presented to the perfumer.

Longifolene was first isolated by Simonsen (59) from Finns longifolia
and the search for commercial uses for the hydrocarbon extends back 50
years. The structure was established by M offett (60) and Ourisson (61) and
commercial exploitation has followed this breakthrough. The structure of
longifolene has been confirmed by a total synthesis (62) but such syntheses
are of academic interest only.

Two simple longifolene derivatives are on the perfumer’s shelf at the
moment: acetyl longifolene and hydroxymethyl longifolene. Acetyl longi-
folene (63) is prepared by the Friedel-Crafts reaction and has a woody-

musky ambergris odour reminiscent of acetyl cedrene.

Longifolene Acetyl longifolene

Figure 18.

The Prins reaction has been of use in the production of perfumery
chemicals from monoterpenes (Nopol, Patchenol) and application of this
reaction to longifolene produces co-hydroxymethyl longifolene (64, 65). This
alcohol is of use in perfumery.

The simple methods of longifolene oxidation yield complex mixtures
with sesquiterpene acids predominating (66). Direct oxidation oflongifolene

has not been of great commercial interest. Formylation reactions have been
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(1) HCHO
ACOH

(2)NaOH
Longifolene w —Hydroxymethyl longifolene

Figure 19.

of recent interest in the production of new monoterpene perfumery chemi-
cals (67-69), e.g. dihydromyrcene cyclic esters. Application of these reaction
conditions to longifolene produces longibornan-9-ol formed by rearrange-
mentand transannular hydride shift (70). A recent patentclaims this form ate

to be of value in perfumery (71).

Longifolene Isolongi folene

Figure 20.

Early attempts at longifolene acétoxylation did not give good yields of
acetates but an isomer of longifolene was produced called isolongifolene
(72) . The structure of isolongifolene was established by Ranganathan et al.
(73) who later completed a total synthesis of the hydrocarbon (74).
Isolongifolene has proved to be of more commercial interestthan longifolene
as simple methods of oxidation yield non-acidic products.

If longifolene or isolongifolene are treated with zinc chloride at high
temperatures then I,I-dimethyl-7-isopropyltetralin is formed (75). Acetyla-
tion of this tetralin gives the methyl ketones; these are said to have a fine
although weak musk odour. The aldehydes have a stronger musk odour but
the propionyl compound is odourless (75).

Epoxidation of isolongifolene with peracids yields the a-epoxide (76).
This epoxide is of little perfumery interest but rearrangement of the epoxide
produces the saturated ketone 8-o0xo0-7-P-H-isolongifolane which has a

desirable woody odour and has found use in perfumery. Epimerization of
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Longifolene Isolongifolene

this ketone to the 7(a)H derivative is simple and this ketone is also of
perfumery use as it possesses a sweet-woody odour.

The rearrangement of isolongifolene epoxide has been reported (77-79)
to yield two P, y-unsaturated alcohols. No patents have been published on
the rearrangement of the epoxide; under most reaction conditions these
alcohols are formed in less than 50% vyield, the main product is 8-0xo0-7-P-

H-isolongifolane (Fig. 22).

iso Longi folene —a —epoxide 8 —oxo —7 —p —H—isolongifolane

Figure 22.

The sterochemistry of isolongifolene is a subject of academic discussion
(76-79) and it is still not known beyond all doubt if the epoxide is, in fact,
a- or p. In the author’s opinion, the «-structure is the more probable (80).

Sodium dichromate oxidation of isolongifolene yieldsacomplex mixture
of ketones with a woody, vetiver type of odour. This mixture has found use
in perfumery (81).

Allylic oxidation of isolongifolene with tertiary butyl peracetate gives a
mixture of 9a- and P-acetoxy-isolongifolene. This has a woody, vertiveryl

acetate odour and has found use in perfumery (82) (Fig. 23).

Isolongifolene 9 Acefoxy-isolongifolene

Figure 23.
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The rapid commercial exploitation of longifolene in the last few years
illustrates the interest shown by perfumers in new sesquiterpene products.
W ith the considerable academic and commercial interest being shown in
this hydrocarbon, further developments of interest to perfumers may well
be expected.

Sandalwood oil is much used in perfumery and has a large production;
its odour is too well known to be described in this paper. The main con-
stituents of the oil are known (83); a-santalene had a sweet-woody odour of
excellent tenacity; P-santalene has a similar odour but is said to be less
sweet than the a-isomer. a-Santalol is considered to have the refined sweet-
woody, tenacious sandalwood odour. Impure a-santalol isolated by distil-
lation from sandalwood oil is the santalol of commerce. P-Santalol is said
to have a similar odour but it occurs to a smaller extent in sandalwood oil
and samples may have been contaminated with the a-isomer. Perfumery

opinion is that the a-isomer is the preferred isomer (Fig. 24).

Figure 24.

The santalyl structure is related to the structure of longifolene; if it
were possible to open the seven-membered ring of longifolene one would
have a santalene structure. The sterochemistry is such that the opposite

optical isomer to the natural santalene would be produced (Fig. 25).
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Figure 25.

Sandalwood is a moderately expensive essential oil and its typical
bouquetcontinues to be favoured by the perfumery industry. The search for
sandalwood odours have therefore been intense. A number of chemicals
with a sandalwood odour have been made. The so-called terpeno-phenols
manufactured by the condensation of phenols with camphene followed by
hydrogenation (84) have found application in a number of sandalwood
bases. These have found a use in the industry but have not depressed the
demand for the natural oil.

The lastaddition to the sandalwood odours is Osyrol (and its homologs),
and although this monoterpene is not a direct replacement for a-santalol,
this speciality has a fine sandalwood odour and with its good performance
in the middle notes it will be of wide interest in the formulation of perfume

compounds where the sandalwood character is desired (85) (Fig. 26).

Figure 26.

The commercial synthesis of sesquiterpenes has yet to be achieved but
much progress has been made in the academic synthesis ofthese compounds.
Starting from a-bromocamphor French workers were able to synthesize
a- and P-santalol in nine steps (86). The reaction sequence is too long for

this synthesis to be of commercial interest.

Figure 27.
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Canadian workers have devised a route for the synthesis of camphere-
none. This sesquiterpene is a valuable intermediate for the synthesis of a
number of sesquiterpenes and in two steps it may be converted either to
a-santalene or (3-santalene (87, 88) (Fig. 28).

a- Santalens

Figure 28.

This synthesis might have been of commercial value but at the key
cyclization stage two compounds are produced, one ofwhich gives santalene
and the other epi-santalene.

An alternative approach was examined by American workers who
synthesized 3-methyl-norcamphor from the Diels-Alder product of methyl
cyclopentadiene and ethylene. The construction and addition of the side
chain to the camphene structure was more complex and again this synthesis
does not offer, at present, any commercial possibility (89).

A more direct synthesis has been described. The key step was the Diels-
Alder addition of geraniolto cyclopentadiene;low yields at this stage appear
to have discouraged exploitation of this path (90).

The lactonization of camphene-8-carboxylic acid has been reported to
yield a lactone with the correct arrangement of functional groups to be a
santalene intermediate. Here again the key step produces not only the
desired santalene structure but also the epi-santalene structure (91).
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As a result of these synthetic studies the odours ofa number of santalol
derivatives have been reported (89). Dihydro-P-santalol is said to have a
sandalwood odour but the a-isomer is said to be much weaker. Tetrahydro-
P-santalol has no sandalwood character and has an uninteresting weak
woody odour. There is no doubt that the industry would find a synthetic
santalol a most welcome addition to the perfumers shelf. It is not possible
to say how long it will be before it arrives there.

Cedarwood oil is one of the essential oils whose production exceeds
100 tons/year. The oil is not only of direct use in perfumery; a number of
derivatives from the oil have also found a wide use. Although some of these
derivatives have been given names in the technical press which would
suggest that they are definite chemical entities, many of them are mixtures
(e.g. cedrenol) isolated from the oil or the products of reactions on such
mixtures (e.g. acetyl cedrene).

Thujopsene and cedrene are the two main sesquiterpene hydrocarbons
found in the oil; P-cedrene, P-chamigrene, widdrene, isowiddrene, a-
chamigrene, cuprenes and cuparene have been found in smaller quantities
(92) (Fig. 29).

Cedrol isthe main alcohol constituent of the oil; psuedo cedrol, primary

cedrol and widderol are also found in the cedarwood oil (92) (Fig. 30).

a— Cedrene 0 - Cedrene /J-Chamigrene Widdrene
isowiddrene a- Chamigrene Cuprene H Cuprene '5?
Cuparene Thujopsene

Figure 29. Some hydrocarbons from cedarwood oil.
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*OH

Cedrol

CH20H

OH

Primary cedrol Widderol

Figure 30.

Distillation yields two main fractions, the hydrocarbon fraction is the
so-called ‘Cedrene’ of commerce, impure cedrol is obtained as the alcohol
cut. Pure cedrol can be obtained by recrystallization ofthe alcohol fractions
and is used in perfumery. Cedrenol is a mixture of cedrol and its isomers,
widdrol and some ketonic compounds. Acetylation of this mixture yields
cedrenyl acetate. Cedryl acetate is also made by esterification of the alcohol
and a number of qualities are sold; they range from the pure recrystallized
acetate to acetate mixtures containing almost 50% hydrocarbons.

Epoxy-cedrene has been manufactured by epoxidation of cedrene-rich
hydrocarbon fractions followed by recrystallization (Fig. 31).

One of the most interesting cedarwood derivatives is the complex
mixture of ketones known as ‘acetyl cedrene’ obtained by acetylation of the
hydrocarbon fraction. This has a woody, warm-ambergris and musky odour
(94), and is sold under a number of trade names. A number ofinvestigations
have been made to find the odour constituents of the mixture. The hydro-
carbon cut used in the manufacture has two main components, cedrene and
thujopsene. The acetylation product of the purified cedrene is said to have
little odour.

The reaction of thujopsene under these conditions is much more
complex. With acid catalysts thujopsene isomerizes into a large number of
hydrocarbons and it is thought that this isomerization precedes the acety-
lation step in the production of acetyl cedrene.

At least seven C17H 2e0 ketones have been observed in the acetylation

mixture but the structures of only two are known and these account for
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epoxy cedrane

Grades of
Cedrene Epoxidation
(Hydrocarbon .
mixtures ) Acetylation
Distilled
oil acetyl cedrane
| (C|7H260 ketones)
Crude Distillation Distilled cedrol Cedrol crystals
Cedarwood
oil
Esterification
Cedryl acetate
Cedrenol Esterification
(alcohol cut: .
cedrol and Cendrenyi acetate

other alcohols

Figure 31. Perfumery materials from cedarwood oil (93).

Acetic
Anhydride

Catalyst
Figure 32.

some 60% of the reaction product. The major ketone is thought to be the
active odour constituent of acetyl cedrene. It is said to have a powerful
woody, musk-ambergris odour far greater in intensity than any of the other
isomers. This acetyl thujopsene isomer has an interesting odour-structure
relationship since, although it has a strong musk odour, it has no arom atic
ring as have most other tricyclic musks possessing an acetyl group.

Patchouli oil has wide application in the perfumery industry and more
extensive use would be made of this essential oil ifit were in greater supply.
Much effort has been devoted to the analysis of the oil and a number of
constituents have been identified. No single compound has the total
patchouli odour and any effort to formulate a reconstructed patchouli oil
will require the synthesis ofa number of sesquiterpene alcohols, ketones and
hydrocarbons.

The main alcohol constituent of patchouli oil is patchouli alcohol. A

synthesis of this alcohol from homocamphor has been reported (101) but
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Figure 33. Products of acid isomerization of thujopsene (95).

Figure 34. The acetylation of thujopsene (96, 97).



SESQUITERPENES IN THE PERFUMERY INDUSTRY 225

Figure 35. Some constituents of patchouli oil.

the synthesis involves a large number of steps. (3-Patchoulene is first syn-
thesized and then converted to the a-patchoulene structure and hence
patchouli alcohol. No commercial synthesis of this alcohol appears possible
at the present.

Patchouli oil is interesting as it is one of the few oils obtained by steam
distillation and is found to contain sesquiterpene alkaloids (102). These
alkaloids are formed from the sesquiterpene structures oftwo hydrocarbons
found in patchouli oil, p-patchoulene and a-gauiene; thus they have been
called patchoulipyridine and epiguaipyridine. The structures of these
products, present in the oil to the extent of 0T% were determined by
physical organic techniques (102) and confirmed by the synthesis of pat-
choulipyridine and dihydro-epiguaipyridine. Patchoulipyridine was syn-
thesized from P-patchoulene by the action of hydrazoic acid and dehydro-
genation of the resulting product. Dihydro-a-guaiene was synthesized (102)
from guaiol and subjected to the same reaction steps to yield dihydro-
epiguaipyridine.

No odour descriptions have been given for these two alkaloids. An

alternative synthesis (103) of patchoulipyridine has been developed by
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Figure 36

French workers who started from homocamphor. This was converted in a
number of steps to a diketone which was then transferred into the pyridine.

Some ofthe hydrocarbons found in guaiacwood oil have also been found
in patchouli oil (104). The main constituents of guaiacwood oil are the two
sesquiterpene alcohols guiaol and bulnesol. Treatment of these alcohols
with a small quantity (0-01 m) of sulphuric acid produces a number of the
hydrocarbons found in patchouli oil. These are obtained as a mixture and
isolation of the desired hydrocarbons is difficult (see Fig. 37).

A total synthesis (105) of guaiol has been reported but as guaiacwood oil
is one of the cheaper sesquiterpene containing essential oils, this work
appears to be of academic interest only.

Treatment of guaiol with sulphuric acid, para-toluenesulphonic acid or

iodine yields a cyclic ether guaioxide (Fig. 38). This ether has been claimed
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Figure 37. Hydrocarbons from guaiol and bulnesol. (104).
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to be of value in perfumery (106). It has a distinctive odour of the warm

vetiver type with a warm dry spicy note which isreminiscent of black pepper
oil. The cyclic ether has also been reported in guaiacwood oil. A cyclic ether
has been isolated from sandalwood oil (107), and itis possible that sesquiter-

pene ethers will be found to be of some considerable value in perfumery.

Guaioxide

Figure 38

In conclusion it can be said that sesquiterpenes offer a great challenge
to the Organic Chemist because of their structural complexity. They are of
crucial importance to the perfumery industry as they occur widely in essential
oils and individual chemicals offer a wide spectrum of interesting odour
types. Therefore, any advancement in the difficult problems of skeletal
construction and stereochemical control necessary for such syntheses would
have a significant impact on the future of the industry. Undoubtedly during
the recent years many new and elegant methods of synthesis have been
introduced but unfortunately the majority are of academic interest only.
However, one hopes that, in addition to this progress, a better understanding
of enzymatic reactions coupled with their commercial exploitation may
provide an answer to some of the problems.

(Received: 13tli February 1973)
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SOCIETY OF COSMETIC CHEMISTS

OF GREAT BRITAIN

SYMPOSIUM

COSMETIC SCIENCE AND

HUMAN SENSES

Papers are invited for a Symposium dealing with Cosmetic Science
and the Human Senses which is due to be held on

7-9 April, 1975,
The venue has not yet been decided but will most likely be in the
North of England.

Please send titles and synopsis of papers to:-

Mr W. W. F. Scotland
c/o Society of Cosmetic Chemists of Great Britain,
5 Kingsway, London WC2, England.



Book review

STRUCTURE AND BONDING. Vol. 12
Progress in Theory. Springer Verlag, Berlin-
Heidelberg-New York.

In comparison with three volumes of the
series most recently reviewed this is the
largest and almost certainly the least directly
useful to practical chemists. It is quite
appropriately sub-titled ‘Progress in Theory’.

The first of six articles reviews revived
interest in quantifying the concept of electron
interaction in quantum mechanical calcula-
tions, notwithstanding the widespread and
frequently adequate use of SCF (self con-
sistent field) models. In a series of examples
the author evaluates the sensitivity of corre-
lation energy to structural alternatives, con-
siders other physical properties dependent
upon electron correlation (EC), and questions
the need for all calculations to start with, and
be refined from, SCF functions. In his simple
(ammonia “lip’ and ethane rotation) examples
EC is of little value but equilibrium distance
and one-electron properties offer more scope
for it. He selectively examines the application
of EC perturbation treatments to molecular
properties; but whether EC has any physical
reality depends upon the absolute significance
of the independent particle models chosen.

The importance and remarkable variety of
Cu(ll) chelates has prompted exceptional
crystallographic and spectroscopic interest.
The second article substantiates some theor-
etical models and represents data compiled by
the author hopefully allowing others to con-
struct theoretical spectra for novel Cu
complexes.

The third, short, paper offers empirical
treatment of cation solvation. Evidence is
adduced from donor capacity, polarographic
reductions, complex formation, ion pair
equilibria and absorption spectroscopy.
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Fourth is a most readable account of the
so-called ‘acid salts’ of a variety of carboxylic
acids, with special reference to hydrogen bond
lengths. The author, an experienced crystal-
lographer, draws heavily on X-ray and neutron
diffraction evidence in discussing salts of the
M(HX2 and MX.HX types and more com-
plex examples, giving dimensional data and,
in most instances, configurational representa-
tions. However, those concerned with par-
tially neutralized soaps will be disappointed
by the absence of any reference to the acid
salts of C12C18acids. The review is rounded
with a generalized and admittedly tentative
discussion of hydrogen bond participation,
taking some account of 1R and NQR spec-
troscopic evidence. Interest is maintained by
the use of short sections each discussing
known carboxylate salts in amiable prose free
of jargon and free of mathematical physics.

In contrast, the last two papers are abstruse
mathematical contributions, using the tech-
nique of irreducible tensorial sets. One is
exclusively concerned with deriving coupling
coefficients in quantum integrals; and the
other analyses harmonic situations potentially
of value in calculating spectra of adducts, and
which may generate orbitals of pictorial sig-
nificance in understanding the geometry of
the complex.

Of the six articles only the fourth is
directly readable—and, with additions, might
well merit separate republication; the others
are definitely only for consultation on
demand. In the first four mathematics is used
sparingly although it is necessary to be
familiar with quantum mechanical jargon;
the last two papers, however, are quite
indigestible and would have been more at
home in ajournal of mathematical physics or
spectroscopy G. F. PHILLIPS



Soc. Cosmet. Chem. 25 235-238 (1974) © 1974 Society of Cosmetic Chemists of Great Britain

VI1Il I.LF.S.C.C.
International Congress

Grosvenor House Hotel, London

August 26—s3oth 1974

COSMETICS—QUALITY AND SAFETY

TENTATIVE PROGRAMME

The provisional listing of papers which have been accepted for the
I.F.S.C.C. VIIl International Congress and the arrangements for the

Scientific sessions are as follows.

For the three days of the Scientific sessions, the morning sessions will
be from 0915 to approximately 1200 with a break for coffee and afternoon

sessions will be from 1415 to 1700 with a break for tea.

Preprints of the lectures will be available at the time of registration from
Sunday, 25 August onwards. All lectures will be simultaneously translated
into English, French, German, Spanish and Japanese. The presenters of
papers will be allowed 15 minutes for their presentation and there will be
approximately 15 minutes for discussion, although groups of discussions

will be taken together where papers are presented on similar topics.

A full social programme has been arranged following the opening

plenary session on Monday 26th August.

Registration forms and further details may be obtained from: General
Secretary, Society of Cosmetic Chemists of Great Britain, 56 Kingsway,
London.
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TUESDAY, 27 AUGUST 1974
Morning 0915-1200

QUALITY AND ANALYTICAL METHODS
Chairman: F. Serra (Spain), IFSCC President 1970/71
Co-chairman: M rs H. Butier, SCCofGB President 1972/73

‘Effect of Phase Inversion Temperature on Surfactant Location during Emulsification’
by T. J. Lin* and H. Ohtat (*Shen, Hsidng, Tang, Chemical Co., Taiwan andf Takasago
Perfumery Co. Tk Tokyo, Japan).

‘Some Considerations on the Detection Methods of Water-Soluble Polymers for Cos-
metics’ by S. Togano, E. Kadowaki and 1. Matsumoto (Shiseido Laboratories, Yoko-
hama, Japan).

‘Analytical Aspects of some Classes of Risk Bearing Substances in Cosmetics’ by D. H.
Liem (Government Food Control Station, Enschede, Netherlands).

‘Analytical Procedures for Chlorhexidine in Oral Products’ by E. Cropper and P. Platt
(Colgate-Palmolive Ltd, Manchester, England).

‘Determination of Allantoin in Dentifrices’ by P. Platt and S. Heath (Colgate-Palmolive
Ltd, Manchester, England).

Afternoon 1415-1700
EFFECTIVENESS OF COSMETICS 1
Chairman: S. J. Strianse (USA), IFSCC President 1963/64
Co-chairman: J. S. Cannell, SCCofGB President 1971/72

‘Effect of some Phosphates on Removal of Dental Plaque’ by A. Ishida, T. Amo and
F. Tokiwa (Household Products Research Laboratory, Tokyo, Japan).

‘New Cosmetic with Unique Appearance and Excellent Stability Formulated without
the use of Surfactants’ by S. Kubo, I. Hirano and J. Yamada (Shiseido Laboratories,
Yokohama, Japan).

‘Development of a Skin Cream Designed to Reduce Dry and Flaky Skin’ by J. D.
Middleton (Unilever Research Laboratory, Colworth/Welwyn, England).

‘Studies on Damaged Hairs’ by F. Miyazawa, F. Nozaki and T. Tamura (Papilio
Cosmetics, Tokyo, Japan).

‘Hair Breakage—the Scanning Electron Microscope as a Diagnostic Tool” by A. C.
Brown and J. A. Swift (Unilever Research Laboratory, Isleworth, England).
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WEDNESDAY, 28 August 1974
Morning 0915-1200
EFFECTIVENESS OF COSMETICS II

Chairman: L. I. Conrad (USA), IFSCC President 1967/68
Co-chairman: K. M. Godfrey, SCCofGB Presdient 1970/71

"So-Called Odor-Eliminators, Part IT by E. Paukner, W. Steiner and V. Fludowenz
(DROM, Baierbrunn, Germany).

‘The Evaluation of a New Sunscreening Agent for Safety and Activity’ by L. I. Conrad
(Amerchol, New Jersey, USA).

‘Advanced Development of Filters Against Solar Radiation’ by J. Lukac, V. Krs,
.1 Sajvera, K. Licha (Levica Narodni Podnik, Prague, Czechoslovakia).

"The Cleaning Power of Dentifrices’ by W B. Davis and D. A. Rees (Beecham
Products, Brentford, England).

‘Nouvelles Données Concernant L’Etude Analytique et Le Contrdle de L’Activitie
D ’Extraits Placentaires Humains’ by J. Cotte, B. Guillot, Peyron & Mme. Patet (Hopital
Debrousse, Lyon, France).

Afternoon 1415-1530
MICROBIAL PROBLEMS AND MANUFACTURING
Chairman: M. G. deNavarre (USA), IFSCC President 1959/60
Co-chairman: D. E. Butterfiei ', SCCofGB President 1967/68

"The Incidence of Spoilage Bacteria in Water and the Number Required to Initiate
Contamination in Shampoos’ by S. A. Malcolm and R. C. S. Woodroffe (Unilever
Research Laboratory, Isleworth, England).

‘Assimilation of Selected Cosmetic Surfactants by Micro-organisms and Determining
the Preservative Activity of Different Antimicrobial Agents’ by H. Futagoishi and
K. Hasunuma (Kanebo Co. Ltd, Kotobukicho, Japan).

‘Some Problems in the Large Scale Manufacture of Topical Products’ by J. S. D. Lee
(ICI Ltd, Pharmaceutical Division, Macclesfield, England).

Afternoon 1555-1700
COSMETIC LEGISLATION

Chairman: S. D. Gershon (USA), IFSCC President 1972/73
Co-chairman: A. W. Middleton, SCCofGB President 1966/67

"Implications of the Enlarged European Community on the Quality and Safety of
Cosmetics and Toiletries’ by D. M. Gabriel (Unilever Research Laboratory, Isleworth,
England).

‘Legislation as Protection for the Good Cosmetic and Toiletry Manufacturer' by
H. Butler (D.D.D. Company Ltd, Watford, England).
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THURSDAY, 29 August 1974
Morning 0915-1200
COSMETIC SAFETY AND TOXICOLOGY 1
Chairman: A. E. Desperrois (France), IFSCC President 1965/66
Co-chairman: C. Pugh, SCCofGB President 1968/69

‘Adsorption of Zinc Pyrithione onto Hair and Skin’ by T. Okumaura, S. Horin, S.
Hayashi and F. Tokiwa (Household Products Research Laboratory, Tokyo, Japan).

‘Comparative Study of the Action of Surfactants on Some Proteinic Material. Parallel
Connections between such “in vitro” data and the Irritation Potential on Human Skin’
by F. Balaguer,* J. J. Garcia Dominguez,! J. L. Parraj and C. Pelejero* (*Antonio
Puig, S.A.; fPatronato Juan de la Cierva; Barcelona, Spain).

‘Percutaneous Absorption of Irgasan DP 300 from Toilet Preparations’ by J. G. Black
and D. Howes (Unilever Research Laboratory, Colworth/Welwyn, England).

‘Percutaneous Absorption of some Anionic Surfactants’ by D. Howes (Unilever Re-
search Laboratory, Colworth/Welwyn, England).

‘Factors which Determine the Skin Irritation Potential of Soaps and Detergents’ by
C. Prottey and T. Ferguson (Unilever Research Laboratory, Colworth/Welywn,
England).

‘Exaggerated Exposure in Topical Irritancy and Sensitization Testing' by N. J. Van
Abbe, P. Nicholas and E. Boon (Beecham Products, Leatherhead, England).

Afternoon 1415-1700
COSMETIC SAFETY AND TOXICOLOGY 11
Chairman: P. H. Witjens (Netherlands), IFSCC President 1966/67
Co-chairman: G. A. C. Pitt, SCCofGB President 1973/74 and 1962/63

‘The Safety of Fragrances’ by D. L. Opdyke (Res. Inst, for Fragrance Materials Inc.,
New Jersey, USA).

‘Studies on the Irritancy of Oils and Synthetic Perfumes to the Skin of Rabbit, Guinea
Pig, Rat, Miniature Swine and Man' by K. Motoyoshi, Y. Toyoshima, M. Sato,
M. Yoshimura, M. Mochizuka, T. Ishida and K. Yamoato* (Pola Corporation,
Yokohama; *Dept of Dermatology, National Childrens Hospital, Tokyo; Japan),

‘Eye Irritation Tests. An Assessment of the Maximum Delay Time for Remedial
Irrigation” by R. E. Davies, S. R. Kynoch and M. P. Liggett (Huntingdon Research
Centre, England).

‘Bergaptene Toxicity’ by M. A. Cooke* and E. A. Fairburnt (*Albright & Wilson Ltd and
the Birmingham Skin Hospital; (-University of Birmingham; England).

‘Dermatological, Histological and Inhalatory Examination of Aluminium Chlor-
hydroxide’ by K. Rieger (Hoechst A. G., Augsburg, Germany).
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Inodin

Iriodin®

produces interesting
fashionable lustreous
effects

e.g. in lipsticks,
eyeshadow preparations,
foundation creams,
powders, foam baths etc.

For prices and advice on
formulations please contact

E. Merck, Darmstadt Germany
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Leaflets, samples,
recipe suggestions and
quotations available on
request.
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acomplete selection
of lanolins and
lanolin derivatives

for cosmetics and
pharmaceuticals

LANOLINS

» ANHYDROUS USP EXTRA DEODORIZED .

® COSMETIC GRADE USP

PHARMACEUTICAL GRADE USP
« TECHNICAL GRADE

LANOLIN DERIVATIVES

RITALAN® 100% Pure Lanolin Oil. Non-allergenic, and
non-sensitizing moisturizer, skin lubricator, penetrant, tack-
free lipid and oil soluble.

RITALAN “C"® Low Viscosity Esterified Lanolin Sterol.
Ideal for epidermal penetration. Superior emollient vehicle,
blending agent and wetting agent for all types of cosmetics
and hair preparation.

FORLAN® Cholesterol Absorption Bases. From active Lan-
olin Fractions. Excellent emollience and emulsion stability.

LANETO® Ethoxylated Water Soluble Hydrophyllic Lanolin.
50% and 100% active. Provides excellent surface active
Broperties for hair sprays, ointments, soaps, deodorants,
ath oils, lotions and shaving creams.

RITACHOL® Liquid Cholesterol Emulsifier. Naturally hydro-
phyllic, non-ionic . . . derived from cholesterol and pure
Lanolin related sterols. For creams, lotions, ointments,
aerosols, soaps and shaving preparations.

SUPERSAT® Hydrogenated and Hydrogenated Ethoxylated
Lanolins. Low odor, good color, highly stable. Leaves a
smooth velvety film without tack or stickiness. Excellent
spreadability. Range of six different concentrations of EO.

FORLAN "S"® Anhydrous Lanolin Absorption Base. Spe-
cially formulated for topically applied pharmaceuticals,
ointments, cremes and lotions.
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