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Amphoterics? 
Sulpho-succinates? 

Specialised Alkylolamides? 
When you want surfactants your shape, 

call Dutton and Reinisch.
U n t i l  n o w ,  s p e c i a l i s e d  o r g a n i c  s u r fa c t a n t s  h a v e  b e e n  
h a r d  t o  f i n d .  B u t  n o w ,  w i t h  o u r  n e w  C u m b e r l a n d  
f a c t o r y  s p e c i a l l y  d e s ig n e d  f o r  t h e ir  m a n u f a c t u r e ,  
y o u  c a n  o r d e r  t h e s e  s p e c i a l i s e d  s u r f a c t a n t s ,  in 
c l u d i n g  ‘ t a i l o r - m a d e ’  p r o d u c t s  f o r  y o u r  o w n  s p e c i f i c  
r e q u i r e m e n t s .
N o  i m p o r t  c h a r g e s .  N o  o u t r a g e o u s  d e l i v e r y  d a t e s .  
S p e c ia l i s e d  o r g a n i c  s u r fa c t a n t s  f o r  c a r p e t  s h a m p o o s ,  
d o m e s t i c  d e t e r g e n t s ,  in d u s t r ia l  lu b r i c a n t s  a n d  c l e a n 
e rs , s k in  p r o t e c t i o n  p r o d u c t s ,  h a ir  s h a m p o o s ,  a n t i-  
d a n d r u f f  p r e p a r a t io n s  a n d  a n t i - c o r r o s i v e  m a te r ia ls  
a re  a v a i la b le  t o d a y  f r o m  D u t t o n  a n d  R e i n i s c h .
N e w  A m p h o t e r i c s  T h e  L O R A P O N  r a n g e  o f  c y c l i c  
i m i d a z o l i n i u m  d e r iv a t iv e s  a n d  s t r a i g h t - c h a in  a c y l  
a m i d o  b e t a i n e s  - c o s m e t i c  a p p l i c a t i o n  i n c l u d e  b a b y  
s h a m p o o s ,  b a t h  p r o d u c t s  a n d  c l e a n s in g  l o t i o n s ;  
in d u s t r ia l l y ,  a m p h o l y t e s  a r e  u s e d  in  a c i d  a n d  a lk a li  
m e t a l  c l e a n in g  a n d  f i n i s h in g  o p e r a t i o n s .

T h e  L o r a m i n e  r a n g e  o f  u n d e c y l e n a m i d o  d e r iv a t iv e s  
M i ld  a n d  s a fe  t o  u s e  o n  t h e  s k in ,  t h e y  s h o w  a l m o s t  
u n l i m i t e d  c o m p a t a b i l i t y  w i t h  o t h e r  b i o c i d a l  a g e n t s ,  
a n d  a r e  s e l e c t i v e l y  e f f e c t i v e  a g a in s t  p a t h o g e n i c  
o r g a n is m s .
T h e  C o n d a n o l  r a n g e  o f  s u l p h o s u c c i n a t e s  T h e s e  h a v e  
b e e n  s p e c i a l l y  d e v e l o p e d  f o r  t h e  a v o i d a n c e  o f  r e 
s o i l i n g  in  l i q u id  c a r p e t  s h a m p o o  f o r m u l a t i o n s ,  a n d  
p o s s e s s  e x c e l l e n t  d r y  r e s id u e  c h a r a c t e r i s t i c s .
I f  n e c e s s a r y ,  w e  w i l l  m o d i f y  a n y  s u r f a c t a n t  t o  f i t  
y o u r  o w n  f o r m u l a t i o n
O r d e r  w i t h  c o n f i d e n c e  O u r  n e w  f a c t o r y  a t F l i m b y ,  
C u m b e r l a n d  c o v e r s  2 2 , 0 0 0  s q .  f t . ,  is  s p l e n d i d l y  
e q u i p p e d  w i t h  f i r s t  c la s s  l a b o r a t o r i e s  a n d  p l a n t ,  a n d  
is s t a f f e d  b y  e x p e r t  t e c h n i c i a n s .  I f  y o u  n e e d  q u a l i t y  
s u r f a c t a n t s ,  t h is  is  t h e  p l a c e  t o  g e t  t h e m .

W r i t e  f o r  s a m p le s  a n d  f u r t h e r  i n f o r m a t i o n .

I  D u t t o n  &  R e in is c h  L td .
Specialists in Surfactant Chemistry

London Sales Office: 130-132 Cromwell Road, London SW7 4HB Tel: 01-373 7777 Telex: 23254 
Works Address: Flimby, Maryport, Cumberland Tel: Maryport 3333 Telex: 64217

' 1

y , >Y''



Journal o f  the Society o f  Cosmetic Chemists Voi. 25 No. 4 1974

INDEX TO ADVERTISERS

A nstead Limited . . . .  . .  . . . .  Inside Front Cover

Croda Chemicals Limited . .  . .  . . . .  Inside Back Cover

D utton and Reinisch . .  . .  . .  . .  . .  . .  . .  i

Firmenich Co ....................  . .  . .  . .  . .  . .  . . iv

Johnson W ax . .  . .  . .  . .  . .  . .  . .  . .  iii

Chemisches Laboratorium D r K urt R ichter G mbh . .  . .  viii

M erck . .  . .  . .  . .  . .  . .  . .  . .  . .  v

M acfarlan Smith Limited . .  . . . . Outside Back Cover

N orda International . .  . . . .  . .  . . . . . . iii

R .LT.A. Chemical Corporation ........................................................ vi

A lle rg ic  Diseases: Diagnosis and 
Management
Edited by Roy Patterson m . d . 1972. 
672 pages, 74 illustrations (8 colour). 
Lippincott, £11.90
This book covers those clinical problems 
that are commonly seen in the daily practice 
of allergy. It is a modern and up-to-date 
reference work written by eighteen specia
lists whose wide experience and authority 
ensure that the book will become recognized 
as an important addition to the literature 
on the diagnosis and treatment of allergic 
diseases. It will be useful to all physicians 
who are occasionally confronted with aller
gic problems in their practice, as well as 
specialists in allergy and immunology.

M anual o f Skin Diseases
Gordon C. Sauer m . d . Third Edition, 
1973. 442 pages, 589 illustrations
(237 colour). Lippincott, £12.00
Nearly 200 new illustrations are among the 
changes and additions made to the third 
edition of this well-known manual. There 
are also new chapters on paediatric derma
tology, geriatric dermatology, photosensi
tivity, skin problems and hereditary skin 
problems. This book is a refreshing change 
from the weighty tomes of the standard 
texts and its wealth of illustrations present 
virtually all known skin diseases with the 
utmost clarity. This is an essential aid 
which should be available to everyone 
working in dermatology and is likely to be 
in constant use as a library and laboratory 
reference.

Blackwell Scientific Publications
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Decision analysis and its relevance to subjective testing: A. H. Christer. 
Journal o f  the S o c ie ty  o f  C osm etic  C hem ists 25 159-181 (1974)

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

Response of the frog olfactory system to controlled odour stimuli:
T. M ichael Poynder. Journal o f  the S o c ie ty  o f  C osm etic  C h em ists 25 
183-202 (1974)

Synopsis—The electrical events which occur in the nose o f a frog when it is 
stimulated w ith odorants have been studied.

For this study new techniques were developed fo r applying stimuli o f 
known composition and controlled concentration in a reproducible 
manner. The concentration and tim ing o f the stimuli in the nose cavity 
has been monitored by means o f a new device consisting o f a sampling 
probe connected to a flame ionization detector.

The ranges o f concentration used have been wider than those reported 
previously and the form  o f the relationship between concentration and 
response size is now seen more clearly. I t  is that to be expected fo r a 
Langmuir type adsorption o f odorant molecules on the receptor surface.

Sesquiterpenes in the perfumery industry: H . R. A nsari and A. J. Curtis. 
Journal o f  the S o c ie ty  o f  C osm etic  C hem ists 25 203-231 (1974)

Synopsis—The developments in sesquiterpenoid chemistry are reviewed 
w ith especial reference to their application in perfumery.
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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 o f  Perfumers and the Society o f  Cosmetic 
Chemists o f  Great Britain at Eastbourne on 7-9th  M a y  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 and PERFUMERY INDUSTRY. In particular, the decision situation in 
which only subjective information is available is discussed.

I n t r o d u c t io n

The purpose o f this paper is to introduce the fundamental ideas o f 
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 
o f subjective testing, Pridmore (1), as with the way in which the results o f 
any such subjective measure might be incorporated into a decision pro
cedure.

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

♦Department of Operational Research, University of Strathclyde, Glasgow.
159
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good choices in situation o f 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 o f the terms and concepts of decision analysis. In 
essence, the decision process can be represented as follows:

Possible Problem situation
-----------^

actions
----------->
----------->

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 o f action 
possible;

(b) the process o f decision will select from these alternatives only one 
course o f 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 o f advertising media to use.
What size and shape o f container to market a product in.
A stock control policy.
The size and location o f a new factory or extension.

We denote the zth strategy by Xr

Outcome
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Environments
The assemblage o f all factors outwith the control o f the decision-maker 

constitute the environment. States o f nature and environments are inter
changeable terms. Possible environmental factors are: 

weather conditions a price index
availability o f raw material availability o f labour 
cost o f raw material competitors’ marketing strategy
demand for a product

A particular choice o f 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 o f gaming. 
We denote the /th state or environment by Z}.

Result I Outcome
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 o f both A,, and Zp so we may write

Ru =  A x o z ) -
If in any situation this function were known, for example R i} = aXi + b Z f  
the result o f each strategy environment interaction could be calculated. 
Such a result might be written as follows:

Results Environments

W
Z\ ^2 ^3 ^4 
-̂ 11 1̂2 -̂ 13 -̂ 14

Strategies R 2i R %2 R 23 R 24
X 3 -̂ 31 -̂ 32 ^33 ^34

Possible sources o f  difficulty

This simple notation conceals a number o f 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 o f 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 o f a ‘sub-decision’ on 
the part o f 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 o f evaluating Rtj given environment Z ; and strategy X. 
as the object study.

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

/q = value o f sales in the first 6 months,
/•2 = value o f sales in the first 2 years, 
r3 = total net profit gained over first year,
/•4 = 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 a four-dimen
sional vector R(ru r2, rz, /-4) with different strategies and environments 
giving rise to different values o f rv  Suppose the two possible strategies Xv 
X2 (under a specific environment) give rise to

-> R(5 000, 23 000, 2 000, 1 400)
Z 2 -> R(8 000, 19 000, 1 900, 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 
o f time? Should a period o f 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 o f 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 o f paramount importance and concern was 
r3, r4, r2 and ru and a fractional increase in r3 was preferable to any increase 
in /-4, r2 and rx: that a fractional increase in r4 was preferable to any extent o f 
increase in r2 and rx: and that an increase in r2 was superior to any increase 
in t\. Then the order r3, r4, r2 and rL is a lexicographic ordering (3) o f the out
come parameters for the decision-maker. His choice o f R would be that 
with the best value o f  r3. Should two or more policies have the same best 
value o f r3, the choice is made between them on the basis o f 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 Rs is preferred to R, (3). Clearly the decision function is 
itself dependent upon the decision-maker. The existence o f 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 o f 
uncertainty, decision problems are divided into those o f 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 o f 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 o f the environment. Thus the result R is a function o f X  only, i.e. 
R = R(X,).
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A typical problem of decision under certainty is the selection o f a 
production schedule when the cost and times associated with production 
are known. For example, consider a company about to manufacture a 
quantity o f three cosmetics or perfumes, A, B and C. Before production can 
begin there is a certain amount o f preparation required, such as adjustment 
o f machinery, cleaning o f apparatus, etc. The standard o f 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, so as to 
minimize the set up costs. Each order (A, C, B) is a possible strategy X r 
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 o f view o f such 
costs is (C, B, A) at a minimum cost 6.

In terms o f the decision problem the above problem is as follows.
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Z x -  one environment

A'i
X-L *21 =  14
X  3 *21=16
X\ A ', =  18 optimum R y  -  7?61
X 5 13 therefore decision is X 6

*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 o f 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 o f 
three sizes at a cost o f £2, £1.50 or £1, and also, associated with these 
strategies and environments, an estimate o f the likely profit over a year has 
been established as follows.

Profit (suitable
units) Good Average Poor

46, (£2) 7 3 1.5
Strategy X 2 (£1.50) 3 4 4

*3 (£1) 4 2 5

Hence the decision-maker has to choose between the policies Xx, X2 and 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 o f 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, X s — 11/3 
and Xx is accordingly chosen.

There are many other ways o f making this selection. Each policy could 
be viewed in terms o f its worst possible outcome, in which case X2 would be 
chosen since it has the best worst outcome. This procedure o f choice is the 
pessimist’s criterion o f Wald. O f course, one could equally well make the 
choice on the basis o f the very best possible outcome, or a mixture o f the 
best and worst outcomes.

One selection criterion o f interest to us here is that due to Savage- 
minimax regret criterion. The selection is made on the basis o f 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 3.5 3.5
x, 4 0 1 4
x, 3 2 0 3

The chosen strategy is here X 3 since it has the minimum maximum regret. 
Now suppose initially market prices o f £2 and £1 are considered. If the 
decision-maker were to choose on the basis o f 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 
o f uncertainty. Most likely they would attempt to obtain further informa
tion as to the prevailing environment. This leads to a situation o f risk.

Decisions under risk

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

Consider the situation o f 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 o f time, there are two alternatives open to him

Xx approve the promotion,
X2 reject 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.

Profit
£

Very
favourable 

Z 2
Favourable

^2
Unfavourable

Z 3

X i 250 000 60 000 -100 000
*2 0 0 0
P (Z ) 0.4 0.3 0.3

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

X ,~ J j R vp(Z ). (1)

In the present case, therefore,
~  £250 000 x 0.4 + £60 000 x 0.3 -  £100 000 x 0.3 = £88 000 

X2 ~  £0 x 0.4 + £0 x 0.3 + £0 x 0.3 = £0
and policy Xx is 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 o f £100 000. O f course, the decision-maker will never actually 
get £88 000 in any single case. Clearly his gain is fixed as one o f £250 000, 
£60 000, —£100 000 or £0. The interpretation o f 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 X1 is £88 000.

V!f-V '-A ' i sji vitnfl tfl91
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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 o f an introductory nature may be found in Raiffa (5) and Lindley
(4).

I n f o r m a t io n  p r o b le m

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 o f 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 Z i Z 2

x 3 250 000 60 000 0
p (Z ) 0.4 0.3 0.3

Here the probabilities express the marketing manager’s degrees o f belief the 
market survey will indicate each particular environment prevails. The 
expected value o f X 3 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

Another way o f arriving at the ‘value o f information’ is to consider the 
effect it has had upon the decision. If environments Z x and Z 2 prevail, the 
purchase o f information has added to the costs but not to the return since 
decision X1 would have been taken anyway. If, however Z 3 prevails, the 
purchase o f information prevents a loss o f £100 000. Since the prior prob
ability of Z 3is0.3, the information offsets an expected loss o f £100 000 x 0.3 
= £30 000.

As already stated, on expected value grounds, provided the cost o f 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 o f 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 o f the situation as expressed by his 
probability distribution p{Z).

The assumption o f infallibility o f a market survey is, o f course, not 
realistic. Accepting the fact that such tests are subject to error, how much is a 
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 o f 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

(2)

The value o f information is therefore given by

(3)

Imperfect information
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Manager s p rior 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 o f 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 o f the manager’s priors, the survey information or 
perhaps a mixture o f both? It would appear the purchase o f 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  | X) =
p(Z  and X )

W )
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In words, the probability o f an environment being Z, given information X, 
is the probability o f Z  and X  divided by the probability o f 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 o f that policy X, which 
maximizes his expected return 1/%/X'Z,).

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

m ijP{Zj | x)p(x)

which using (4) becomes

lR ijP(X  | Z ,M Z .).
j

In the particular case under discussion, there are two possible pieces o f
(0

information X resulting from the survey: X—  a favourable environment and
(2)

therefore advise invest, and X —an unfavourable environment. For each 
value o f X, the policy leading to the greatest expected value will, o f course, 
be selected. This being so, the expression may accordingly be written

EV(Xi) = I  {max ^RijP(X  \Zj)p(Zj)
X  I * j

(1) (2)
= max ZRyPtX \ Z.)p(Zj) + max ^Ri]P(X  | Z ; )p(Z; ). (5)

‘  i  i  j

Suppose, for the purpose o f demonstration, an analysis o f past experience 
with survey tests indicates they can be expected to give the correct result 
some 80% o f 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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Profit
Very

favourable

z ,

Favourable

A

Unfavourable

z 3

S R  ijP(X  Z j)p (Z j)  
j (1) (2)

X  X

-T 250 000 60 000 -  too 000 88 400 -  400
W 0 0 0 0 ‘0’
P (Z ) 0.4 0.3 0.3

(i)
p (X  | Z ) 0.8 0.8 0.2

(2)
p {X  | Z ) 0.2 0.2 0.8

( i )
F o r  X .  =  X ,  X  =  X lt T-RtjP ( X  | Z J)p (Z j ) i s  g i v e n  b y

2 5 0  0 0 0  x  ( 0 . 8 )  x  ( 0 . 4 )  +  6 0  0 0 0  x  ( 0 . 8 )  x  ( 0 . 3 )  -  1 0 0  0 0 0  x  ( 0 . 2 )  x

( 0 . 3 )  =  8 8  4 0 0
(2)

a n d  f o r  X 1, X  b y

2 5 0  0 0 0  x  ( 0 . 2 )  x  ( 0 . 4 )  +  6 0  0 0 0  x  ( 0 . 2 )  x  ( 0 . 3 )  -  1 0 0  0 0 0  x  ( 0 . 8 )  x

( 0 . 3 )  =  -  4 0 0 .

F r o m  e x p r e s s io n  ( 5 )  w e  n o w  h a v e  f o r  t h e  e x p e c t e d  v a lu e  o f  X x a n d  X 2 u s i n g  

t h e  i m p e r f e c t  s u r v e y  i n f o r m a t i o n

E V i X j )  =  £ 8 8  4 0 0  +  £ 0 ,  E V ( X 2)  =  £ 0 .

T h u s  t h e  v a lu e  o f  p e r f e c t  i n f o r m a t i o n  is  g i v e n  b y

£ 8 8  4 0 0  -  £ 8 8  0 0 0  ( e x p e c t e d  v a lu e  w i t h o u t  i n f o r m a t i o n )  =  £ 4 0 0 ,  a n d  t h e
(2)

d e c i s i o n  p r o c e d u r e  i s  X x i f  X  o b t a i n s ,  o t h e r w a y s  X 2.
E v i d e n t l y  t h e  m a n a g e r  w o u l d  b e  i l l  a d v i s e d  t o  p a y  m o r e  t h a n  £ 4 0 0  f o r  

t h i s  p a r t i c u l a r  s u r v e y  s in c e  t h e  e x p e c t e d  v a lu e  o f  h i s  d e c i s i o n  w i l l  o n l y  

i n c r e a s e  b y  t h i s  a m o u n t .  I t  i s  a  m a t t e r  o f  c o m m o n  s e n s e  t h a t  a  m a n a g e r  w i t h  

a  l o w  o p i n i o n  a s  t o  t h e  m a r k e t a b i l i t y  o f  a  p r o d u c t  is  u n w i l l i n g  t o  p a y  m u c h  

f o r  f u r t h e r  i n f o r m a t i o n .  T h e  a b o v e  p r o c e s s  p r o v i d e s  u s  w i t h  a  n u m e r i c a l  

v a lu e  f o r  t h i s  i n f o r m a t i o n .  A  s l i g h t l y  m o r e  g e n e r a l  e x p r e s s io n  f o r  t h e  v a lu e  

o f  i m p e r f e c t  i n f o r m a t i o n  h e r e  is

I / m a x  l R ijp ( X \ Z J )p (Z j ) \  -  m a x  I Æ,yp ( Z . )
Z L /  j J j j

w h i c h  r e p r e s e n t s  t h e  d i f f e r e n c e  b e t w e e n  t h e  e x p e c t e d  v a lu e  w i t h  i m p e r f e c t  

i n f o r m a t i o n  a n d  t h a t  w i t h o u t  i t .

T h i s ,  t h e  B a y s ia n  a p p r o a c h  t o  a  d e c i s i o n  p r o b l e m ,  u s e s  a l l  t h e  i n f o r 

m a t i o n  a v a i l a b l e  i n  a  l o g i c a l  a n d  c o n s i s t e n t  m a n n e r  t o  a n a l y s e  t h e  d e c i s i o n  

s i t u a t i o n .  W h e n  e v a l u a t i n g  a  n u m e r i c a l  m e a s u r e  o f  t h e  e x p e c t e d  c o n s e 

q u e n c e s  o f  a  p a r t i c u l a r  c h o i c e  X f , u s e  i s  m a d e  o f  b o t h  t h e  m a n a g e r ’ s p r i o r s
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a n d  t h e  s a m p le  r e s u l t  X .  T h i s  s e e m s  r e a s o n a b l e  s in c e  t h e  i n f o r m a t i o n  X  i s  a  

f u n c t i o n  o f  t h e  n u m b e r  o f  p e o p l e  s u r v e y e d ,  t h e  f o r m a t  o f  t h e  s u r v e y ,  e t c . ,  

w h e r e a s  t h e  m a n a g e r ’ s p r i o r s  p ( Z )  a r e  b a s e d  u p o n  a  d i f f e r e n t  s o u r c e  o f  

i n f o r m a t i o n ,  n a m e l y  h i s  e x p e r i e n c e  a n d  k n o w l e d g e  t o  d a t e .  H e r e  t h e  

b r o a d e s t  p o s s i b l e  d a t a  b a s e  is  u s e d  f o r  t h e  d e c i s i o n .  F o r  f u r t h e r  r e a d i n g  o n  

t h i s  t o p i c ,  t h e  r e a d e r  i s  r e c o m m e n d e d  t o  l o o k  a t  ( 4 )  a n d  ( 5 ) .

S u b je c t iv e  tests  a n d  in f o r m a t io n

I n  t h e  p r e v i o u s  s e c t i o n  a r e  d is c u s s e d  t h e  u s e  o f  i n f o r m a t i o n  w h i c h  w a s  

e s s e n t i a l l y  a n  o b j e c t i v e  m e a s u r e  o f  a  s p e c i f i c  q u a n t i t y  s u c h  a s  m a r k e t  s h a r e .  

W e  d is c u s s  i n  t h i s  s e c t i o n  t h e  v a lu e  a n d  u s e  o f  t e s t s  a n d  i n f o r m a t i o n  w h i c h  

a r e  s u b j e c t i v e  i n  n a t u r e .

C o n s i d e r  t h e  s i t u a t i o n  o f ,  s a y ,  a  s o a p  m a n u f a c t u r e r  w h o  w is h e s  t o  p e r 

f u m e  h is  p r o d u c t .  H i s  p r o c e d u r e  m i g h t  b e  t o  c o m p i l e  a  p e r f u m e  s p e c i f i c a t i o n  

a n d  d u l y  i n v i t e  s a y  s i x  p e r f u m e r s  t o  s u b m i t  a  s a m p le  a s  t e n d e r .  P r e s u m a b l y  

t h e  p e r f u m e  s p e c i f i c a t i o n  i n d i c a t e d  a n y  p r i c e  l i m i t  t h e  m a n u f a c t u r e r  w is h e d  

t o  im p o s e .  I f  a l l  s i x  p e r f u m e r s  s u b m i t  t e n d e r s ,  t h e  m a n u f a c t u r e r  n e e d s  t o  

c h o o s e  b e t w e e n  s i x  p e r f u m e s ,  ,S j,  So, S 3, S 4, S 5, S 6 f o r  h i s  p r o d u c t .

I t  a p p e a r s  a  c o m m o n  m e t h o d  e m p l o y e d  t o  m a k e  t h i s  c h o i c e  i s  t o  u s e  a  

c o n s u m e r  p a n e l .  H e r e  a  t e a m  o f  3 0  o r  s o  i n d i v i d u a l s  a r e  r e q u e s t e d  t o  g iv e  

t h e i r  o p i n i o n  a n d  p r e f e r e n c e  o n  t h e  s a m p le s  S ; , a n d  a  p a r t i c u l a r  o n e  S *  
s e le c t e d  o n  t h e  b a s is  o f  t h i s  i n f o r m a t i o n .  S u c h  a  p r o c e s s  h a s  t h e  a t t r a c t i o n  

o f  b e i n g  s i m p l e  t o  o p e r a t e  a n d  a ls o  o f  a v o i d i n g  a n y  r e a l  d e c i s i o n  o n  t h e  p a r t  

o f  t h e  m a n u f a c t u r e r  i n  a  h i g h l y  s u b j e c t i v e  a r e a .

P a n e l tests

A n  o b v i o u s  q u e s t i o n  h e r e  is  h o w  o n e  w o u l d  r e c o g n i z e  a  g o o d  c h o i c e  o f  

S *  a n d  a ls o  w h a t  i s  e x p e c t e d  o f  i t ?  B e f o r e  w e  d is c u s s  th e s e  p o i n t s  f u r t h e r ,  i t  

w i l l  b e  u s e f u l  t o  c o n s i d e r  s o m e  p o s s ib l e  p r o b l e m s  a s s o c ia t e d  w i t h  a  p a n e l  

t e s t  o f  t h e  t y p e  d e s c r i b e d  a b o v e .  W e  s h a l l  a s s u m e  e a c h  a n d  e v e r y  m e m b e r  o f  

t h e  p a n e l  t o  b e  a  c o h e r e n t  i n d i v i d u a l  c a p a b le  o f  g i v i n g  a n  i n f o r m e d  o p i n i o n .  

B e in g  c o h e r e n t  i n d i v i d u a l s ,  t h e i r  p r e f e r e n c e s  a r e  t r a n s i t i v e  i n  t h a t  i f

S f S .  a n d  S .P S k t h e n  S iP S lc 

w h e r e  P  d e n o t e s  p r e f e r r e d  t o .

S u p p o s e  t h r e e  f i r m s  A ,  B  a n d  C  h a v e  s u b m i t t e d  p e r f u m e  t e n d e r s ,  a n d  t h e  

p r e f e r e n c e  o r d e r i n g s  o f  a  s e v e n  m a n  p a n e l  is  a s  f o l l o w s :
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1 A P B P C A P B
2 A P B P C A P B

Panel 3 A P B P C A P B
member 4 B P A P C B P A

5 B P A P C B P A
6 C P B P A B P A
7 C P B P A B P A

three samples two samples

N o w ,  i f  N ( Y )  i s  t h e  n u m b e r  o f  t i m e s  p e r f u m e  Y  i s  t h e  m o s t  p e r f u m e d  

c h o i c e ,  a n d  t h e  g r o u p  d e c i s i o n  i s  m a d e  o n  t h e  b a s i s  o f  t h e  h i g h e s t  v a lu e  o f  

N ( Y ) ,  w i t h  s o m e  f u r t h e r  c r i t e r i o n  f o r  d e c i s i o n  i n  t h e  c a s e  o f  a  t i e ,  i n  t h e  

a b o v e  c a s e  w i t h  t h r e e  s a m p le s  w e  h a v e ,

N (A )  =  3 ,  A ' ( B )  =  2 .  A ' ( C )  =  2

A c c o r d i n g l y  p e r f u m e  A  i s  s e le c t e d  o u t  o f  t h e  s e t  A ,  B  a n d  C .  I f ,  h o w e v e r ,  

o n l y  t w o  s a m p le s  a r e  c o n s i d e r e d  b y  t h e  p a n e l ,  s a y  A  a n d  B ,  w e  s e e  f r o m  t h e  

s e c o n d  t a b le  a b o v e  w h i c h  i s  o b t a i n e d  b y  d e l e t i n g  p e r f u m e  C  f r o m  t h e  f i r s t  

t a b le ,

N (A )  =  3 ,  A r( B )  =  4

a n d  s o  B  w o u l d  b e  c h o s e n  f r o m  t h e  s e t  A ,  B .

I n  s h o r t ,  e v e n  t h o u g h  e a c h  m e m b e r  o f  a  p a n e l  i s  c o h e r e n t ,  i t  i s  p o s s ib l e  

f o r  a  g r o u p  d e c i s i o n  p r o c e d u r e  t o  b e  i n c o h e r e n t .

A s  a  f u r t h e r  e x a m p l e  o f  t h e  k i n d  o f  p r o b l e m  t h a t  c a n  a r is e  i n  g r o u p  

d e c i s i o n - m a k i n g ,  c o n s i d e r  t h e  f o l l o w i n g  t h r e e  p a n e l  m e m b e r ,  t h r e e  p r o d u c t  

p r o b l e m

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

3 C P A  P B

L e t  t h e  m e c h a n i s m  f o r  p r o d u c i n g  a  p a n e l  c h o i c e  b e  a s  f o l l o w s :  e a c h  i n d i 

v i d u a l  r a n k s  t h e  a l t e r n a t i v e s  a s  s h o w n :  f o r  e a c h  p a i r  ( X , 7 ) ,  t h e  n u m b e r  

N { X ,  Y ) ,  b e i n g  t h e  n u m b e r  o f  t i m e s  p e r f u m e  X  i s  p r e f e r r e d  t o  7 ,  i s  d e t e r 

m i n e d :  t h e  a l t e r n a t i v e s  f o r  t h e  p a n e l  a r e  t h e n  r a n k e d  o n  t h e  b a s is  o f  t h e  

n u m b e r s  N ( X ,  7 ) .  W e  f i n d  t h a t

N (A ,  B )  =  2  N ( B ,  A )  =  1 

A ' ( B ,  C )  =  2  N (C ,  B )  =  1 

N (C ,  A )  =  2  N ( A ,  O  =  1
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I f  t h e  f i r s t  p a i r  d i s c u s s e d  i s  A  a n d  B ,  B  i s  d i s c a r d e d  i n  f a v o u r  o f  A .  I n  t h e  

n e x t  c o m p a r i s o n  b e t w e e n  A  a n d  C ,  A  i s  d i s c a r d e d  a n d  p e r f u m e  C  s e le c t e d .  

N o w ,  h a d  t h e  f i r s t  p e r f u m e s  c o m p a r e d  b e e n  B  a n d  C  o r  A  a n d  C ,  t h e  c h o i c e  

w o u l d  h a v e  b e e n  A  a n d  B  r e s p e c t i v e l y .  T h u s  w e  h a v e  a  p a n e l  o f  c o h e r e n t  

m e m b e r s  w i t h  a  d e c i s i o n  r u l e  f o r  o b t a i n i n g  a  g r o u p  c h o i c e  w h i c h  h a s  t h e  

u n d e s i r a b l e  q u a l i t y  o f  b e i n g  d e p e n d e n t  u p o n  t h e  o r d e r  o f  c o n s i d e r a t i o n  o f  

t h e  s a m p le s .

I t  i s  n o w  e v i d e n t  t h e  p r o c e s s  o f  o b t a i n i n g  a  g r o u p  c h o i c e  n e e d s  t o  b e  

t r a n s i t i v e ,  o r  c o h e r e n t ,  i f  a n y  u s e f u l  i n f o r m a t i o n  i s  t o  r e s u l t .  W h a t  i s  

r e q u i r e d  i s  a  ‘ W e l f a r e  f u n c t i o n ,  W \  w h o s e  i n p u t  d a t a  a r e  t h e  c o h e r e n t  

p r e f e r e n c e s  o f  t h e  p a n e l  m e m b e r s ,  a n d  w h o s e  o u t p u t  a r e  t h e  u n i q u e  p a n e l  

c h o i c e .  T h i s  f u n c t i o n  i s ,  b y  d e f i n i t i o n ,  a  c o h e r e n t  f u n c t i o n .

W e  r e t u r n  f o r  t h e  m o m e n t  t o  t h e  q u e s t i o n  o f  r e c o g n i z i n g  a  g o o d  c h o i c e  

S *  f r o m  S . .  I t  i s  e v i d e n t  t h e  c h o i c e  S *  i s  a  f u n c t i o n  o f  b o t h  t h e  s p e c i f i c  p a n e l  

u s e d  a n d  t h e  w e l f a r e  f u n c t i o n — o r  p a n e l  c h o i c e  p r o c e d u r e .  I t  i s  a r g u a b le  

t h a t  b y  h a v i n g  a  s u f f i c i e n t l y  l a r g e  p a n e l ,  t h e  i n d i v i d u a l  p r e f e r e n c e s  o f  p a n e l  

m e m b e r s  w i l l  i n  s o m e  s e n s e  b e  e v e n e d  o u t  a n d  t w o  p a n e l s  o f  s i m i l a r  c o m 

p o s i t i o n  a n d  s u f f i c i e n t l y  l a r g e  s iz e  w o u l d  b e  e x p e c t e d  t o  g i v e  t h e  s a m e  c h o i c e  

g i v e n  a  s p e c i f i c  w e l f a r e  f u n c t i o n .  T h i s  a s s u m p t i o n  i s  d i r e c t l y  m e a s u r a b le .

I f ,  a s  i s  o f t e n  a s s u m e d ,  a  s u f f i c i e n t l y  l a r g e  p a n e l  w i l l  p r o d u c e  a  c h o i c e  

w h i c h  i s  m o r e  o r  le s s  i n d e p e n d e n t  o f  t h e  i n d i v i d u a l  p a n e l  m e m b e r s ,  t h e  

c h o i c e  S *  i s  d i r e c t l y  d e t e r m i n e d  b y  t h e  w e l f a r e  f u n c t i o n  u s e d .  T h i s  b e i n g  s o ,  

t h e  m a i n  c h o i c e  t h e  s o a p  m a n u f a c t u r e r  h a s  t o  m a k e  i s  t h e  s e le c t i o n  o f  a  

w e l f a r e  f u n c t i o n  W . P r e s u m a b l y  h e  w i l l  v a l u e  h i g h l y  a n y  w e l f a r e  f u n c t i o n  h e  

b e l i e v e s  r e f l e c t s  t h e  p r e f e r e n c e  o f  t h e  m a r k e t  a t  l a r g e .  H o w  c a n  t h i s  s e le c t i o n  

o f  w e l f a r e  f u n c t i o n  b e  m a d e ?

S u p p o s e  t h e  m a n u f a c t u r e r  h a s ,  s a y ,  t w o  p o s s i b l e  w e l f a r e  f u n c t i o n s ,  W r 
a n d  W 2, a n d  i s  c o n t e m p l a t i n g  p e r f u m i n g  a  p r o d u c t .  F o l l o w i n g  t h e  u s u a l  

p r o c e d u r e ,  t e n d e r s  <S; a r e  i n v i t e d  a n d  a  p a n e l  t e s t  t o  d e t e r m i n e  p r e f e r e n c e s  

d u l y  c o n d u c t e d .  S in c e  t h e  m a r k e t  a s  s u c h  m i g h t  o b j e c t  t o  t h e  p a r t i c u l a r  

p r o d u c t  i n  q u e s t i o n  b e i n g  p e r f u m e d ,  t h e  m a n u f a c t u r e r  m a y  w e l l  a p p e n d  a  

n o n - p e r f u m e d  p r o d u c t  S 0 t o  t h o s e  s u b m i t t e d  t o  t h e  p a n e l .  N o w ,  i f  b o t h  

w e l f a r e  f u n c t i o n s  g i v e  t h e  s a m e  c h o i c e ,  t h a t  is

W A S ,, S 0)  =  W 2( S P S 0)  =  5 *

t h e  p e r f u m e  c h o i c e  S *  i s  c l e a r .  I f  t h i s  i s  n o t  t h e  c a s e ,  t h e  w e l f a r e  f u n c t i o n  t o  

c h o o s e  i s  i d e a l l y  t h a t  w h i c h  w i l l  l e a d  t o  t h e  g r e a t e s t  i n c r e a s e d  p r o f i t  f o r  t h e  

m a n u f a c t u r e r  o v e r  a  s p e c i f i c  p e r i o d .  A n  a n a l y s i s  o f  p a s t  o c c a s io n s  i n  w h i c h



176 JO U R N A L OF THE SOCIETY OF COSMETIC CHEMISTS

W 1 a n d  W 2 h a v e  b e e n  u s e d  c o u l d  r e s o l v e  t h i s  is s u e  o n  t h e  b a s is  o f  e x p e c t e d  

in c r e a s e  i n  p r o f i t  d u e  t o  t h e  s e le c t i o n  p r o c e d u r e s  W 1 a n d  W 2 r e s p e c t i v e l y .

The  p e rfu m e r 's  tendering  decision

C o n s i d e r  n o w  t h e  s i t u a t i o n  o f  t h e  p e r f u m e r  w h e n  s e le c t i n g  a  p a r t i c u l a r  

p e r f u m e  t o  t e n d e r  f o r  a  s p e c i f i c  c o n t r a c t .  I n  t h e  n o r m a l  c o u r s e  o f  e v e n t s ,  

t h e  p e r f u m e r  m i g h t  c r e a t e  t h r e e  o r  f o u r  p o s s i b l e  c a n d i d a t e s  i n  r e s p o n s e  t o  

t h e  p e r f u m e  s p e c i f i c a t i o n  a n d  t h e n  c h o o s e  o n e  a s  a  t e n d e r .  H o w  c a n  

t h i s  c h o i c e  b e  m a d e ?  T h e r e  a r e  t w o  c la s s e s  o f  p r o b l e m  h e r e .

( a )  T h e  p e r f u m e r  k n o w s  t h e  c u s t o m e r ’ s ( s o a p  m a n u f a c t u r e r )  w e l f a r e  

f u n c t i o n  W .
( b )  T h e  p e r f u m e r  is  i g n o r a n t  o f  t h e  c u s t o m e r ’ s w e l f a r e  f u n c t i o n .

W elfa re  fu n c t io n  know n
H e r e  t h e  p e r f u m e r  h a s  t h e  o p p o r t u n i t y  o f  p e r f o r m i n g  a  p a n e l  t e s t  

h i m s e l f  a n d  u s e  t h e  k n o w n  w e l f a r e  f u n c t i o n  t o  i d e n t i f y  w h i c h ,  o f  h i s  s e t  o f  

p e r f u m e s ,  w o u l d  b e  t h e  m o s t  d e s i r a b le  a c c o r d i n g  t o  t h e  c u s t o m e r ,  a n d  s o  

in c r e a s e  h i s  c h a n c e  o f  g a i n i n g  t h e  c o n t r a c t .  H o w  m u c h  is  t h i s  i n c r e a s e d  

c h a n c e  w o r t h  t o  t h e  p e r f u m e r ?

S u p p o s e  o v e r  t h e  p a s t  5 0  t e n d e r s  s u b m i t t e d  f o r  s i m i l a r  t y p e s  o f  c o n t r a c t ,  

t h e  f o l l o w i n g  i n f o r m a t i o n  is  a v a i l a b l e .

Number of tenders Number of contracts 
awarded

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

O n  t h e  b a s is  o f  t h i s  i n f o r m a t i o n ,  t h e  p r o b a b i l i t y  o f  a  s u c c e s s f u l  t e n d e r  g i v e n  

n o  p a n e l  t e s t  i s  u s e d  i n  i t s  s e le c t i o n  is  p ( S  | X J  =  8 / 2 5 ,  =  0 . 3 2  a n d  t h a t  

w h e n  a  p a n e l  t e s t  is  u s e d  is  P ( S  | X 2)  =  1 2 / 2 5  =  0 . 4 8 .  T h i s  is  a  q u a n t i f i e d  

e x p r e s s io n  o f  e x p e r i e n c e  t o  d a t e .  C o n s i d e r  a  n e w  c o n t r a c t  w o r t h  £ 4  0 0 0  s a y ,  

i n  w h i c h  t h e  d e v e l o p m e n t  c o s t s  a r e  £ 3 0 0 ,  a n d  s h o u l d  t h e  s u b s e q u e n t  t e n d e r  

b e  a c c e p t e d ,  e x p e c t e d  p r o d u c t i o n  c o s t  o f  £ 1  0 0 0  w o u l d  b e  i n c u r r e d .  I f  a  

p a n e l  t e s t  c o s t s  £ 2 5 0 ,  s h o u l d  i t  b e  u s e d ?

T h e  f o l l o w i n g  a c t i o n s  a r e  o p e n ,

( Z j )  d o  n o t  t e n d e r ,

( Z 2)  t e n d e r ,  b u t  d o  n o t  u s e  a  p a n e l  t e s t ,
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( X 3)  t e n d e r  a n d  u s e  a  p a n e l  t e s t  w i t h  k n o w n  w e l f a r e  f u n c t i o n  t o  s e le c t  

s a m p le .  I f  S  a n d  S 1 d e n o t e s  t h e  e v e n t s  t e n d e r  a c c e p t e d  a n d  r e je c t e d  

r e s p e c t i v e l y ,  w e  h a v e  t h e  f o l l o w i n g  s i t u a t i o n :

Policy Payoff Probability
y S 1 S S 1

0 0 0 1
2 700 -3 0 0 0.32 0.68

A , 2 350 -5 5 0 0.48 0.52

A c c o r d i n g l y ,  w e  h a v e  t h e  f o l l o w i n g  e x p e c t e d  v a lu e s  f o r  t h e  v a r i o u s  p o l i c i e s

E V ( X 1)  =  £ 0

E V ( X 2)  =  £ 2  7 0 0  X  ( 0 . 3 2 ) - £ 3 0 0  x  ( 0 . 6 8 )  =  £ 6 6 0

E V { X Z)  =  £ 2  3 5 0  x  ( 0 . 4 8 ) - £ 5 5 0  x  ( 0 . 5 2 )  =  £ 8 4 2

B a s e d  u p o n  p r e v i o u s  e x p e r i e n c e ,  t h e r e f o r e ,  i f  t h e  s a m p le  s e le c t i o n  d e c i s i o n  

w e r e  t o  b e  b a s e d  u p o n  t h e  e x p e c t e d  v a lu e s  o f  p o l i c i e s  X x, X 2 a n d  X 3, p r o 

c e d u r e  X s w o u l d  b e  c h o s e n .

T h e  a b o v e  e x a m p l e  e m b o d i e s  n u m e r o u s  a s s u m p t i o n s  w h i c h  m a y  o r  m a y  

n o t  b e  a c c e p t a b le  i n  a n y  p a r t i c u l a r  c a s e .  F o r  i n s t a n c e ,  t h e  d a t a  t a b l e  o f  p a s t  

t e n d e r s  i s  i n  a  v e r y  i d e a l i z e d  f o r m .  I n  a n y  p a r t i c u l a r  o r g a n i z a t i o n  i t  c o u l d  b e  

t h a t  t h e  c h a n c e s  o f  o b t a i n i n g  a  c o n t r a c t  w e r e  d e p e n d e n t  u p o n  t h e  n u m b e r  

o f ,  a n d  p a r t i c u l a r  f i r m s  c o m p e t i n g ,  t h e  s iz e  o f  t h e  c o n t r a c t  a s  w e l l  a s  w h e t h e r  

o r  n o t  a  p a n e l  t e s t  i s  u s e d .  H o p e f u l l y ,  h o w e v e r ,  i n f o r m a t i o n  w i l l  b e  a v a i l a b l e  

t o  d e t e r m i n e  a  p r o b a b i l i t y  m e a s u r e  f o r  t h e  l i k e l i h o o d  o f  s e c u r i n g  a  c o n t r a c t  

o f  a  p a r t i c u l a r  s iz e  a n d  t y p e  g i v e n  X x a n d  X 2. I t  i s  w o r t h  n o t i n g  h e r e  t h a t  

w i t h  p o l i c y  X 2, t h e  m a n u f a c t u r e r ’ s w e l f a r e  f u n c t i o n  i s  k n o w n ,  b u t  n o t  u s e d  

e x p l i c i t l y .  N o  d o u b t  k n o w l e d g e  o f  W  w i l l  i n  s o m e  w a y  i n f l u e n c e  t h e  s a m p le  

s e le c t i o n  u n d e r  X 2. A  c o n s i d e r a t i o n  o f  h o w  X 2 m i g h t  b e  m a d e  i s  d i s c u s s e d  i n  

p a r t  i n  t h e  n e x t  s e c t i o n .

W elfa re  fu n c t io n  unknow n
W h e n  t h e  m a n u f a c t u r e r ’ s w e l f a r e  f u n c t i o n  i s  u n k n o w n ,  t h e  p e r f u m e r  i s  

u n a b l e  t o  d e t e r m i n e  t h e  c u s t o m e r ’ s p r e f e r e n c e  f o r  t h e  t h r e e  s a m p le s  s a y  

p r o d u c e d .  T h i s  b e i n g  t h e  c a s e ,  w h a t  i s  t h e  p o i n t  i n  t h e  p e r f u m e r  p e r f o r m i n g  

a  p a n e l  t e s t ,  p r e s u m a b l y  w i t h  h i s  o w n  w e l f a r e  f u n c t i o n ?  F o r  a l l  t h e  p e r f u m e r  

k n o w s ,  t h e  m a n u f a c t u r e r ’ s g r o u p  d e c i s i o n  p r o c e d u r e  c o u l d  b e  i n c o h e r e n t !  

S e le c t io n  p r o c e d u r e s  h a v e  b e e n  u s e d  i n  t h e  p a s t  a n d  i t  i s  n o t  u n r e a s o n a b l e  

t o  j u d g e  t h e m  a c c o r d i n g l y  b y  t h e i r  r e s u l t s .
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P a s t  s e le c t i o n  d e c i s i o n  c o u l d  b e  a n a l y s e d  a c c o r d i n g  t o  c o n t r a c t  v a lu e ,  

e x p e c t e d  p r o f i t ,  n u m b e r  a n d  t y p e  o f  c o m p e t i n g  c o m p a n i e s ,  w h e t h e r  o r  n o t  a  

p a n e l  t e s t  w a s  u s e d ,  e t c . ,  a n d  t h e  r e c o m m e n d e d  s e le c t i o n  p r o c e d u r e  b a s e d  

u p o n  t h i s  a n a l y s i s .  S u p p o s e ,  f o r  t h e  s a k e  o f  s i m p l i c i t y ,  i t  a p p e a r s  r e a s o n a b le  

t o  a s s u m e  t h e  l i k e l i h o o d  o f  w i n n i n g  a  c o n t r a c t  is  i n d e p e n d e n t  o f  t h e  n u m b e r  

o f  f i r m s  c o m p e t i n g ,  a n d  a l s o  t h e  v a lu e  o f  t h e  c o n t r a c t .  ( I f  t h e s e  a s s u m p t i o n s  

a r e  n o t  v a l i d ,  t h e  s a m e  s u b s e q u e n t  a n a l y s i s  m a y  b e  p e r f o r m e d  b u t  c o n s i d e r a 

t i o n  r e s t r i c t e d  t o ,  a n d  b a s e d  u p o n  d a t a  f r o m  c o n t r a c t s  w i t h i n  a  v a lu e  r a n g e ,  

s a y  £ 8  0 0 0 - £  1 0  0 0 0 ,  a n d  w i t h  a  s p e c i f i c  n u m b e r  o f  c o m p e t i n g  f i r m s . )

W e  h a v e ,  t h e r e f o r e ,  i n f o r m a t i o n  s u c h  a s

Number of
contracts s s1

*3 «3 m 3

Xt «2 m 2

w h e r e  t h e  n u m b e r  o f  s u c c e s s f u l  a n d  u n s u c c e s s f u l  t e n d e r s  s e le c t e d  o n  t h e  

b a s is  o f  a  p a n e l  t e s t  ( X 3)  a n d  a  s p e c i f i c  w e l f a r e  f u n c t i o n  W  a r e  n3 a n d  w 3 e t c .  

B a s e d  u p o n  t h i s  i n f o r m a t i o n ,  t h e  p r o b a b i l i t i e s  o f  s u c c e s s f u l  t e n d e r s  u s in g  

a n d  n o t  u s i n g  a  p a n e l  t e s t  a r e  r e s p e c t i v e l y

P ( S \ X J ~ » 3

« 3  +  '« 3

» 2

« 2  +  m ‘i

O n  t h e  b a s is  o f  t h e s e  p r o b a b i l i t i e s  t h e  s a m e  c o s t  a n a l y s i s  a s  b e f o r e  m a y  b e  

p e r f o r m e d .

N on-panel decision
U n d e r  p o l i c y  X ¿  t h e  s e le c t i o n  o f  t h e  t e n d e r  s a m p le  i s  m a d e  w i t h i n  t h e  

c o m p a n y  w i t h o u t  r e c o u r s e  t o  a  p a n e l  t e s t .  P r e s u m a b l y  t h e  d e c i s i o n  o r  

s e le c t i o n  c r i t e r i o n  i s  s o m e  f u n c t i o n  o f  t h e  c o n s i d e r e d  o p i n i o n  o f  p e r h a p s

a(l) t h e  c h i e f  p e r f u m e r ;  a(2) t h e  m a r k e t i n g  m a n a g e r ;  a n d  a(:i) t h e  p r o d u c 

t i o n  m a n a g e r .

E a c h  o f  t h e s e  i n d i v i d u a l s  h a s  h i s  o w n  o p i n i o n  a s  t o  t h e  m o s t  l i k e l y  c a n d i d a t e  

t o  s u b m i t  a s  a  t e n d e r  a n d  t h i s  o p i n i o n  i s  b a s e d  o n  h i s  o r  h e r  o w n  s u b j e c t i v e  

u n d e r s t a n d i n g  a n d  k n o w l e d g e  o f  p e r h a p s  c u r r e n t  t r e n d s  a n d  f a s h io n s  i n  

p e r f u m e r y ,  o r  e v e n  u p o n  s o m e  s u b c o n s c i o u s  c o n s i d e r a t i o n .  I f  t h e  i n d i v i d u a l
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p r e f e r e n c e s  o f  t h e s e  e x p e r t s  h a v e  b e e n  r e c o r d e d  a l o n g  w i t h  t h e  a c t u a l  g r o u p  

c h o i c e  X 2, — o r  w a s  t o  b e  r e c o r d e d  o v e r  a  p e r i o d  o f  t i m e ,  i n f o r m a t i o n  o f  t h e  

f o l l o w i n g  n a t u r e  w o u l d  b e  a v a i l a b l e .

Number of occasions 
i/b  and X s agreed

Number of occasions 
a® and X 2 disagreed

S S 1
Result of tender aW 

unknown

7 18 0
a(l) 5 6 14
a<2> 6 7 11
a<3> 4 1 20

T h i s  t a b l e  i n d i c a t e s  t h e  n u m b e r  o f  t i m e s  e a c h  i n d i v i d u a l  a g r e e d  w i t h  a  

s e le c t i o n  w h i c h  w a s  s u b s e q u e n t l y  f o u n d  t o  b e  e i t h e r  s u c c e s s f u l  o r  u n s u c c e s s 

f u l ,  o r  t o  h a v e  d i s a g r e e d  w i t h  a  s e le c t i o n  d e c i s i o n  w h i c h  w a s  u n s u c c e s s f u l .  

A c c o r d i n g l y  i t  i s  p o s s i b l e  t o  a s s o c ia t e  a  p r e d i c t i o n  m e a s u r e  t o  e a c h  o f  t h e  

i n d i v i d u a l s  a n d  s o  i d e n t i f y ,  o n  h i s t o r i c  g r o u n d s ,  t h e  ‘ b e s t ’ p r e d i c t o r .  O n e  

p o s s i b l e  s u c h  m e a s u r e  i s  t o  g i v e ,  s a y ,  o n e  m a r k  t o  e a c h  c o r r e c t  p r e d i c t i o n ,  

0  t o  a  k n o w n  i n c o r r e c t  p r e d i c t i o n  a n d  p e r h a p s  \\n  ( w h e r e  n  i s  t h e  n u m b e r  o f  

c o m p e t i n g  f i r m s )  i n  t h e  c a s e  o f  a n  u n k n o w n  r e s u l t .  T h u s ,  i f  n =  4  w e  h a v e  

f o r  a  p r e f e r e n c e  m e a s u r e

* 2  =  7  

a(l)  =  8 . 1 / 2  

a (2) =  8 . 3 / 4  

a <3> =  9 .

I n  t h i s  p a r t i c u l a r  i n s t a n c e ,  t h e  c u r r e n t  p r a c t i c e  o f  u s i n g  X 2 c o u l d  b e  s u p e r 

s e d e d  b y  a n y  a {i) w i t h  a n  a n t i c i p a t e d  i n c r e a s e  i n  s u c c e s s f u l  t e n d e r s .  T h e  b e s t  

a p p a r e n t  p r e d i c t o r  i s ,  o f  c o u r s e ,  a(:i\  o r  i n  t h i s  c a s e  t h e  p r o d u c t i o n  m a n a g e r .  

W i t h  a (3) t h e  p r i o r  p r o b a b i l i t y  m e a s u r e  o f  s u c c e s s  i s  9 / 2 5  =  0 . 3 6  a s  o p p o s e d  

t o  0 . 2 8  w i t h  X 2. C l e a r l y  s u c h  a  p r e d i c t i o n  m e a s u r e  c o u l d  a n d  s h o u l d  b e  

u p d a t e d  a s  r e s u l t s  o f  e a c h  t e n d e r  b e c o m e  a v a i l a b l e .

C a r e  m u s t  b e  t a k e n  w h e n  d e c i d i n g  u p o n  a  ‘ m e a s u r e ’  o f  p r e d i c t i o n  

p e r f o r m a n c e .  A b o v e  w e  u s e d  t h e  p r i n c i p l e  o f  I n s u f f i c i e n t  R e a s o n  t o  a s s ig n  

e q u a l  p r o b a b i l i t i e s  t o  a  s e t  o f  e v e n t s  o f  u n k n o w n  p r o b a b i l i t y .  E q u a l l y  w e l l  

o n e  m a y  h a v e  r e a s o n e d  a s  f o l l o w s :  t h e  p r o d u c t i o n  m a n a g e r  h a s  m a d e  2 5  

s e le c t i o n s ,  f i v e  o f  w h i c h  w e  k n o w  s p l i t  i n t o  f o u r  s u c c e s s f u l  s e le c t i o n s  a n d
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o n e  u n s u c c e s s f u l .  I t  m i g h t  b e  a s s u m e d ,  t h e r e f o r e ,  t h e  u n k n o w n  r e s u l t s  w i l l  

s p l i t  i n  t h e  s a m e  r a t i o  g i v e n  a  t o t a l  o f  2 0  s u c c e s s f u l  s e le c t i o n s  a n d  f i v e  u n 

s u c c e s s f u l  s e le c t i o n s .  H e r e  t h e r e  i s  a  d a n g e r  o f  p u t t i n g  t o o  m u c h  t r u s t  i n  t o o  

l i t t l e  i n f o r m a t i o n .  I f ,  f o r  i n s t a n c e ,  a n o t h e r  p a r t y ,  t h e  M a n a g i n g  D i r e c t o r ,  

s a y ,  h a d  o n l y  a g r e e d  w i t h  X 2 o n c e ,  a n d  o n  t h i s  o c c a s i o n  t h e  s e le c t i o n  w a s  

s u c c e s s f u l  i n  g a i n i n g  t h e  c o n t r a c t ,  h i s  e x p e c t e d  p r e d i c t i o n  r a t i n g  w o u l d  b e  

t o p  a t  2 5 ,  o r  1 0 0 % .

P a n e l te st u sed
I f  a  p a n e l  t e s t  i s  u s e d ,  t h e  p e r f u m e r  h a s  t h e  t a s k  o f  s e le c t i n g  a  w e l f a r e  

f u n c t i o n  W . T h e r e  a r e  t w o  i m m e d i a t e  a p p r o a c h e s  t o  t h i s  p r o b l e m .

( a )  K n o w i n g  t h e  p r e f e r e n c e  o r d e r s  o f  p a n e l  m e m b e r s  o v e r  p a s t  s e ts  o f  

d e c i s i o n s ,  i t  i s  p o s s i b l e  t o  e x p e r i m e n t  w i t h  v a r i o u s  w e l f a r e  f u n c t i o n s  

o v e r  t h i s  d a t a  a n d  p e r f o r m  a n  a n a l y s i s  s i m i l a r  t o  t h e  a b o v e ,  w h e r e  

i n d i v i d u a l  p r e f e r e n c e s  a(,) a r e  n o w  r e p l a c e d  b y  w e l f a r e  f u n c t i o n  

s e le c t i o n  W (0. T h a t  w e l f a r e  f u n c t i o n  W 0) l e a d i n g  t o  t h e  b e s t  e x 

p e c t e d  n u m b e r  o f  s u c c e s s e s  i s  t h e n  s e le c t e d .  O f  c o u r s e ,  t h i s  a n a l y s i s  

m a y  b e  c o m p l i c a t e d  b y  d i f f e r e n t  c o s t s  a s s o c ia t e d  w i t h  e v a l u a t i n g  t h e  

v a r i o u s  w e l f a r e  f u n c t i o n .  T h e  a n a l y s i s  o f  n o n - p a n e l  d e c i s i o n  w o u l d  

p r e s u m a b l y  b e  i n c o r p o r a t e d  h e r e  b y  d e f i n i n g  J T (1) =  a(l\  W (2> =  a (2) 

e t c . ,  t h a t  i s  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  t h e  s i m p l e s t  w e l f a r e  f u n c t i o n ,  

a n  i n d i v i d u a l ’ s p r e f e r e n c e ,  a n d  m o r e  s o p h i s t i c a t e d  f u n c t i o n  W {'\  
i >  3 ,  w o u l d  b e  m e a s u r e d .

( b )  I t  m i g h t  b e  p o s s i b l e ,  k n o w i n g  t h e  s o a p  m a n u f a c t u r e r ’ s p r o b l e m ,  t o  

p r e d i c t  t o  s o m e  d e g r e e  t h e  w e l f a r e  f u n c t i o n ,  o r  l i k e l y  w e l f a r e  

f u n c t i o n ,  W *  o f  t h e  m a n u f a c t u r e r .  S u p p o s e  t h e  p e r f u m e r  t h i n k s  

w e l f a r e  f u n c t i o n  W 1; W 2, . . . W n a r e  l i k e l y  c a n d i d a t e s ,  a n d  a ls o  i n  h i s  

o p i n i o n  t h e  p r o b a b i l i t y  o f  W x b e i n g  u s e d  i s  p x a n d  i n  g e n e r a l  o f  W¡ 
b e i n g  u s e d  i s  p¡  e t c  . . .  i  =  1 ,  - ,  n.

I f  t h e r e  a r e  t h r e e  p o s s i b l e  t e n d e r  s a m p le s  t o  c h o o s e  b e t w e e n  S x, S 2, S 3, 
u s in g  f u n c t i o n  W¡ t h e  c h o i c e  i s  S ¡*  =  W ¡(S j) , i  =  1 ,  - ,  n . W e  f o r m  a  

w e i g h t e d  s u m  o f  t h e  n u m b e r  o f  t i m e s  S¡  is  s e le c t e d  a s  S * ,  n a m e l y  N ( S t)  =

Zpp  w h e r e  /  i s  s u c h  t h a t  S *  =  .S',.
J

T h e  s e le c t i o n  i s  t h e n  m a d e  o n  t h e  b a s is  o f  s e le c t i n g  S ¡  t o  m a x i m i z e  

N (S ¡ ) .  A n  e x a m p l e  w i l l  m a k e  t h i s  p r o c e d u r e  c l e a r .

E x .  W X( S 2, S 2, S 3)  =  S i  =  S x*
W 2( S i ,  S 2, S 3)  =  %  =

W 3( S V S 2, S 3)  =  %  =

P i  =  0 . 2  

P i  =  0 . 2

P 3 =  0 .3
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JV i(S h  S 2, S 3) =  S 2 =  S 4*  P i  =  0 .1

W b{ S i ,  S a, S 3) =  S i  =  S r * p 5 =  0 .1

fV6( S i ,  S 2, S 3)  =  S 3 =  S*6*  P q “ 0 . 1

N ( S X)  =  0 . 3 ,  N ( S 2) =  0 . 3 ,  N ( S 3)  =  0 . 4 ,  s o  o n  t h e  b a s is  o f  t h e  p r i o r  d i s t r i 

b u t i o n  Pr, S 3 i s  s e le c t e d  a s  t e n d e r .

C on clud in g  re m a rk s

T h e  a b o v e  r e m a r k s  c o n c e r n i n g  s u b j e c t i v e  t e s t s  a n d  t h e i r  u s e  a n d  v a lu e  

a r e  b y  n o  m e a n s  c o m p l e t e .  I n  d i s c u s s i n g  t h e  s u b j e c t  i t  h a s  b e e n  n e c e s s a r y  t o  

m a k e  n u m e r o u s  s i m p l i f y i n g  a s s u m p t i o n s  p r e s e n t i n g  a  r a t h e r  i d e a l i z e d  

s i t u a t i o n .  T h i s  is  n o t  s o  m u c h  a  c o n s e q u e n c e  o f  t h e  d e c i s i o n  a n a l y s i s  

a p p r o a c h  a s  t h e  n e e d  h e r e  t o  s i m p l i f y  t h e  d i s c u s s i o n  a s  m u c h  a s  r e a s o n a b l y  

p o s s i b l e .  I n  d i s c u s s i n g  a  v a r i e t y  o f  d e c i s i o n  s i t u a t i o n s  o u r  o b j e c t  h a s  b e e n  t o  

s e e  h o w  a  d e c i s i o n  m a y  b e  m a d e  w h i c h  i s  l o g i c a l ,  c o h e r e n t  a n d  c o n s i s t e n t  

w i t h  a l l  a v a i l a b l e  i n f o r m a t i o n .  I t  i s  e m i n e n t l y  c l e a r  f r o m  t h e  l a s t  s e c t i o n  t h a t  

i n  t h e  f i n a l  a n a l y s i s ,  d e c i s i o n  p r o c e d u r e s  s h o u l d  b e  j u d g e d  b y  t h e i r  c o n 

s e q u e n c e s .

{R e c e iv e d : 2 3 rd  F e b ru a ry  1973) 
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Response of the frog olfactory 
system to controlled odour stimuli

T. M IC H A E L  P O Y N D E R *

Presented at the 2nd Joint Perfum ery Symposium organized by  
the British S ociety  o f  Perfum ers and the S ociety  o f  Cosm etic  
Chemists o f  Great Britain at Eastbourne on 7-9th  M a y  1973

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.

In t r o d u c t i o n

T h i s  i n v e s t i g a t i o n  c o n c e r n s  t h e  s l o w  c h a n g e s  o f  e l e c t r i c  p o t e n t i a l  

w h i c h  t a k e  p la c e  a t  t h e  s u r f a c e  o f  a n  a n i m a l ’ s o l f a c t o r y  m u c o s a  w h e n  i t  i s  

s t i m u l a t e d  b y  a n  o d o r a n t .  T h e s e  c h a n g e s  c a n  b e  o b s e r v e d  o n l y  i n  t h e  r e g i o n  

o f  t h e  o l f a c t o r y  r e c e p t o r  c e l l s  a n d  c a n  b e  p r e s u m e d  t o  r e s u l t  f r o m  p r o c e s s e s  

e s s e n t ia l  t o  o l f a c t o r y  p e r c e p t i o n .  T h e i r  s t u d y  s h o u l d  t h e r e f o r e  h e l p  t o w a r d s  

a n  u n d e r s t a n d i n g  o f  t h e  r e c e p t o r  m e c h a n i s m .

I n  p r a c t i c e  t h e  c h a n g e s  i n  e l e c t r i c  p o t e n t i a l  a r e  r e c o r d e d  u s in g  a  p a i r  o f  

e le c t r o d e s ,  o n e  o f  s m a l l  t i p  d i a m e t e r  p l a c e d  o n  t h e  s u r f a c e  o f  t h e  o l f a c t o r y

*Bush Boalce Allen Ltd, London El 5 and the Department of Physiology, University College 
London, London WC1E 6BT.
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m u c o s a ,  a n d  t h e  o t h e r  l a r g e r  o n e  o n  i n a c t i v e  t i s s u e .  T h e  p l o t t e d  t i m e  c o u r s e  

o f  t h e  p o t e n t i a l  i s  c a l l e d  t h e  E l e c t r o O l f a c t o G r a m  o r  E O G .  F ig . I  i l l u s t r a t e s  

a  t y p i c a l  E O G  r e s u l t i n g  f r o m  a  5 - s  s t i m u l u s  o f  1 ,8  C in e o le .

h a l f  s e c o n d s

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

E O G ’ s w e r e  f i r s t  r e c o r d e d  b y  E l o s o y a  a n d  Y a s h i d a  i n  1 9 3 7  ( 1 ) .  T h e y  

w e r e  n o t  s y s t e m a t i c a l l y  s t u d ie d  u n t i l  n e a r l y  2 0  y e a r s  l a t e r .  I n  1 9 5 6  O t t o s o n  

p u b l i s h e d  h i s  c l a s s i c  A n a ly s is  o f  the e le c tr ic a l a c t iv ity  o f  the o lfa c to ry  
ep ithelium  ( 2 ) .  T h i s  w a s  a  l e n g t h y  a n d  t h o r o u g h  i n v e s t i g a t i o n  o f  E O G ’ s i n  

f r o g s .  I n  i t  m u c h  a t t e n t i o n  w a s  p a i d  t o  t h e  r e l a t i o n s h i p  o f  E O G  s iz e  a n d  

s h a p e  t o  s t r e n g t h ,  d u r a t i o n  a n d  q u a l i t y  o f  t h e  s t i m u l u s  u s e d .  T h e  c o n c l u s i o n s  

o f  O t t o s o n ’ s r e s e a r c h  r e m a i n  p r a c t i c a l l y  u n c h a n g e d  t o d a y .  T h i s  is  a  r e 

m a r k a b l e  t r i b u t e  c o n s i d e r i n g  t h e  r e l a t i v e l y  s i m p l e  a p p a r a t u s  w h i c h  h e  h a d  

a t  h is  d i s p o s a l .

I t  h a s  b e e n  a n  o b j e c t  o f  t h e  p r e s e n t  r e s e a r c h  t o  l o o k  a g a i n  a n d  m o r e  

c l o s e l y  a t  s o m e  o f  t h e  f a c t o r s  i n v e s t i g a t e d  b y  O t t o s o n ,  t a k i n g  a d v a n t a g e  o f  

m o d e r n  i n s t r u m e n t s  a n d  t e c h n o l o g y  t o  c o n t r o l  a n d  d e f in e  a s  p r e c i s e l y  a s  

p o s s ib l e  t h e  c h e m i c a l  c o m p o s i t i o n ,  c o n c e n t r a t i o n  a n d  t i m e  c o u r s e  o f  t h e  

s t i m u l i  u s e d  a t  t h e  l o c a t i o n  w h e r e  i t  m a t t e r s — c lo s e  t o  t h e  o l f a c t o r y  e p i 

t h e l i u m .

A p p a r a t u s  h a s  n o w  b e e n  e v o l v e d  t o  m e e t  th e s e  r e q u i r e m e n t s  ( 3 )  t o  a  

l a r g e  d e g r e e .  A  f e a t u r e  o f  t h e  s t i m u l u s  a p p l i c a t o r  i s  t h a t  i t  c a n  h a n d l e  u p  t o  

s i x  d i f f e r e n t  o d o u r  s t r e a m s  s w i t c h i n g  t h e m  o n  a n d  o f f  i n d e p e n d e n t l y  o f  e a c h  

o t h e r  a n d  s o  c lo s e  t o  t h e  p o i n t  o f  d is c h a r g e  t h a t  p r a c t i c a l l y  n o  t i m e  i s
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n e e d e d  f o r  a  s t e a d y  s t a t e  t o  b e  r e a c h e d .  T h e  a p p a r a t u s  m a y  t h e r e f o r e  b e  

u s e d  f o r  e x p e r i m e n t s  w h i c h  h a v e  n o t ,  i t  s e e m s ,  b e e n  p o s s i b l e  b e f o r e .  O n e  

o f  i t s  f i r s t  u s e s  h a s  b e e n  i n  t h e  i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  

s t i m u l u s  c o n c e n t r a t i o n  a n d  t h e  a m p l i t u d e  o f  t h e  r e s u l t i n g  E O G .

M e t h o d s

T h e  an im a ls and  the ir p rep a ra tio n
C o m m o n  f r o g s  ( R a n a  tem p ora ria )  w e r e  u s e d  f o r  t h e  E O G  r e c o r d i n g s .

A  f r o g  w a s  f i r s t  a n a e s t h e t i z e d  b y  p l a c i n g  i t  i n  1 5  m l  o f  1 0 %  a q u e o u s  

u r e t h a n e  i n  a  b e a k e r .  A s  s o o n  a s  t h e  f r o g  l o s t  i t s  r e f l e x e s ,  i t  w a s  r i n s e d  w i t h  

w a t e r  a n d  p la c e d  i n  a  h o l d e r .  T h e  f r o g  r e m a i n e d  a n a e s t h e t i z e d  b y  t h i s  

t r e a t m e n t  f o r  t h e  w h o l e  c o u r s e  o f  t h e  e x p e r i m e n t  a n d  i t  w a s  n o t  a l l o w e d  t o  

r e c o v e r .

T h e  o l f a c t o r y  e p i t h e l i u m  w a s  e x p o s e d  b y  d i s s e c t i n g  a w a y  t h e  d o r s a l  w a l l  

o f  t h e  n a s a l  c a v i t y  o p p o s i t e  t o  t h e  e m i n e n t i a  o l f a c t o r i a .  T h e  o p e n i n g  t h u s  

m a d e  w a s  2 - 3  m m  a c r o s s  a n d  p r o v i d e d  a c c e s s  f o r  t h e  r e c o r d i n g  e l e c t r o d e  

a n d  t h e  s t r e a m  o f  a i r  c a r r y i n g  t h e  s t i m u l u s .

T h e  stim u la tion  system
T h e  s t i m u l a t i o n  s y s t e m  m a y  b e s t  b e  d e s c r i b e d  b y  r e f e r e n c e  t o  F ig . 2 . I t  

c o n s i s t s  o f  a  c o n s t a n t  s t r e a m  o f  c l e a n  m o i s t  a i r  w h i c h  p l a y s  o n  t h e  o l f a c t o r y  

e p i t h e l i u m  a l l  t h e  t i m e .  T h i s  p r e v e n t s  t h e  m u c u s  f r o m  d r y i n g  u p ,  p r e v e n t s

Figure 2. Diagram of the arrangement of odorant streams.
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e x t r a n e o u s  o d o u r s  a n d ,  w h e n  r e q u i r e d ,  c a r r i e s  t h e  o d o u r  s t i m u l u s  t o  t h e  

s e n s o r y  a r e a .  T h i s  s t r e a m  f l o w s  a t  5 0  m l  m i n - 1 a n d  e m e r g e s  f r o m  a  j e t  1 m m  

i n s i d e  d i a m e t e r  i n  l a m i n a r  f l o w .  ( M e a n  l i n e a r  v e l o c i t y  =  1 0 0  c m  s _1 

a p p r o x . )

T h e  s i x  o d o r a n t  s t r e a m s  a r e  s w i t c h e d  i n t o  t h e  c a r r i e r  s t r e a m  a s  c lo s e  t o  

t h e  p o i n t  o f  d i s c h a r g e  a s  p o s s i b l e  s o  t h a t  d o w n s t r e a m  t h e r e  i s  m i n i m u m  

d e a d  s p a c e  a n d  w a l l  s u r f a c e  t o  d e l a y  d e l i v e r y .  T h e  v o l u m e  o f  t h e  d e a d  s p a c e  

i s  i n  f a c t  a b o u t  0 . 1 5  m l  s o  t h a t  w i t h  a  f l o w  r a t e  o f  5 0  m l  m i n - 1 t h e r e  w o u l d  

b e  a  d e l a y  o f  0 . 1 8  s b e f o r e  a  s t i m u l u s  r e a c h e d  6 3 %  ( =  1 -  l/ e )  o f  i t s  f u l l  

s t r e n g t h .  T h i s  w o u l d  r e p r e s e n t  t h e  w o r s t  p o s s i b l e  c a s e ,  i . e .  i n s t a n t a n e o u s  

f o r w a r d  m i x i n g  i n  t h e  n o z z l e  c a u s i n g  ‘ r o u n d i n g ’ o f  t h e  s t i m u l u s  p r o f i l e .  ( I f  

t h e r e  w e r e  n o  f o r w a r d  m i x i n g  i n  t h e  n o z z l e ,  t h e  s t i m u l u s  w o u l d  s t i l l  t a k e

0 . 1 8  s t o  r e a c h  t h e  o r i f i c e  b u t  w o u l d  a r r i v e  t h e r e  a t  f u l l  s t r e n g t h . )

T h e  o d o r a n t  s t r e a m s  ( u p  t o  s i x  i n  n u m b e r )  a r e  g e n e r a t e d  b y  p a s s in g  

c l e a n  d r y  a i r  o v e r  p o o l s  o f  l i q u i d  o d o r a n t s  h e l d  i n  U  t u b e s .  T h e s e  U  t u b e s  

h a v e  a  s t r a i g h t  c e n t r a l  p o r t i o n  s o  t h a t  t h e  a i r  s t r e a m  p a s s e s  o v e r  a b o u t  8  c m 2 

l i q u i d  s u r f a c e  w i t h o u t  b u b b l i n g  t h r o u g h  i t .  T h i s  p r e v e n t s  f o r m a t i o n  o f  

s p r a y  w h i c h  m i g h t  b e  c a r r i e d  f o r w a r d  a n d  u p s e t  t h e  c o n c e n t r a t i o n .  T h e  a i r  

f l o w  t h r o u g h  e a c h  t u b e  c a n  b e  r e g u l a t e d  f r o m  a b o u t  1 m l  m i n - 1 t o  5  m l  

m i n - 1  b y  c o n t r o l l i n g  t h e  p r e s s u r e  t o  a  s i n t e r e d  s t a in le s s  s t e e l  f l o w  r e s t r i c t o r  

b e f o r e  t h e  U  t u b e — o r  u p  t o  1 0  m l  m i n - 1 b y  c h a n g i n g  t h e  f l o w  r e s t r i c t o r .  

A t  t h e s e  s m a l l  f l o w  r a t e s  t h e  v a p o u r  l e a v i n g  t h e  U  t u b e  is  p r a c t i c a l l y  i n  

e q u i l i b r i u m  w i t h  t h e  l i q u i d  o d o r a n t .  I f  n e c e s s a r y  t h e  U  t u b e s  c a n  b e  i m 

m e r s e d  i n  a  w a t e r  b a t h  t o  k e e p  t h e i r  t e m p e r a t u r e  c o n s t a n t  a t  o r  b e l o w  r o o m  

t e m p e r a t u r e .

T h e  o d o r a n t s  u s e d  a r e  c h e m i c a ls  w h o s e  p u r i t y  h a s  b e e n  c h e c k e d  b y  g l c  

a n a l y s i s  o f  h e a d - s p a c e  s a m p le s .  T h e y  a r e  u s e d  e i t h e r  n e a t  o r  d i l u t e d  w i t h  

w a t e r  o r  p a r a f f i n  o i l .  ( T h e  p a r a f f i n  o i l  u s e d  i s  f i r s t  d e o d o r i z e d  b y  t r e a t m e n t  

w i t h  a c t i v a t e d  s i l i c a . )  T h i s  d i l u t i o n  i s  t h e  m e a n s  m o s t  u s e d  t o  p r o v i d e  w i d e l y  

d i f f e r e n t  r a t e s  o f  d e l i v e r y  o f  o d o r a n t .  T h e  r a t e s  c a n  a ls o  b e  r e g u l a t e d  b y  

a d j u s t i n g  t h e  a i r  f l o w  r a t e s  o r  b y  c o o l i n g  t h e  U  t u b e s  i n  o r d e r  t o  l o w e r  t h e  

v a p o u r  p r e s s u r e s .

T h e  o d o r a n t s  a r e  c o n v e y e d  t o  t h e  a p p l i c a t o r  ( w h e r e  t h e y  a r e  s w i t c h e d  

i n t o  t h e  m a i n  c a r r i e r  s t r e a m )  b y  m e a n s  o f  P T F E  t u b i n g  o f  i n s i d e  d i a m e t e r

0 . 4  m m .  T h i s  t u b i n g  is  c o n v e n i e n t l y  f l e x i b l e  a n d  i s  e a s i l y  a n d  c h e a p l y  

r e p la c e a b le .  I t  d o e s  a b s o r b  s o m e  o f  t h e  o d o r a n t  b u t ,  s o m e  m i n u t e s  a f t e r  

s t a r t i n g  t h e  f l o w ,  i t  r e a c h e s  a  s t e a d y  s t a t e  w h i c h  i s  n o t  d i s t u r b e d  b y  t h e  

s w i t c h i n g  o p e r a t i o n  s in c e  t h e  f l o w  i s  n o t  t h e r e b y  i n t e r r u p t e d .  I t  i s  a n  

i m p o r t a n t  f e a t u r e  o f  t h e  d e s ig n  o f  t h e  s y s t e m  t h a t  t h i s  s h o u l d  b e  s o .  A l l
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c h a n g e s  i n  f l o w s  a n d  c o n c e n t r a t i o n s  a r e  c o n f i n e d  t o  t h e  s w i t c h  a n d  n o z z l e  o f  

t h e  a p p l i c a t o r  i t s e l f .  C o n t a m i n a t i o n  o f  o n e  o d o r a n t  b y  a n o t h e r  a n d  a d 

s o r p t i o n  e f f e c t s  a r e  t h e r e f o r e  r e d u c e d  t o  a  m i n i m u m .

T h e  f u n c t i o n  o f  t h e  a p p l i c a t o r  i s  t o  e n a b le  o d o r a n t  s t r e a m s  t o  b e  a d d e d  

t o  a n d  m i x e d  w i t h  t h e  m a i n  c a r r i e r  s t r e a m  s o  t h a t  o d o u r  s t i m u l i  o f  p r e 

d e t e r m i n e d  d u r a t i o n  a n d  s e q u e n c e  c a n  b e  d i r e c t e d  i n t o  t h e  f r o g ’ s n a s a l  

c a v i t y .  T h e  a p p l i c a t o r ,  w h i c h  i s  i l l u s t r a t e d  i n  F ig . 3 ,  c o n s i s t s  o f  t h r e e  p a r t s .  

T h e s e  a r e  t h e  s t r e a m  s w i t c h i n g  p a r t ,  t h e  m e c h a n i s m  f o r  o p e r a t i n g  t h e  

s w i t c h e s  a n d  t h e  n o z z l e  w h i c h  m i x e s  a n d  d i r e c t s  t h e  g a s  s t r e a m  t o w a r d s  t h e  

a n i m a l .  T h e  s w i t c h e s  a n d  n o z z l e  a r e  s h o w n  o n  a  l a r g e r  s c a le  i n  F ig .  4 . T h e r e

Compressed air

I--------------------------------------------------- 1
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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a r e  s i x  s w i t c h e s ,  o n e  f o r  e a c h  o d o r a n t  s t r e a m .  E a c h  s w i t c h  o p e r a t e s  o n  t h e  

f o l l o w i n g  p r i n c i p l e .  T h e  c a r r i e r  g a s  d i v i d e s  a t  a  T  j u n c t i o n  o n e  b r a n c h  o f  

w h i c h  l e a d s  t o  a  v e n t  w h i l e  t h e  o t h e r  l e a d s  t o  t h e  n o z z l e  a n d  t h e  f r o g .  

O d o r a n t  i s  i n t r o d u c e d  i n t o  o n e  o r  o t h e r  b r a n c h  o f  t h e  T  b y  m e a n s  o f  a  

m o v a b l e ,  l o o s e - f i t t i n g  i n n e r  t u b e .  I t  is  s w e p t  b y  t h e  c a r r i e r  e i t h e r  t o  v e n t  o r  

t o  t h e  n o z z l e  a c c o r d i n g  t o  w h i c h  b r a n c h  t h e  o r i f i c e  o f  t h e  o d o r a n t  t u b e  is  

m o v e d  i n t o .

T h e  s w i t c h e s  a r e  d e s ig n e d  s o  t h a t  e a c h  c a n  b e  a c t u a t e d  i n d e p e n d e n t l y  o f  

t h e  o t h e r s .  C a r r i e r  g a s  f l o w i n g  a t  1 0 0  m l  m i n - 1 s p l i t s  i n t o  s i x  r a d i a l l y  

d i s p o s e d  d u c t s .  E a c h  o f  t h e s e  t h e n  d i v i d e s  a t  o n e  o f  t h e  a b o v e m e n t i o n e d  T  

j u n c t i o n s .  T h e r e f o r e  1 0 0 / 1 2  m l  m i n - 1  g a s  is s u e s  f r o m  e a c h  o f  t h e  1 2  b r a n c h e s  

o f  t h e  T ’ s . S i x  o f  t h e s e  s t r e a m s  r e c o m b i n e  a s  t h e y  e n t e r  t h e  n o z z l e  w h i c h  

t h e r e f o r e  d e l i v e r s  5 0  m l  m i n - 1 , w h i l e  t h e  o t h e r  s i x  l e a d  a w a y  t o  a  v e n t .  

O d o r a n t  s t r e a m s  n o t  b e i n g  a p p l i e d  a n d  e s c a p in g  a t  t h e  v e n t  a r e  p r e v e n t e d  

f r o m  e n t e r i n g  t h e  r o o m  b y  a n  e x t r a c t i o n  d u c t .

T h e  m o v a b l e ,  l o o s e - f i t t i n g  i n n e r  t u b e s  w h i c h  c o n v e y  o d o r a n t  i n t o  

b r a n c h e s  o f  t h e  T ’ s a r e  s t a in le s s  s t e e l  t u b e s  o f  o u t s i d e  d i a m e t e r  0 . 3  m m .  

T h e y  a r e  m o v e d  p a r a l l e l  t o  t h e i r  a x e s  b y  m e a n s  o f  p i s t o n s  w h i c h  a r e  f i x e d  

t o  t h e m  a n d  w h i c h  r u n  i n  c y l i n d e r s .  T h e  c y l i n d e r s  a r e  e a c h  c o n n e c t e d  a t  o n e  

e n d  t o  a  s o u r c e  o f  c o m p r e s s e d  a i r  o r  t o  s u c t i o n .  T h e  c h a n g e  f r o m  c o m p r e s s e d  

a i r  t o  s u c t i o n  i s  m a d e  b y  s o le n o id  v a lv e s  w h i c h  a r e  a c t u a t e d  a c c o r d i n g  t o  a  

p r e s e t  p r o g r a m m e  b y  a  t i m i n g  d e v ic e .

T h e  n o z z l e  o f  t h e  a p p l i c a t o r  i s  d e s ig n e d  t o  e n s u r e  g o o d  m i x i n g  o f  t h e  

o d o r a n t  i n t o  t h e  c a r r i e r  s t r e a m .  A t  f i r s t  v a r i o u s  d e s ig n s  w e r e  t r i e d  i n  w h i c h  

b a f f l e s  w e r e  i n s e r t e d  i n  t h e  n o z z l e  t o  b r e a k  u p  t h e  f l o w  S u r p r i s i n g l y  t h e s e  

d i d  n o t  b r i n g  a b o u t  t h e  d e s i r e d  m i x i n g .  T h e  b e s t  w a y  w a s  f o u n d  t o  b e  t o  

r e l y  o n  d i f f u s i o n  a n d  t h e  p r o b l e m  w a s  s i m p l y  a n d  e f f e c t i v e l y  s o lv e d  b y  

e x t e n d i n g  t h e  1 m m  b o r e  o u t l e t  t u b e  f r o m  1 c m  t o  3 .5  c m  i n  l e n g t h .  T h e  f a c t  

t h a t  t h e  g a s e s  w e r e  n o t  m i x e d  p r o p e r l y  i n  t h e  o r i g i n a l  1 c m  l o n g  o u t l e t  t u b e  

w a s  r e v e a le d  b y  m e a n s  o f  t h e  v a p o u r  m o n i t o r i n g  s y s t e m  d e s c r i b e d  b e l o w .

M o n ito r in g  sy stem  f o r  the odour s t im u li  ( 4 )

T h i s  p a r t  o f  t h e  a p p a r a t u s  i s  s h o w n  d i a g r a m m a t i c a l l y  i n  F ig . 5 . I t  i s  u s e d  

t o  i n d i c a t e  t h e  c o n c e n t r a t i o n  o f  o r g a n i c  v a p o u r s  i n  a n y  p a r t i c u l a r  l o c a l i t y  

s u c h  a s  i n  t h e  s t r e a m  i s s u i n g  f r o m  t h e  a p p l i c a t o r  j e t .  I t  c o n s i s t s  e s s e n t ia l l y  

o f  a  s h o r t  p r o b e  t u b e  c o n n e c t e d  d i r e c t l y  i n t o  a  s t a n d a r d  f l a m e  i o n i z a t i o n  

d e t e c t o r  ( f i d )  s u p p l i e d  b y  P y e  U n i c a m  L t d .  A  s a m p le  o f  t h e  v a p o u r s  t o  b e  

t e s t e d  i s  d r a w n  c o n t i n u o u s l y  i n t o  t h e  f i d  t h r o u g h  t h e  p r o b e  b y  a p p l y i n g  

s u c t i o n  t o  t h e  f i d  o u t l e t .  T h e  p r o b e  t u b e  is  4  c m  l o n g  a n d  0 . 4  m m  o u t s i d e
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Figure 5. Diagram of monitoring system for odour stimuli.

d i a m e t e r  ( o d ) .  T h e  f l o w  o f  s a m p le  b e i n g  w i t h d r a w n  b y  t h i s  p r o b e  n e e d s  t o  

b e  s m a l l  c o m p a r e d  w i t h  t h e  w h o l e  f l o w  o f  g a s e s  b e i n g  s a m p le d .  O n  t h e  o t h e r  

h a n d  t h e  s a m p le  f l o w  n e e d s  t o  b e  l a r g e  e n o u g h  f o r  l o w  c o n c e n t r a t i o n s  o f  

v a p o u r  t o  b e  m e a s u r e d  b y  t h e  f i d .  A  s a m p le  f l o w  r a t e  a r o u n d  2  m l  m i n ^ 1 

i s  n o r m a l l y  u s e d .  T h e  t r a n s f e r  o f  s a m p le  t o w a r d s  t h e  f i d  i s  s l o w e d  u p  b y  

a d s o r p t i o n  o f  o r g a n i c s  o n  t h e  i n s i d e  w a l l s  o f  t h e  p r o b e .  I n  o r d e r  t o  m i n i m i z e  

t h i s  d e l a y i n g  e f f e c t ,  t h e  h y d r o g e n  f o r  t h e  f l a m e  i s  a ls o  i n t r o d u c e d  v i a  t h e  

p r o b e  t u b e .  T h i s  i s  d o n e  b y  m e a n s  o f  a  s m a l l e r  t u b e  ( 0 . 3  m m  o d )  t h e  e n d  o f  

w h i c h  i s  b e n t  a n d  h o o k e d  |  m m  i n t o  t h e  o p e n  e n d  o f  t h e  p r o b e .  T h e  p r o b e  

i n l e t  i s  t h u s  n e a r l y  c l o s e d  a n d  o f f e r s  r e s is t a n c e  t o  s a m p le  f l o w  s u c h  t h a t  a  

s u c t i o n  o f  a b o u t  5 0  c m  w a t e r  g a u g e  n e e d s  t o  b e  a p p l i e d  t o  t h e  f i d  e x h a u s t  t o  

m a i n t a i n  t h i s  f l o w .

T h e  s u c t i o n  ( 5 0  c m  w a t e r  g a u g e )  n e e d s  t o  b e  a d j u s t a b le  a n d  f r e e  o f  d r i f t  

a n d  p u l s a t i o n s .  T h i s  i s  a c h ie v e d ,  a s  s h o w n  i n  F ig .  5 ,  b y  m e a n s  o f  a n  a d j u s t 

a b le  d i p - l e g  s u b m e r g e d  i n  w a t e r  a n d  a  3  l i t r e  b o t t l e  t o  s m o o t h  o u t  p r e s s u r e  

p u ls e s .  T h e  e x h a u s t  f r o m  t h e  f i d  l e a d s  d o w n h i l l  t o  a  t r a p  t o  c a t c h  w a t e r  

f o r m e d  i n  t h e  f l a m e .  T h e  f i d  i t s e l f  i s  l a g g e d  t o  p r e v e n t  c o n d e n s a t i o n  o f  

w a t e r  v a p o u r  i n s i d e  i t ,  t o  k e e p  t h e  f i d  a t  a  s t e a d y  t e m p e r a t u r e  a n d  t o  s t o p  

h e a t  r a d i a t i o n  a f f e c t i n g  t h e  f r o g .
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T h e  v a p o u r  m o n i t o r i n g  s y s t e m  h a s  b e e n  u s e d  m a i n l y  f o r  d e t e r m i n i n g  

t h e  c o n c e n t r a t i o n  o f  o d o u r  s t i m u l i  d e l i v e r e d  b y  t h e  a p p l i c a t o r .  I t s  f a s t  

r e s p o n s e  f a c i l i t a t e s  t h e  a d j u s t m e n t  o f  t h e  o d o r a n t  s t r e a m s  s o  t h a t  t h e  d e s i r e d  

c o n c e n t r a t i o n s  a r e  d e l i v e r e d .  O n c e  t h e  o d o r a n t  s o l u t i o n s  a n d  f l o w  r a t e s  

h a v e  b e e n  a d j u s t e d ,  i t  i s  u n n e c e s s a r y  a lw a y s  t o  c h e c k  t h e  c o n c e n t r a t i o n s  

d u r i n g  a  s e r ie s  o f  o l f a c t o r y  r e s p o n s e  m e a s u r e m e n t s  b u t  o n l y  b e f o r e  a n d  

a f t e r  t h e  s e r ie s .  O n l y  w h e n  s o l u t i o n s  o f  v e r y  v o l a t i l e  s u b s t a n c e s  a r e  u s e d  

i s  t h e r e  a n y  c h a n g e  n o t i c e a b le  i n  t h e  c o m p o s i t i o n  o v e r  t h e  p e r i o d  o f  a n  

e x p e r i m e n t .

T h e  v a p o u r  m o n i t o r i n g  s y s t e m  h a s  o t h e r  i m p o r t a n t  u s e s .  O n e  o f  t h e s e ,  

a s  m e n t i o n e d  a b o v e ,  w a s  t o  c h e c k  t h e  m i x i n g  o f  o d o r a n t  a n d  c a r r i e r  s t r e a m s  

i n  t h e  a p p l i c a t o r  j e t .  T h i s  w a s  d o n e  b y  m o v i n g  t h e  p r o b e  t i p  0 . 2  m m  a t  a  

t i m e  a c r o s s  t h e  1 - m m  d i a m e t e r  o f  t h e  j e t  o r i f i c e  w i t h  a n  o d o r a n t  s w i t c h e d  

o n .  T h e  c o n c e n t r a t i o n  p r o f i l e  s o  o b t a i n e d  w a s  a s y m m e t r i c a l  w h e n  m i x i n g  

w a s  n o t  c o m p l e t e .  I n c i d e n t a l l y  t h i s  e x p e r i m e n t  d e m o n s t r a t e d  t h a t  t h e  

s a m p l i n g  s y s t e m  w a s  c a p a b l e  o f  d i s c e r n i n g  d i f f e r e n c e s  b e t w e e n  p o i n t s  o n l y

0 . 2  m m  a p a r t .

W h e n  t h e  c o n c e n t r a t i o n  p r o f i l e s  a r e  d e t e r m i n e d  f o r  d i a m e t e r s  p r o 

g r e s s i v e ly  f u r t h e r  a n d  f u r t h e r  a w a y  f r o m  t h e  j e t ,  a  t h r e e - d i m e n s i o n a l  

p i c t u r e  m a y  b e  b u i l t  u p  s h o w i n g  c o n c e n t r a t i o n  o n  t h e  v e r t i c a l  s c a le  a n d  

d i s p l a c e m e n t  f r o m  t h e  j e t  a x i s  o n  t h e  h o r i z o n t a l  s c a le .  S u c h  a  d i a g r a m  i s  

s h o w n  i n  F ig . 6 . T h i s  m a y  b e  t h e  f i r s t  t i m e  t h a t  a n  o d o r a n t  j e t  s t r e a m  h a s  

b e e n  m a p p e d  i n  t h i s  w a y  a n d  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c o n c e n t r a t i o n  

h a s  f a l l e n  t o  h a l f  i t s  o r i g i n a l  a t  a  d i s t a n c e  1 2  m m  f r o m  t h e  o r i f i c e  d u e  t o  

t h e  s p r e a d i n g  s i d e w a y s  o f  t h e  o d o r a n t .  O b v i o u s l y  t h e  p o s i t i o n i n g  o f  t h e  

a p p l i c a t o r  j e t  r e l a t i v e  t o  t h e  n a s a l  c a v i t y  i s  o f  c o n s i d e r a b l e  i m p o r t a n c e .  I t  

w o u l d  b e  u s e f u l  t o  k n o w  a ls o  h o w  t h e  h u m i d i t y  o f  t h e  j e t  s t r e a m — o r i g i n a l l y  

s a t u r a t e d — f a l l s  o f f  f o r  t h e  s a m e  r e a s o n s .  T h e  o l f a c t o r y  m u c u s  d o e s  s o m e 

t i m e s  b e c o m e  d r y  i n  s p i t e  o f  t h e  p r e c a u t i o n  o f  s a t u r a t i n g  t h e  c a r r i e r  g a s  w i t h  

w a t e r  v a p o u r .

A n o t h e r  u s e  o f  t h e  v a p o u r  m o n i t o r i n g  s y s t e m  h a s  b e e n  t o  c h e c k  t h e  

e f f i c i e n c y  o f  t h e  a p p l i c a t o r  s w i t c h i n g  a n d  t o  o b t a i n  s o m e  i d e a  o f  t h e  t i m e  

c o u r s e  o f  b u i l d - u p  a n d  f a l l - o f f  o f  c o n c e n t r a t i o n  w h e n  a n  o d o r a n t  i s  s w i t c h e d  

o n  a n d  o f f .  I t  w a s  f o u n d  t h a t ,  e v e n  w i t h  m u c h  s m a l l e r  c a r r i e r  g a s  f l o w  a n d  

in c r e a s e d  o d o r a n t  s t r e a m  f l o w s ,  t h e  d e v i c e  r e l i a b l y  a n d  c o m p l e t e l y  

s w i t c h e d  o n  a n d  o f f .  F ig .  7  s h o w s  t h e  t h r e e  f i d  r e s p o n s e  c u r v e s  t o  2 - s  

a p p l i c a t i o n s  o f  a c e t o n e ,  c i n e o l e  ( s t r o n g )  a n d  c i n e o l e  1 0 0 0  t i m e s  m o r e  

d i l u t e .  I d e a l l y  t h e  t r a c e s  s h o u l d  b e  r e c t a n g u l a r .  T h e  r o u n d i n g  o f  t h e  

s h o u l d e r s  i s  d u e  l a r g e l y  t o  t h e  s l o w  m o v e m e n t  o f  s a m p le  u p  t h e  p r o b e  t u b e



RESPONSE OF THE FR O G  O LFA C TO R Y  SYSTEM 191

Figure 6. Concentration profile of applicator jet stream shown in 3-dimensional 
perspective. Measured by Fido.

Tim e 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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Figure 8. Arrangement showing how the vapour monitoring system can be used 
for measuring gas flow rates.

d u e  t o  a d s o r p t i o n  o n  t h e  w a l l s .  T h a t  t h i s  w a s  s o  w a s  s h o w n  b y  a p p l y i n g  a  

‘ s q u a r e ’ o d o r a n t  p u l s e  b y  a  d i f f e r e n t  m e t h o d  i n  w h i c h  t h e r e  w a s  n o  p o s s i 

b i l i t y  o f  a  ‘ r o u n d e d ’  a p p l i c a t i o n .  T h e  r e s p o n s e  c u r v e s  w e r e  o n l y  s l i g h t l y  

s h a r p e r  t h a n  b e f o r e .  I t  is  i n t e r e s t i n g  t o  o b s e r v e ,  i n  F ig .  7  t h e  m a r k e d  

in c r e a s e  i n  a d s o r p t i o n  e f f e c t s  w h e n  d e a l i n g  w i t h  t h e  m o r e  d i l u t e  o d o r a n t .  

T h i s  e m p h a s iz e s  t h e  n e e d  f o r  a n  a p p l i c a t o r  s y s t e m  s u c h  a s  t h a t  d e s c r i b e d  

h e r e  e s p e c i a l l y  w h e n  s t u d y i n g  p h y s i o l o g i c a l  r e s p o n s e s  t o  v e r y  d i l u t e  o d o u r  

s t i m u l i .

T h e  c o n c e n t r a t i o n  t i m e  c o u r s e s  o f  o d o r a n t s  d e l i v e r e d  b y  t h e  a p p l i c a t o r  

h a v e  m o r e  r e c e n t l y  b e e n  s t u d ie d  b y  d i r e c t i n g  t h e  j e t  s t r e a m  d i r e c t l y  i n t o  a n  

i m p r o v i s e d  f i d  h a v i n g  a  c u t - a w a y  s id e  f o r  a c c e s s .  T h e  t i m e  c o n s t a n t  o f  t h e  

a p p l i c a t o r  h a s  b e e n  s h o w n  t o  b e  a b o u t  0 . 1 2  s o r  m o r e  d e p e n d i n g  o n  t h e  

m a t e r i a l  b e i n g  h a n d l e d .

Y e t  a n o t h e r  u s e  o f  t h e  v a p o u r  m o n i t o r i n g  s y s t e m  h a s  b e e n  i n  t h e  

m e a s u r e m e n t  o f  g a s  f l o w  r a t e s  w i t h o u t  a p p r e c i a b l y  i n c r e a s in g  t h e  r e s is t a n c e  

t o  t h e i r  f l o w .  T h i s  h a s  b e e n  d o n e  b y  u s in g  t h e  f l o w  t o  b e  m e a s u r e d  t o  e lu t e



RESPONSE OF THE FROG O LFAC TO R Y  SYSTEM 1 9 3

a n  o r g a n i c  v a p o u r  f r o m  a  n e a r l y  e n c lo s e d  s p a c e  o f  k n o w n  v o lu m e .  T h e  

c o n c e n t r a t i o n  i n  t h i s  e n c lo s e d  s p a c e  i s  k e p t  u n i f o r m  b y  m e c h a n i c a l  m i x i n g  

( i f  d i f f u s i o n  a l o n e  i s  n o t  a d e q u a t e )  a n d  i s  m e a s u r e d  c o n t i n u o u s l y  b y  t h e  

v a p o u r  m o n i t o r .  T h e  a r r a n g e m e n t  i s  i l l u s t r a t e d  i n  F ig . 8 .  T h e  v o l u m e  o f  

e n c lo s e d  s p a c e  d i v i d e d  b y  t h e  t i m e  c o n s t a n t  o f  t h e  e x p o n e n t i a l  f a l l  i n  

c o n c e n t r a t i o n  g iv e s  t h e  f l o w  r a t e  o f  t h e  e l u t i n g  g a s .  T h i s  m e t h o d  h a s  b e e n  

u s e d  w i t h  a d v a n t a g e  t o  m e a s u r e  t h e  f l o w  o f  g a s  f r o m  t h e  a p p l i c a t o r  n o z z l e  

w h e r e  b a c k - p r e s s u r e  o f  m o s t  c o n v e n t i o n a l  f l o w  m e t e r s  w o u l d  h a v e  a l t e r e d  

t h e  f l o w  b e i n g  m e a s u r e d .

T h i s  c o n c l u d e s  t h e  d e s c r i p t i o n  o f  t h e  a p p a r a t u s  f o r  g e n e r a t i n g ,  a p p l y i n g  

a n d  m o n i t o r i n g  o d o u r  s t i m u l i .  I t  h a s  b e e n  s o m e w h a t  d e t a i l e d  b e c a u s e  i t  is  

h o p e d  t h a t  s o m e  o f  t h e  id e a s  w i l l  b e  u s e f u l  t o  t h o s e  r e s e a r c h i n g  i n  t h i s  f i e l d  

a n d  p e r h a p s  t o  o t h e r s  a ls o .  M o r e o v e r  i t  s e e m s  d e s i r a b le  t o  p la c e  m o r e  

e m p h a s i s  o n  t h i s  s id e  o f  a n y  s t u d y  o f  s t i m u lu s - r e s p o n s e  r e l a t i o n s h i p s  t h a n  

h a s  b e e n  a c c o r d e d  h i t h e r t o .  T h e r e  i s  n o w  t h e  m e a n s  o f  i n v e s t i g a t i n g  m o r e  

t h o r o u g h l y  f i r s t l y  t h e  r e l a t i o n s h i p  b e t w e e n  s t i m u l u s  c o n c e n t r a t i o n  a n d  

p h y s i o l o g i c a l  r e s p o n s e ,  s e c o n d l y  t h e  i n t e r a c t i o n s  b e t w e e n  d i f f e r e n t  o d o u r s  

a p p l i e d  s i m u l t a n e o u s l y  o r  s e q u e n t i a l l y  a n d  t h i r d l y  t h e  t i m e  c o u r s e  o f  

p h y s i o l o g i c a l  e v e n t s  f o l l o w i n g  a n  o d o u r  s t i m u l u s .  A l l  t h e s e  c a n  p r o v i d e  

u s e f u l  i n f o r m a t i o n  a b o u t  o l f a c t o r y  r e c e p t o r  m e c h a n i s m s  a n d  i t  is  w i t h  t h e  

f i r s t  t h a t  t h e  e x p e r i m e n t a l  p a r t  o f  t h i s  p a p e r  is  c o n c e r n e d .

T h e  e lec tro d e  sy stem  f o r  reco rd in g  E O G 's
T h e  e le c t r o d e s  u s e d  f o r  r e c o r d i n g  E O G ’ s w e r e  s i m i l a r  t o  t h o s e  u s e d  b y  

O t t o s o n  ( 3 ) .  T h e  r e c o r d i n g  e l e c t r o d e  w a s  a  P y r e x  g la s s  p i p e t t e  h a v i n g  a  t i p  

d i a m e t e r  o f  5 0 - 1 0 0  p m  a n d  f i l l e d  w i t h  n o r m a l  s a l i n e  c o n t a i n i n g  2 %  a g a r .  

E l e c t r i c a l  c o n n e c t i o n  w a s  t h r o u g h  a  A g C l - A g  w i r e  i n s e r t e d  i n  t h e  p i p e t t e .  

T h e  s e c o n d  e le c t r o d e  w a s  a  A g C l - A g  p l a t e  w r a p p e d  i n  l i n t ,  s o a k e d  i n  

n o r m a l  s a l i n e  a n d  i n s e r t e d  i n  t h e  f r o g ’ s m o u t h .

T h e  s i g n a l s  p i c k e d  u p  b y  t h e s e  e le c t r o d e s  w e r e  l e d  t o  a  h i g h  i n p u t  

r e s is t a n c e  p r e a m p l i f i e r ,  a  m a i n  a m p l i f i e r  a n d  t h e  E O G ’ s r e c o r d e d  o n  a  s t r i p  

c h a r t .

P ro ced u re  f o r  E O G  exp erim en ts
I n  e a c h  e x p e r i m e n t  o n e  f r o g  w a s  u s e d  f o r  t h e  s t u d y  o f  E O G ’ s r e s u l t i n g  

f r o m  o n e  o d o r a n t  c h e m i c a l  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  T h e  v a p o r i z e r  t u b e s  

w e r e  c h a r g e d  w i t h  t h e  o d o r a n t  m a d e  u p  t o  d i f f e r e n t  d i l u t i o n s  w i t h  a  s u i t a b l e  

s o l v e n t  ( u s u a l l y  d e o d o r i z e d  l i g h t  p a r a f f i n  o i l ) .  T y p i c a l l y  t h e  d i l u t i o n s  w e r e  

c h o s e n  s o  t h a t  t h e  a p p l i c a t o r  d e l i v e r e d  a  s e t  o f  s t i m u l i  i n  w h i c h  e a c h  w a s  1 0
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t i m e s  w e a k e r  t h a n  t h e  p r e c e d i n g  o n e .  S t i m u l i  o f  i n t e r m e d i a t e  s t r e n g t h  w e r e  

o b t a i n e d  b y  a l t e r i n g  t h e  g a s  f l o w s  i n  e a c h  c h a n n e l  b y  a  f a c t o r  o f  t h r e e .  I n  t h i s  

w a y  s t i m u l i  h a v i n g  c o n c e n t r a t i o n s  c o v e r i n g  u p  t o  f o u r  d e c a d e s  i n  h a l f  

d e c a d e  s t e p s  w e r e  a v a i l a b l e .

T h e  a c t u a l  c o n c e n t r a t i o n s  o f  s t i m u l i  w e r e ,  o f  c o u r s e ,  m e a s u r e d  b y  t h e  

v a p o u r  m o n i t o r i n g  s y s t e m  a n d  t h i s  w a s  d o n e  j u s t  b e f o r e  a n  e x p e r i m e n t  w i t h  

a  f r o g .  A r b i t r a r y  u n i t s  w e r e  u s e d  s in c e  f o r  t h e  p u r p o s e  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n  t h i s  w a s  a l l  t h a t  w a s  n e c e s s a r y .  I n  t h e  c a s e  o f  c e r t a i n  o d o r a n t s  

t h e  l o w e s t  c o n c e n t r a t i o n  g a v e  f i d  s i g n a l s  o b s c u r e d  b y  n o i s e  a n d  s e v e r a l  

r e a d i n g s  h a d  t o  b e  a v e r a g e d  t o  a r r i v e  a t  a n  e s t im a t e .

A n  a n a e s t h e t i z e d  f r o g  w a s  p r e p a r e d  a n d  p la c e d  i n  a  h e a d  h o l d e r .  T h e  

a p p l i c a t o r  w a s  p o s i t i o n e d  w i t h  i t s  n o z z l e  p o i n t i n g  i n t o  t h e  o p e n e d  n a s a l  

c a v i t y  a n d  a b o u t  4  m m  a w a y  f r o m  i t .  T h e  r e c o r d i n g  e l e c t r o d e  w a s  l o w e r e d  

b y  m e a n s  o f  a  m i c r o m a n i p u l a t o r  s o  t h a t  i t s  t i p  j u s t  t o u c h e d  t h e  s u r f a c e  o f  

t h e  m u c u s  o v e r l y i n g  t h e  e m i n e n t i a  o l f a c t o r i a .

T h e  r e c o r d i n g s  r e q u i r e d  f o r  t h i s  i n v e s t i g a t i o n  w e r e  o f  t h e  p e a k  E O G  

v o l t a g e s  w h i c h  a r e  i n  f a c t  r e a c h e d  s o o n  a f t e r  t h e  o n s e t  o f  s t i m u l i  ( s e e  F ig . 1 ). 
S t i m u l i  c o u l d  t h e r e f o r e  b e  s w i t c h e d  o f f  a s  s o o n  a s  t h i s  p e a k  v o l t a g e  h a d  

b e e n  r e a c h e d  a n d  d o i n g  t h i s  h e l p e d  t o  m i n i m i z e  f a t i g u e  e f f e c t s  e s p e c i a l l y  f o r  

s t r o n g  s t i m u l i .  A l s o  t o  c o m b a t  f a t i g u e  2  o r  3  m i n  w e r e  a l l o w e d  f o r  r e 

c o v e r y  b e t w e e n  e a c h  s t i m u l a t i o n  w i t h  t h e  h i g h e r  c o n c e n t r a t i o n s .

T h e  s t i m u l i  w e r e  u s u a l l y  a p p l i e d  i n  b o t h  a s c e n d in g  a n d  d e s c e n d in g  o r d e r  

o f  c o n c e n t r a t i o n  s o  t h a t  t w o  E O G  r e a d i n g s  w e r e  o b t a i n e d  a t  e a c h  c o n c e n 

t r a t i o n .

T h e  o d o r a n t  c h e m i c a ls  f o r  w h i c h  E O G  d a t a  a r e  r e p o r t e d  i n  t h i s  p a p e r  

a r e :

A m y l  a c e t a t e ,

1 ,8  C in e o le ,

L i n a l o l ,  a n d  

B u t y l  a c e t a t e .

R esu lts

T h e  r e s u l t s  a r e  s h o w n  e n t i r e l y  i n  t h e  f o r m  o f  g r a p h s  o n  w h i c h  a l l  t h e  

e x p e r i m e n t a l l y  d e t e r m i n e d  p o i n t s  a r e  p l o t t e d .  T h e s e  g r a p h s  a r e  s h o w n  i n  

F ig s . 9 -1 3 .
T h e  a b s c is s a e  i n  e v e r y  c a s e  a r e  t h e  l o g a r i t h m s  ( b a s e  1 0 )  o f  t h e  c o n c e n 

t r a t i o n s  i n  a r b i t r a r y  u n i t s  o f  t h e  s t i m u l i  u s e d .  T h e  E O G  a m p l i t u d e s  i n  m i l l i 

v o l t s  a r e  p l o t t e d  a s  t h e  c o r r e s p o n d i n g  o r d i n a t e s  i n  F ig s  9 (a ) , 10 (a ), 11 (a ),
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F igu re  9. (a) E O G  (m V ) v. log  concn . A m yl acetate. E O G  m ax =  7.9 m V . (b ) log
E O G  v. log  concn . A m yl 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 v. log concn. 1, 8

Cineole,
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F igure  12. (a) E O G  (m V ) v. log  concn . Linaloi. E O G  m ax =  8.4 m V. (b ) log  E O G
v. log  concn . L inaloi.
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F igu re  13. (a) E O G  (m V ) v. log  concn . Butyl acetate. E O G  max =  15.8 m V.
(b) log  E O G  v. log  concn . Butyl acetate.
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12 (a )  a n d  13 (a )  a n d  t h e  l o g a r i t h m s  ( b a s e  1 0 )  o f  t h e  E O G ' s  a r e  i n  F ig s  9 (b ) , 
10 (b ), 11 (b ), 12 (b )  a n d  13 (b ). T h u s  f o r  e a c h  e x p e r i m e n t  t h e r e  i s  a  p a i r  o f  

g r a p h s  r e p r e s e n t i n g  t h e  s a m e  d a t a  i n  t w o  d i f f e r e n t  w a y s :

( a )  l o g  s t i m u l u s  v . r e s p o n s e ,  a n d  ( b )  l o g  s t i m u l u s  v . l o g  r e s p o n s e .

T h e  c u r v e s  d r a w n  o n  t h e  g r a p h s  r e p r e s e n t  a  p o s t u l a t e d  m a t h e m a t i c a l  

r e l a t i o n s h i p  b e t w e e n  s t i m u l u s  a n d  r e s p o n s e  a n a l o g o u s  t o  t h e  L a n g m u i r  

a d s o r p t i o n  i s o t h e r m  ( 5 ) .  ( S e e  D i s c u s s i o n . )  T h i s  p o s t u l a t e d  r e l a t i o n s h i p  

c o n t a i n s  o n l y  t w o  a r b i t r a r y  c o n s t a n t s  w h i c h  d e f in e  ( a )  t h e  E O G  f o r  i n f i n i t e  

s t i m u l u s  c o n c e n t r a t i o n ,  a n d  ( b )  t h e  s t i m u l u s  c o n c e n t r a t i o n  r e q u i r e d  f o r  

h a l f  t h i s  ( h y p o t h e t i c a l )  m a x i m u m  E O G .  T h e s e  c o n s t a n t s  h a v e  b e e n  c h o s e n  

i n  t h e  c a s e  o f  e a c h  e x p e r i m e n t  t o  m a k e  t h e  c u r v e  f i t  t h e  e x p e r i m e n t a l  p o i n t s  

a s  c l o s e l y  a s  p o s s i b l e .  T h e  v a lu e s  o f  t h e  m a x i m u m  E O G ’ s a r e  s h o w n  i n  t h e  

le g e n d s  u n d e r  e a c h  f i g u r e .

D iscussion

I n  o r d e r  t o  d is c u s s  t h e  s i g n i f i c a n c e  o f  t h e  f o r e g o i n g  r e s u l t s  i t  w i l l  b e  

h e l p f u l  t o  h a v e  a  p i c t u r e  i n  o n e ’ s m i n d  o f  t h e  e v e n t s  a s  f a r  a s  t h e y  a r e  k n o w n  

w h i c h  g i v e  r i s e  t o  a n  E O G .

T h e  o r i g i n  o f  t h e  p o t e n t i a l  i s  t h e  e l e c t r i c a l  p o l a r i z a t i o n  w h i c h  e x is t s  

b e t w e e n  t h e  i n s i d e  a n d  o u t s i d e  o f  c e l l s  f o r m i n g  t h e  o l f a c t o r y  e p i t h e l i a l  

l a y e r .  T h i s  l a y e r  i s  f o r m e d  b y  a  m o s a i c  o f  m a i n l y  t w o  k i n d s  o f  c o l u m n a r  

c e l l s .  O n e  k i n d  i s  t h e  r e c e p t o r  c e l l s  a n d  t h e  o t h e r  t h e  s u p p o r t i n g  c e l l s .  

O d o r a n t  m o le c u le s  i n  t h e  m u c u s  o v e r l y i n g  t h e s e  c e l l s  s p r e a d  b y  d i f f u s i o n  

a n d  i n t e r a c t  w i t h  r e c e p t o r  s i t e s  w h i c h  f o r m  s o m e  p a r t  o f  a  c e l l  m e m b r a n e .  

T h i s  i n t e r a c t i o n  r e s u l t s  i n  a n  i n c r e a s e  o f  m e m b r a n e  p e r m e a b i l i t y  t o  c e r t a i n  

i o n s .  A n  i o n i c  c u r r e n t  t h e n  f l o w s  w h i c h  d e p o l a r i z e s  t h e  r e c e p t o r  c e l l .  ( I t  is  

t h i s  d e p o l a r i z a t i o n  o f  t h e  r e c e p t o r  c e l l  w h i c h  c a u s e s  i t  t o  g e n e r a t e  a c t i o n  

p o t e n t i a l s . )  T h e  i o n i c  c u r r e n t  f l o w s  i n  a  c i r c u i t  t h r o u g h  r e c e p t o r  c e l l ,  

s u p p o r t i n g  c e l l  a n d  o v e r l y i n g  m u c u s .  E a c h  o f  t h e s e  c o m p o n e n t s  o f  t h e  

c i r c u i t  c o n t r i b u t e s  s o m e  r e s is t a n c e  s o  t h a t  t h e r e  i s  a  p o t e n t i a l  d i f f e r e n c e  

b e t w e e n  t h e  s u r f a c e  o f  t h e  m u c u s  a n d  t h e  b a s e  o f  t h e  r e c e p t o r  c e l l s .  T h e  E O G  

is  t h e  s u m m e d  e f f e c t  o f  t h e  5  0 0 0  o r  s o  r e c e p t o r  c e l l s  w h i c h  l i e  w i t h i n  r a n g e  

o f  t h e  e l e c t r o d e  t i p .  T h e  m a g n i t u d e  o f  t h e  E O G  c a n  t h e r e f o r e  b e  c o n s i d e r e d  

i n  t e r m s  o f  t h e  l o c a l  c i r c u i t s  a t  c e l l u l a r  l e v e l .

S u p p o s e  t h a t  t h e  E M F  o f  t h e  c i r c u i t  is  E ,  t h a t  t h e  a c t i v e  m e m b r a n e  h a s  a  

v a r i a b l e  r e s is t a n c e ,  R m, d e p e n d i n g  o n  p r e s e n c e  o f  o d o r a n t  a n d  t h a t  t h e  o t h e r  

r e s is t a n c e s  o f  m u c u s  a n d  t i s s u e  t o t a l  w h i c h  is  c o n s t a n t .
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T h e n  t h e  p o t e n t i a l ,  V t, a c r o s s  t h e  c o n s t a n t  r e s is t a n c e ,  R t, i s  g i v e n  b y

Vt =  E . K
R t +  R „

I f  m e m b r a n e  c o n d u c t a n c e ,  G m , is  1 / R m t h e n

K  = E . RvGa
1 + G mRt (1)

I f  i t  i s  a s s u m e d  t h a t  t h e  m e m b r a n e  c o n d u c t a n c e  is  a  l i n e a r  f u n c t i o n  o f  

o d o r a n t  c o n c e n t r a t i o n ,  G m =  k .c ,  t h e n

Vt =  E . R t.
k c

1 +  k c  R t

V  i s  t o  b e  o u r  e s t i m a t e  o f  t h e  E O G  s o  t h a t

E O G  = ---------------  , w h e r e  A  a n d  B  a r e  c o n s t a n t s .
1 +  B e

U p  t o  t h i s  p o i n t  t h e  a r g u m e n t  h a s  f o l l o w e d  t h a t  o f  T u c k e r  a n d  S h ib u y a  

( 6 ) .  B u t  t h e  a b o v e  a s s u m p t i o n  t h a t  t h e  m e m b r a n e  c o n d u c t a n c e  is  a  l i n e a r  

f u n c t i o n  o f  c o n c e n t r a t i o n  is  c l e a r l y  n o t  c o r r e c t  b e c a u s e  a  s a t u r a t i o n  m u s t  

s o o n  b e  r e a c h e d .  I n s t e a d  l e t  u s  a s s u m e  t h a t  t h e r e  i s  a  l i m i t e d  n u m b e r  o f  

g a t e s  i n  t h e  m e m b r a n e  c o r r e s p o n d i n g  t o  a  m a x i m u m  c o n d u c t a n c e  o f  G M .

T h e n ,  a n a l o g o u s  t o  t h e  L a n g m u i r  a d s o r p t i o n  i s o t h e r m ,  w e  h a v e

k c
G m =  G M . ----------—  w h e r e  k  i s  a  c o n s t a n t .

1 +  k c

C o m b i n i n g  t h i s  w i t h  e q u a t i o n  ( 1 )  w e  g e t

V  =  E - R t-GM.k .c
1 +  ( k  +  G M.R v k ) .c

s o  E O G  = --------------- - w h e r e  A  a n d  B  a r e  c o n s t a n t s  a s  b e f o r e .  ( 2 )
1 +  B e

T h e r e f o r e  i t  m a y  a f t e r  a l l  b e  e x p e c t e d  t h a t  t h e  E O G ' s  w o u l d  f o l l o w  e q u a t i o n

( 2 ) .

T h e  c u r v e s  p l o t t e d  o n  t h e  g r a p h s  o f  r e s u l t s  a r e  i n  f a c t  t h o s e  o b t a i n e d  

f r o m  e q u a t i o n  ( 2 )  w i t h  v a lu e s  o f  A  a n d  B  c h o s e n  t o  m a k e  t h e m  f i t  a s  w e l l  a s
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p o s s i b l e  t h e  e x p e r i m e n t a l  p o i n t s .  T h e  c u r v e s  f i t  w e l l  e s p e c i a l l y  h a v i n g  r e g a r d  

t o  t h e  w id e  r a n g e  o f  c o n c e n t r a t i o n s  u s e d  a n d  t h e r e  is  n o  e v id e n c e  t o  s u g g e s t  

t h a t  t h e  r e l a t i o n s h i p  i s  o t h e r  t h a n  t h a t  d e d u c e d .

E a r l i e r  r e s e a r c h e r s  ( 2 ,  7  a n d  8 )  h a v e  w o r k e d  w i t h  s m a l l e r  c o n c e n t r a t i o n  

r a n g e s .  W h e n  t h e i r  r e s u l t s  w e r e  p l o t t e d  o n  l o g - l o g  a x e s ,  t h e  p o i n t s  f e l l  

a p p r o x i m a t e l y  o n  s t r a i g h t  l i n e s  i m p l y i n g  a  p o w e r  f u n c t i o n  r e l a t i o n s h i p .  T h e  

l i n e s  f o r  d i f f e r e n t  s u b s t a n c e s  h a d  d i f f e r e n t  g r a d i e n t s  a n d  i t  w a s  t h o u g h t  t h a t  

t h e  g r a d i e n t s  ( e x p o n e n t s )  w e r e  c h a r a c t e r i s t i c  o f  t h e  s u b s t a n c e .

T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  h a v e  a ls o  b e e n  p l o t t e d  o n  l o g - l o g  a x e s  

a n d  i t  c a n  b e  s e e n  t h a t  f o r  l o w  c o n c e n t r a t i o n s  t h e  r e l a t i o n s h i p  i s  i n d e e d  

p r a c t i c a l l y  l i n e a r .  H o w e v e r ,  i n  n o  c a s e  is  t h e r e  s u g g e s t i o n  t h a t  t h e  g r a d i e n t  

i s  o t h e r  t h a n  1 f o r  l o w  c o n c e n t r a t i o n s .  A n o t h e r  f e a t u r e  o f  t h e  r e s u l t s  is  t h a t  

t h e r e  i s  n o  e v id e n c e  f o r  a  t h r e s h o l d  c o n c e n t r a t i o n  b e l o w  w h i c h  t h e r e  i s  n o  

E O G  r e s p o n s e .

I n  c o n c l u s i o n  i t  m a y  b e  n o t e d  t h a t  t h e  s e n s e  o f  s m e l l  n o w  s e e m s  t o  f a l l  

i n t o  l i n e  w i t h  o t h e r  s e n s e s  i n  f o l l o w i n g  a  s t i m u l u s - r e s p o n s e  r e l a t i o n s h i p  

w h i c h  i s  s i g m o i d a l  i n  f o r m  w h e n  p l o t t e d  o n  s e m i - l o g  p a p e r .

A c k n o w l e d g m e n t s

I  w o u l d  l i k e  t o  t h a n k  m y  e m p l o y e r s ,  B u s h  B o a k e  A l l e n  L t d ,  f o r  a l l o w i n g  

m e  t o  p u r s u e  t h i s  r e s e a r c h  a n d  f o r  g r a n t s  f o r  e q u i p m e n t .  I  a ls o  t h a n k  t h e  

M e d i c a l  R e s e a r c h  C o u n c i l  f o r  g r a n t s  f o r  e q u i p m e n t  a n d  c o l l e a g u e s  a t  

U n i v e r s i t y  C o l l e g e  L o n d o n  f o r  h e l p  a n d  e n c o u r a g e m e n t — e s p e c i a l l y  H u g h  

B o s t o c k .

REFERENCES

(1) Hosoya, Y. and Yashida, H. Ueber die bioelektrische Erscheinungen an der Riechschleim 
haut. Jap. J. M ed . Sci. 3 Biophys. 5 22 (1937).

(2) Ottoson, D. Analysis of the electrical activity of the olfactory epithelium. A cta  Physiol. 
Scand. 35 suppl. 122 1 (1956).

(3) Bostock, H. and Poynder, T. M. Apparatus for delivering and monitoring a sequence of 
odour stimuli. / .  Physiol. 224 14P (1972).

(4) British Patent Appln. 10851/72.
(5) Langmuir, I. Adsorption of gases on plane surfaces of glass, mica and platinum. / .  Arner. 

Chem. Soc. 40 1361 (1918).
(6) Tucker, D. and Shibuya, T. A  physiologic and pharmacologic study of olfactory receptors. 

Symp. Qualitat. Biol. 30 207 (1965).
(7) Drake, B., Johansson, B., Sydow, E. von and Diving, K. B. Quantitative psychological and 

electrophysiological data on some odorous compounds. Scand. J, Psychol. 10 89 (1969).
(8) Ottoson, D. The electro-olfactogram. Handbook o f  Sensory Physiology Vol. IV/195 (1972) 

(Springer-Verlag, Berlin).



J. S o c . C osm et. C hem . 25 203-231 (1974) ©  1974 S o c ie ty  o f  C o sm etic  C h em ists o f  G rea t Britain

Sesquiterpenes in the perfumery 
industry

H. R. A N S A R I  and A . J. C U R T IS *

Presented at the 2nd Joint Perfum ery Symposium organized by  
the British S ociety o f  Perfum ers and the S ociety o f  Cosm etic 
Chemists o f  Great Britain at Eastbourne on 7-9th  M a y  1973

Synopsis— The developments in SESQUITERPENOID CHEMISTRY are reviewed with 
especial reference to their application in PERFUMERY.

S e s q u i t e r p e n e s  a r e  t h e  g r o u p  o f  t e r p e n o i d s  w h i c h  a r e  f o r m e d  b y  t h e  

c o m b i n a t i o n  o f  t h r e e  i s o p r e n e  u n i t s  a n d  a r e  f o u n d  w i d e l y  d i s t r i b u t e d  i n  

m a n y  e s s e n t ia l  o i l s  i n  t h e  h i g h  b o i l i n g  f r a c t i o n .  T h e s e  r e p r e s e n t  a  c o l l e c t i o n  

o f  h i g h l y  c o m p l e x  a n d  d i v e r s e  s t r u c t u r a l  s y s t e m s .  A l t h o u g h  c e r t a i n  s e s 

q u i t e r p e n e - b a s e d  e s s e n t ia l  o i l s ,  s u c h  a s  o i l  o f  s a n d a l w o o d  a n d  v e t i v e r ,  h a v e  

b e e n  u s e d  i n  p e r f u m e r y  s in c e  a n t i q u i t y ,  t h e  d e t a i l e d  s t u d y  o f  s e s q u i t e r p e n e  

c h e m i s t r y  c o m m e n c e d  o n l y  a b o u t  2 0  y e a r s  a g o .  T h i s  p r o g r e s s  h a s  b e e n  

p o s s i b l e  m a i n l y  d u e  t o  m o d e r n  m e t h o d s  o f  i s o l a t i o n ,  s t r u c t u r a l  d e t e r m i 

n a t i o n  a n d  s y n t h e s is .  I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  f u t u r e  o f  o u r  i n d u s t r y  

l i e s  i n  s i m u l a t i n g  a s  m a n y  e s s e n t ia l  o i l s  a s  p o s s i b l e  a n d  h e n c e  le s s e n  i t s  

d e p e n d e n c e  o n  t h e  n a t u r a l  o i l s .  I n  t h i s  r e s p e c t  t h e  d e t a i l e d  a n d  m o r e  

c o m p r e h e n s i v e  a n a l y s i s  o f  e s s e n t ia l  o i l s  i s  r e v e a l i n g  t h a t  m a n y  c o m m e r c i a l l y  

i m p o r t a n t  o i l s  c o n t a i n  a  n u m b e r  o f  s e s q u i t e r p e n e s  w h i c h  a r e  i m p o r t a n t  t o  

t h e  o v e r a l l  o d o u r  o f  s u c h  o i l s .  C o n s e q u e n t l y ,  i n  m a n y  c a s e s  t h e  s c o p e  o f  

c o m m e r c i a l l y  p r o d u c i n g  s y n t h e t i c  o i l s  w i l l  d e p e n d  o n  t h e  a v a i l a b i l i t y  o f

♦Bush Boake Allen Ltd, London E l5.
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s u c h  s e s q u i t e r p e n e s .  A n o t h e r  u s e  o f  s e s q u i t e r p e n e  c o m p o u n d s  i n  p e r 

f u m e r y  is  t o  c o n v e r t  t h e  r e a d i ly  a v a i l a b l e  n a t u r a l  s e s q u i t e r p e n e s  i n t o  v a r io u s  

o d o r i f e r o u s  c o m p o u n d s  o n  l in e s  s i m i l a r  t o  m o n o t e r p e n e s .  H o w e v e r ,  t h e  

c o m p l e x  n a t u r e  o f  t h i s  c la s s  o f  c o m p o u n d s  c o u p le d  w i th  t h e  l a c k  o f  c o m 

m e r c i a l l y  f e a s ib l e  m e t h o d s  o f  s y n th e s i s  h a v e  p r e v e n t e d  a  r e a l  b r e a k t h r o u g h .

T h e  i n c r e a s e d  d e m a n d  o f  p e r f u m e r y  m a t e r i a l s  h a s  p r e s s u r i z e d  th e  

i n d u s t r y  t o  l o o k  f o r ,  a n d  a c c e p t ,  s y n t h e t i c  e q u iv a l e n t s  o f  t h e  n a t u r a l  

p r o d u c t s ,  d e s p i t e  t h e  o d o u r  d i f f e r e n c e s  b e tw e e n  t h e  t w o .  T h is  h a s  l e d  t o  t h e  

c o m m e r c i a l  p r o d u c t i o n  o f  m a t e r i a l s  s u c h  a s  g e r a n i o l ,  n e r o l ,  c i t r o n e l l o l ,  

m e n t h o l ,  c i t r a l  a n d  t h e  i o n o n e s  w h o s e  i s o l a t i o n  f r o m  n a t u r a l  o i ls  h a s  s in c e  

b e c o m e  f a r  le s s  e c o n o m i c a l .  T h e s e  m a t e r i a l s  h a v e  b e e n  p r o d u c e d  f r o m  

h e a v y  o r g a n i c  c h e m i c a l s  ( a c e ty l e n e  a n d  a c e to n e )  a n d  b y  t r a n s f o r m a t i o n  o f  

n a t u r a l  m o n o t e r p e n e s  w h ic h  a r e  a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  ( a -  a n d  p - 

p i n e n e ) .  T h e r e  is  n o  c o u n t e r p a r t  o f  t h e  v e r s a t i l e  m o n o t e r p e n e  m y r c e n e  in  

s e s q u i t e r p e n e  c h e m i s t r y  a n d  a n  a d v a n c e m e n t  c o m p a r a b l e  t o  m o n o t e r p e n e s  

m a y  a p p e a r  t o  b e  u n l ik e l y  i n  t h e  n e a r  f u t u r e .  B u t  i t  i s  i n t e r e s t i n g  t o  n o t e  

t h a t  a n  i n c r e a s in g  n u m b e r  o f  s p e c ia l i t y  c h e m ic a l s  a r e  a l r e a d y  a p p e a r i n g  o n  

t h e  p e r f u m e r y  s c e n e .  I n  o u r  o p i n i o n  m a n y  p e r f u m e r y  h o u s e s  u s e  s e s q u i t e r 

p e n e  c o m p o u n d s  i n  l im i t e d  a m o u n t s  i n  v a r i o u s  f o r m u l a t i o n s  w h ic h  a r e  

o f t e n  c l o s e l y - g u a r d e d  c o m m e r c i a l  s e c r e t s .

D u r i n g  t h e  l a s t  15 y e a r s  t h e  i n d u s t r y  h a s  h a d  b e n e f i t  f r o m  t h e  e x te n s iv e  

r e s e a r c h  o n  m o n o t e r p e n e s  a n d  p e r h a p s  n o w  i t  is  t im e  t o  e x p lo r e  t h e  s e s 

q u i t e r p e n e  f ie ld  w i t h  t h e  s a m e  s e r io u s n e s s .  I t  is  n e i t h e r  t h e  p u r p o s e  n o r  t h e  

s c o p e  o f  t h i s  p a p e r  t o  d e a l  w i th  t h e  s y s t e m a t i c  d e s c r i p t i o n  o f  s e s q u i t e r p e n e s  

w h ic h  h a v e  b e e n  i s o l a t e d  f r o m  e s s e n t ia l  o i l s  a n d  c h a r a c t e r i z e d  t o - d a t e .  

I n s t e a d ,  w e  i n t e n d  t o  c o n c e n t r a t e  o n  t h e  u s e  a n d  c h e m i s t r y  o f  t h o s e  s e s 

q u i t e r p e n e s  a n d  t h e i r  d e r iv a t i v e s  w h ic h  o c c u r  in  c o m m e r c i a l l y  i m p o r t a n t  

o i ls  a n d  w h ic h  h a v e  a l r e a d y  m a d e  a n  i m p a c t  o n  t h e  p e r f u m e r y  i n d u s t r y .  

M a n y  o f  t h e s e  s e s q u i t e r p e n o i d  c o m p o u n d s  a r e  c o m m e r c i a l l y  a v a i l a b l e .

I t  w i l l  b e  p e r t i n e n t  a t  t h i s  s t a g e  t o  m e n t i o n  t h a t  t h e  b io g e n e s i s  o f  m o s t  

s e s q u i t e r p e n o i d s  i n  e s s e n t ia l  o i l  y i e ld in g  p l a n t s  is  c o n s i d e r e d  t o  b e  b a s e d  o n  

t h e  c y c l i z a t i o n  o f  tr a n s - tra n s  a n d  c is - tr a n s - f a r n e s y l  p y r o p h o s p h a t e  i s o m e r s  

w h ic h  in  t u r n  a r e  p r o d u c e d  f r o m  m e v a l o n ic  a c i d  (1 , 2 ) . T h e s e  b io g e n e t ic  

t r a n s f o r m a t i o n s  g iv e  r i s e  t o  s o m e  i m p o r t a n t  s e s q u i t e r p e n e  g r o u p s  w h ic h  

w i l l  b e  d i s c u s s e d  h e r e  (F ig . 1).

T h e  a c y c l i c  o le f in s  a -  a n d  P - f a r n e s e n e s  p o s s e s s  i n t e r e s t i n g  o d o u r s ,  w h ic h  

a r e  g e n e r a l l y  n o t  k n o w n  t o  p e r f u m e r s  b e c a u s e  o f  c o m m e r c i a l  n o n - a v a i l a b i l i t y .  

T h e  l a t t e r  c o m p o u n d  o c c u r s  i n  m a n y  e s s e n t ia l  o i ls  s u c h  a s  l a v e n d e r ,  p e p p e r ,  

h o p s ,  c o p a i b a ,  y l a n g - y l a n g  a n d  g i n g e r  o i l  ( 3 - 5 ) .  P e y r o n ,  B e n e z e t  a n d
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Figure 2.

G a r n e r e  (6 )  f o u n d  P - f a r n e s e n e  t o  b e  o n e  o f  t h e  m o s t  i m p o r t a n t  c o n s t i t u e n t s  

o f  l a v e n d e r  o i l .  T h e  a - i s o m e r  h a s  n o t  b e e n  r e p o r t e d  t o  o c c u r  i n  n a t u r e  b u t  

h a s  b e e n  s y n t h e s i z e d  b y  d e h y d r a t i o n  o f  n e r o l i d o l  o r  f a r n e s o l  (7 , 8 ).

T h e  i s o m e r i c  a l c o h o l s  n e r o l i d o l  a n d  f a r n e s o l  a r e  i m p o r t a n t  p e r f u m e r y  

c h e m ic a l s .  N e r o l i d o l  w a s  f i r s t  i s o l a t e d  f r o m  n e r o l i  o i l  (9 )  a n d  s in c e  h a s  b e e n  

f o u n d  t o  o c c u r  i n  s e v e r a l  o t h e r  e s s e n t ia l  o i ls ,  e .g .  j a s m i n e ,  c i t r o n e l l a ,  p e p p e r  

a n d  c a b r e u v a  o i l  ( 1 0 - 1 2 ) .  A c c o r d i n g  t o  A r c t a n d e r  (1 3 )  i t  h a s  a  m i l d  a n d  

w o o d y - f l o r a l ,  s l i g h t ly  g r e e n  o d o u r  w i t h  e x c e l l e n t  t e n a c i t y ,  a n d  g o o d  

b l e n d i n g  a n d  f i x a t iv e  p r o p e r t i e s .  W i t h  t h e  a v a i l a b i l i t y  o f  s y n t h e t i c  n e r o l i d o l ,  

a  d r a s t i c  r e d u c t i o n  i n  i t s  p r i c e  h a s  b e e n  o b s e r v e d .  T h e  s y n th e s i s  w h ic h  is  

b a s e d  o n  c h e a p  r a w  m a t e r i a l s  s u c h  a s  a c e ty l e n e  a n d  a c e to n e ,  m a k e s  n e r o 

l id o l  a  f e a s ib l e  e n t r y  i n t o  t h e  s e s q u i t e r p e n e  f ie ld  f r o m  a  c o m m e r c i a l  v ie w 

p o i n t  {F ig . 3).

T h e  c h e m i c a l  p o s s ib i l i t i e s  o f  c o n v e r t i n g  n e r o l i d o l  i n t o  v a r i o u s  s e s q u i t e r 

p e n e s  a r e  e n o r m o u s .  S o m e  w o r k  h a s  a l r e a d y  b e e n  c a r r i e d  o u t  o n  t h e  i s o 

m e r i z a t i o n  t o  f a r n e s o l  ( 1 5 )  a n d  c y c l i z a t i o n  t o  a n  i n t e r e s t i n g  r a n g e  o f  c y c lc i  

t e r p e n e s  (1 6 ) .  H o w e v e r ,  u n l ik e  n a t u r e ,  t h e  p r o d u c t  s e l e c t i v i ty  i n  t h e s e  

c y c l i z a t i o n s  is  l o w ,  b u t  f u r t h e r  r e s e a r c h  in  t h i s  a r e a  s h o u l d  p r o v e  t o  b e  

e x t r e m e l y  u s e f u l .

H2 Nerolidol

Figure 3.
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F a r n e s o l  o c c u r s  in  s e v e r a l  e s s e n t ia l  o i ls ,  e .g .  o i l s  o f  a m b r e t t e  s e e d ,  n e r o l i ,  

r o s e ,  c y c l a m e n ,  j a s m i n e  e tc .  ( 1 7 , 18 ). I t  h a s  a  d e l i c a t e  s w e e t  o i ly  o d o u r  

d e v e lo p in g  i n t o  a  f l o r a l  f r e s h - g r e e n  n o t e  a n d  f in d s  u s e s  i n  f l o r a l ,  o r i e n t a l  

a n d  c h y p r e  f r a g r a n c e s  (1 3 ) .  B io g e n e t ic a l l y  s p e a k in g ,  t h i s  a l c o h o l  o c c u p i e s  a  

v e r y  s ig n i f i c a n t  p o s i t i o n  in  s e s q u i t e r p e n e  c h e m i s t r y  s in c e  i t  h a s  b e e n  

e s t a b l i s h e d  t h a t  f a r n e s y l  p y r o p h o s p h a t e  i s  t h e  in  v ivo  p r e c u r s o r  o f  a  

v a r i e ty  o f  s e s q u i t e r p e n e s .  T h e  a c i d  c a t a l y s e d  c y c l i z a t i o n  o f  f a r n e s o l ,  in  

a  m a n n e r  s i m i l a r  t o  n e r o l i d o l ,  g iv e s  a  c o m p l e x  m i x t u r e  o f  c y c l ic  p r o d u c t s  

a m o n g  w h i c h  b i s a b o l a n e  a n d  c a d i n a n e  s t r u c t u r e s  a r e  t h e  m o s t  p r o m i n e n t  

(1 6 ) .  S e v e r a l  s y n th e s e s  o f  f a r n e s o l  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  b u t  

n o n e  o f  t h e s e  is  c o m m e r c i a l l y  a t t r a c t i v e .  I s o m e r i z a t i o n  o f  n e r o l i d o l  t o  

f a r n e s o l  i n  a c c e p t a b l e  y i e ld s  s h o u l d  h a v e  a  s i g n i f i c a n t  e f fe c t  o n  t h e  u s a g e  o f  

t h i s  a l c o h o l  w h ic h  i s  p r e s e n t l y  r e s t r i c t e d  b e c a u s e  o f  i t s  h i g h  p r i c e .

R e c e n t l y ,  S te v e n s ,  L u d i n  a n d  T e r a n i s h i  ( 1 9 a ) ,  i s o l a t e d  a n d  c h a r a c t e r i z e d  

t w o  i s o m e r i c  a ld e h y d e s  a -  a n d  P - s in e s a l  b e lo n g i n g  t o  t h e  f a r n e s a n e  g r o u p  

w h i c h  o c c u r  i n  C h in e s e  o r a n g e  o i l  (1 9 b ,  c  a n d  d ) .  B o t h  a ld e h y d e s  e x is t  in  

t h e  a l l  tra n s -  f o r m  a n d  h a v e  a t t r a c t e d  t h e  a t t e n t i o n  o f  f l a v o u r i s t s  a n d  

p e r f u m e r s  a n d  s e v e r a l  c o m m e r c i a l  s y n t h e s e s  h a v e  b e e n  a c c o m p l i s h e d .

S e v e r a l  m e m b e r s  o f  t h e  b i s a b o l a n e  g r o u p  o f  s e s q u i t e r p e n e s  o c c u r  i n  

m a n y  c o m m e r c i a l l y  i m p o r t a n t  e s s e n t i a l  o i ls .  T h e  p a r e n t  h y d r o c a r b o n  

b i s a b o le n e  c a n  h a v e  s e v e r a l  i s o m e r s  w i t h  r e g a r d  t o  t h e  p o s i t i o n  o f  d o u b l e  

b o n d s ,  b u t  t h e  y - b i s a b o le n e  is  t h e  m o s t  i m p o r t a n t  o n e  a n d  o c c u r s  i n  o i l  o f  

b i s a b o l  m y r r h ,  l e m o n ,  l im e ,  b e r g a m o t ,  c a r d a m o m ,  s a n d a l w o o d ,  e tc .  I t  is  

a l s o  o b t a i n e d  b y  d e h y d r a t i o n  o f  n e r o l i d o l  d u r i n g  t h e  c y c l i z a t i o n  (1 6 ) .  I t  is  

i n t e r e s t i n g  p e r f u m e r y  c h e m i c a l  w i t h  a  p l e a s a n t ,  w a r m ,  s w e e t - s p i c y - b a l s a m ic  

o d o u r  w h i c h  m a k e s  i t  i n v a l u a b le  i n  t h e  r e c o n s t i t u t i o n  o f  e s s e n t ia l  o i l s  a n d  

a s  a  p e r f u m e r y  m a t e r i a l  i n  i t s  o w n  r i g h t .  I t  i s  a  v i t a l  p a r t  o f  t h e  o r i e n t a l ,  

o p o p a n a x ,  c h y p r e  a n d  n o v e l t y  f r a g r a n c e s  (1 3 ) .

T h e  h y d r o c a r b o n s  z in g i b e r e n e  a n d  a r - c u r c u m e n e  c o n s t i t u t e  t h e  m a j o r  

p a r t  o f  t h e  s e s q u i t e r p e n e  f r a c t i o n  o f  t h e  o i l  o f  Z in g ib e r  o ffic in a le  ( g i n g e r  o i l ) .

a—S in e s a l 0— Sinesal

Figure 4.
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y. B isab o len e  
Figure 5.

Z in g i b e r e n e  h a s  a  w a r m ,  w o o d y - s p ic y  t e n a c i o u s  o d o u r  w i th  d e e p  s w e e tn e s s .  

I t s  s t r u c t u r e  a s  s h o w n  w a s  a s s ig n e d  b y  E i s c h e m o s h e r  a n d  S c h in z  a n d  a l s o  b y  

M i l l s  (2 0 , 2 1 ) .  S e v e r a l  s y n th e s e s  o f  ( ± )  z i n g i b e r e n e  h a v e  b e e n  r e p o r t e d  b u t  

t h e  m o s t  i n t e r e s t i n g  a p p r o a c h  is  b a s e d  o n  c i t r o n e l l a l  a n d  c a n  l e a d  t o  t h e  

o p t i c a l l y  a c t i v e  h y d r o c a r b o n  (2 2 , 2 3 ) . a r - C u r c u m e n e  h a s  b e e n  s y n th e s i z e d  

b y  H o n w a d  a n d  R a o  (2 4 , 2 5 )  b u t  h a s  a n  u n i n t e r e s t i n g  o d o u r .

Figure 6.

a - B i s a b o l o l  o c c u r s  in  o i l  o f  c a m o m i l e  (2 6 , 2 7 )  a n d  t h e  r a c e m i c  f o r m  is  

p r e p a r e d  b y  a c i d - c a t a l y s e d  c y c l i z a t i o n  o f  n e r o l i d o l  (1 6 ) .  I t  c a n  b e  u s e d  a s  a  

f ix a t iv e  a n d  b l e n d e r  i n  m a n y  f o r m u l a t i o n s  w i th  i n t e r e s t i n g  r e s u l t s .  A n o t h e r  

i n t e r e s t i n g  m e m b e r  o f  t h e  g r o u p  is  a  p r i m a r y  a l ly l ic  a l c o h o l  l a n c e o l  w h ic h  

o c c u r s  i n  t h e  o i l  o f  S a n t  a lu m  la n c e o la tu m  (2 1 , 2 8 ) .

ct Bisobolol Lanceol

Figure 7.

G e r m a c r a n e s ,  a  g r o u p  o f  1 0 - m e m b e r e d  r i n g  c o m p o u n d s ,  w e r e  p o s t u 

l a t e d  b y  R u z ic k a ,  E s c h e n m o s e r  a n d  H e u s s e r  (2 9 )  a s  i n t e r m e d i a t e s  o f  c r u c i a l  

s ig n i f ic a n c e  i n  t h e  b i o g e n e s i s  o f  t h e  e le m a n e - ,  e u d e s m a n e - ,  a n d  g u a i a n e - t y p e  

s e s q u i t e r p e n o id s  f r o m  f a r n e s y l  p y r o p h o s p h a t e  (2 9 ) .  H o w e v e r ,  n o  m e m b e r  o f  

t h i s  g r o u p  w a s  a c t u a l l y  i s o l a t e d  a n d  c h a r a c t e r i z e d  u n t i l  g e r m a c r o n e  a n d
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p y r e t h r o s i n e  w e r e  c h a r a c t e r i z e d  b y  O g n y a n o v  e t  a l  a n d  B a r t o n  a n d  d e  

M a y o  r e s p e c t iv e ly  i n  1 9 5 7  (3 0 , 3 1 ) .  S in c e  t h e n  s e v e r a l  o t h e r  c o m p o u n d s  

b e lo n g i n g  t o  t h i s  g r o u p  h a v e  b e e n  i s o l a t e d  a n d  c h a r a c t e r i z e d  b y  c a r e f u l  

w o r k - u p .  S o r m  h a s  r e c e n t l y  p u b l i s h e d  a n  e x c e l l e n t  r e v ie w  o f  t h e  c h e m i s t r y  

o f  g e r m a c r a n e s  (3 2 ) .

Figure 8.

G e r m a c r o n e  w a s  i s o l a t e d  f r o m  o i l  o f  G e ra n iu m  m a c r o r h iz u m  i n  5 0 %  

y ie ld  (3 0 ) .  I t  h a s  a  f a i n t ,  s w e e t - w o o d y ,  s o m e w h a t  h e r b a c e o u s  o d o u r  o f  

e x t r a o r d i n a r y  t e n a c i t y .  A l t h o u g h  t h e  k e t o n e  is  n o t  o f f e r e d  a s  a  p u r e  c h e m i 

c a l ,  t h e  o i l s  r i c h  i n  t h i s  m a t e r i a l  h a v e  b e e n  s u g g e s t e d  t o  b e  u s e f u l  a s  a  

m o d i f y i n g  f i x a t iv e  i n  a m b r e ,  c h y p r e ,  a n d  m o s s y  f r a g r a n c e  ty p e s .  T h e  p u r e  

k e t o n e  i t s e l f  b l e n d s  w e l l  w i t h  t h e  i o n o n e s ,  g e r a n i u m ,  a m b e r g r i s ,  v e t i v e r ,  a n d  

c e d a r w o o d  t y p e s  (1 3 ) .

T h e  h y d r o c a r b o n s  g e r m a c r e n e  A ,  B , C  a n d  D  o f f e r  i n t e r e s t i n g  s y n t h e t i c  

p o s s ib i l i t i e s  o f  o b t a i n i n g  v a r i o u s  w e l l - k n o w n  s e s q u i t e r p e n e s  w h i c h  a r e  

c r u c i a l l y  i m p o r t a n t  i n  s i m u la t e d  e s s e n t i a l  o i ls .

G e r m a c r e n e - A  G e r m a c r e n e - B  G e r m a c r e n e - C  Germacrene —D

Figure 9.

A  v a r i e ty  o f  a c i d - c a t a l y s e d  a n d  p h o t o c h e m i c a l  t r a n s f o r m a t i o n s  t o  s y s te m s  

s u c h  a s  e u d e s m a n e s ,  c o p a e n e ,  y l a n g a n e ,  b o u r b o n a n e  ( p r e s e n t  i n  t h e  

e s s e n t i a l  o i l  o f  g e r a n i u m  b o u r b o n ) ,  c a d i n a n e ,  a n d  m u u r o l a n e  a r e  k n o w n  

a n d  i l l u s t r a t e  t h e  b i o g e n e t i c  s ig n i f ic a n c e  o f  t h i s  g r o u p  (3 3 ) .

T h e  e le m a n e  g r o u p  c o n s i s t s  o f  a  n u m b e r  o f  h y d r o c a r b o n s  a n d  o x y g e n a t e d  

d e r iv a t i v e s  i n c l u d i n g  l a c t o n e s  a n d  o c c u r  w id e ly  i n  m a n y  e s s e n t i a l  o i ls .  

T h e s e  c o m p o u n d s  a r e  c lo s e ly  r e l a t e d  t o  e u d e s m a n e s  a n d  g e r m a c r a n e s ,  a n d  

i t  is  g e n e r a l l y  s u p p o s e d  t h a t  m a n y  m e m b e r s  a r e  p r o b a b l y  a r t e f a c t s  o f
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( I ) R eduction  
(2 )  P y ro ly s is

(3) H,

HZ ( H ) 0  
-------------------->

Elemone Germocrone Sei i none

Y — Cadinene

h l l

S — Cadinene

a — A m o rph e n e /3 — Bourbonene

Figure 10.

t h e  l a t t e r .  T h e  h y d r o c a r b o n s  a -  a n d  P - e le m e n e  o c c u r  i n  s w e e t - f l a g  o i l  (3 4 )  

a n d  g u r j u n  b a l s a m  (3 5 )  r e s p e c t iv e ly ,  b u t  h a v e  f o u n d  n o  s p e c if ic  u s e  in  

p e r f u m e r y  s o  f a r .  T h e  a l c o h o l  e le m o l  f o u n d  in  J a v a  c i t r o n e l l a  o i l  a n d  

e le rn i  o i l  h a s  t h e  c o n f i g u r a t i o n  a s  i n d i c a t e d  a n d  a f f o r d s  u - e le m e n e  o n  

d e h y d r a t i o n  (3 6 ) .  E l e m o l  h a s  a  f a i n t ,  s w e e t - w o o d y  o d o u r  w i t h  a n  a l m o s t  

f l o r a l  u n d e r t o n e ,  a n d  t h e  e s s e n t ia l  o i l  f r a c t i o n s  r i c h  i n  t h i s  a l c o h o l  a r e  u s e d  

a s  f ix a t iv e s ,  b l e n d e r s  o r  m o d i f i e r s  in  s o a p  p e r f u m e r y .  T h e  t o t a l  s y n th e s i s  o f  

e l e m o l  w a s  a c c o m p l i s h e d  b y  C o r e y  a n d  B r o g e r  (3 7 ) .

T h e  e u d e s m a n e  g r o u p  is  p r o b a b l y  t h e  l a r g e s t  o f  t h e  s e s q u i t e r p e n e  

g r o u p s  a n d  c a n  b e  c o n s i d e r e d  t o  h a v e  b e e n  d e r iv e d  f r o m  f a r n e s y l  p y r o 

p h o s p h a t e  c y c l i z a t i o n  i n v o lv i n g  a  g e r m a c r a n e  s k e l e t o n  a s  a n  i n t e r m e d i a t e .  

T h e  h y d r o c a r b o n s  a -  a n d  p - s e l in e n e  a r e  f o u n d  in  B o is  d e  R o s e  a n d  c e le r y
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a.— E lemene

E I emol  

Figure 11.

s e e d  o i l  (3 8 , 3 9 ) , w h e r e a s  t h e  a l c o h o l  P - e u d e s m o l  o c c u r s  i n  e u c a ly p t u s  o i l  

(4 0 ) .  a - S e l i n e n e  h a s  a  m i l d ,  s w e e t - w o o d y ,  a n d  s l i g h t ly  p e p p e r y  o d o u r ,  t h e  

p - i s o m e r  h a s  a  s i m i l a r  b u t  w a r m e r  a n d  m o r e  h e r b a c e o u s  o d o u r  (1 3 ) .  P - 

E u d e s m o l  w h ic h  f i n d s  s o m e  u s e  a s  a  f ix a t iv e  o f f e r s  a  d e l i c a t e ,  s w e e t - w o o d y  

a n d  w a r m  o d o u r .  T h e  c o r r e s p o n d i n g  a c e t a t e  e s t e r  is  a l s o  i n t e r e s t i n g  f o r  i t s  

l in a ly l  a c e t a t e  t y p e  o d o u r  c o m b i n e d  w i t h  m u c h  b e t t e r  t e n a c i t y .  B o t h  P -

a — Se linene /3 - S e l i n e n e  / 3 - E u d e s m o !

Figure 12.

s e l in e n e  a n d  P - e u d e s m o l  h a v e  b e e n  s y n t h e s i z e d  b y  M a r s h a l l ,  P i k e  a n d  

C a r r o l l  (4 1 ) .  C y p e r e n e  a n d  a - c y p e r o n e  a l s o  o f f e r  i n t e r e s t i n g  s t r u c t u r a l  

s y s te m s ,  t h e  l a t t e r  b e in g  th e  m a i n  c o n s t i t u e n t  o f  t h e  o i l  o f  C y p e r u s  ro ta n d u s  

(4 2 ) .
P e n f o l d ,  R o b i n s o n  a n d  S i m o n s e n  ( 4 4 )  s p e c u la t e d  a  1 ,2 - a lk y l  s h i f t  i n  

e u d e s m a n e s  t o  g e n e r a t e  t h e  c o m m e r c i a l l y  i m p o r t a n t  g r o u p  o f  c o m p o u n d s  

k n o w n  a s  e r e m o p h i l a n e s  (4 4 ) .  E r e m o p h i l e n e  is  p r e s e n t  i n  a  n u m b e r  o f  

e s s e n t ia l  o i l s  a n d  h a s  b e e n  a  s u b j e c t  o f  s e v e r a l  p u b l i c a t i o n s  a n d  a  r e c e n t  

r e v ie w  b y  P i n d e r  (4 3 ) .  T h e  k e t o n e  E r e m o p h i l o n e  is  a  c o n s t i t u e n t  o f  E r e m o -  

p h il la  m itc h e l l i  (4 4 ) .
T h e  m o s t  c o m m e r c i a l l y  i m p o r t a n t  m e m b e r s  o f  t h e  g r o u p  a r e  v a le n c e n e ,  

n o o t k a t e n e ,  a n d  n o o t k a t o n e .  V a l e n c e n e  h a s  b e e n  i s o l a t e d  f r o m  o r a n g e  j u i c e  

o i l  a n d  o r a n g e  p e e l  o i l  ( 4 5 ) ,  a n d  i t s  s t r u c t u r e  a n d  a b s o l u t e  c o n f i g u r a t i o n  

h a s  b e e n  r e l a t e d  t o  n o o t k a t e n e ,  a  / - b u ty l  c h r o m a t e  o x i d a t i o n  p r o d u c t  o f
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C y p e re n e a - C y p e r o n e

Erem oph i lene

Figure 13.

E rem oph i lone

v a le n c e n e .  N o o t k a t o n e  i t s e l f  i s  a n  i m p o r t a n t  f l a v o u r  c h e m i c a l  i s o l a t e d  f r o m  

g r a p e f r u i t  o i l  (4 6 ) .  N o o t k a t e n e  o r  d e h y d r o v a l e n c e n e  is  r e a d i l y  o b t a i n a b l e  

f r o m  w o o d  o f  C h a m a e c y p a n s  n o o tk a te n s is  b y  s t e a m  d i s t i l l a t i o n  a n d  c a n  b e  

c o n v e r t e d  i n  h i g h  y i e ld  i n t o  n o o t k a t o n e  b y  h y d r o c h l o r i n a t i o n  f o l lo w e d  b y  

o x i d a t i o n  (4 7 ) .  T h e r e f o r e ,  t h e  c o m m e r c i a l  i m p o r t a n c e  o f  v a l e n c e n e  a n d  

n o o t k a t e n e  l ie s  i n  b e in g  r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  f o r  a  c o n v e n i e n t  

s y n th e s i s  o f  n o o t k a t o n e .  N o o t k a t o n e  h a s  a n  e x t r e m e l y  p o w e r f u l ,  s w e e t  a n d  

c i t r u s y  o d o u r  o f  g o o d  t e n a c i t y  a n d  h e n c e  in  a d d i t i o n  t o  i t s  w e l l  e s t a b l i s h e d  

u s e  i n  f l a v o u r ,  i t  c o u l d  u n d o u b t e d l y  f in d  u s e  i n  c e r t a i n  p e r f u m e  f o r m u l a 

t i o n s .  I t s  f u r t h e r  d e t e c t i o n  in  o t h e r  o i ls  s u c h  a s  b e r g a m o t ,  l e m o n ,  l im e ,  a n d  

t a n g e r i n e  e m p h a s i z e s  i t s  i m p o r t a n c e  in  f l a v o u r  a n d  p e r f u m e r y  (4 5 ) .

V a le n c e ne N o o tk a te n e Nootka tene

N a H

Nootkatone

Figure 14.
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S e v e r a l  s t e r e o s p e c i f i c  s y n th e s e s  o f  ( ± ) - n o o t k a t o n e h a v e  b e e n  r e p o r t e d  i n  t h e  

l i t e r a t u r e .  P i n d e r  a n d  O d o m  (4 9 )  a n n e l a t e d  m - d i h y d r o c a r v o n e  w i t h  tr a n s -3 - 

p e n t - e n - 2 - o n e  t o  o b t a i n  n o o t k a t o n e ,  w h ic h  w a s  a l s o  s y n t h e s i z e d  b y  M a r s h a l  

a n d  R u d e n  b y  a  m u l t i s t e p  s y n th e s i s  (5 0 ) .

A  r e c e n t  p a t e n t  d e s c r i b e s  t h e  f o l l o w in g  s y n th e s i s  (5 1 ) .

N o o t k a t o n e  h a s  a l s o  b e e n  t h e  s u b j e c t  o f  d e t a i l e d  s e n s o r y  p r o p e r t i e s .  

O h l o f f  a n d  G i e r s c h  (5 2 )  s t u d i e d  t h e  r e l a t i o n s h i p  b e tw e e n  o d o u r  a n d  s t r u c t u r e  

b y  c o m p a r i n g  t h e  o d o u r  a n d  t a s t e  o f  v a r i o u s  n o o t k a t o n e  i s o m e r s  a n d  t h e i r  

d e r iv a t i v e s .  I t  w a s  f o u n d  t h a t  t h o s e  c o m p o u n d s  w i t h  a  f r u i t y  o d o u r  h a v e  a  

b i t t e r  t a s t e ,  w h e r e a s  t h o s e  w h ic h  a r e  d e v o id  o f  f r u i t y  s m e l l  h a v e  n o  t a s t e .  

F u r t h e r m o r e ,  t h e  d o u b l e  b o n d  r e m o t e l y  s i t u a t e d  f r o m  t h e  c a r b o n y l  f u n c t i o n  

is  o f  s p e c ia l  i m p o r t a n c e  in  r e g a r d  t o  t h e  o d o u r  a n d  t a s t e .  S t e v e n s ,  G u a d a g u i  

a n d  S t e r n  (5 3 )  a n d  T e r a n i s h i  (5 4 )  a l s o  a r r i v e d  a t  s i m i l a r  c o n c l u s i o n s ,  b u t  a d d  

t h a t  n o o t k a t o n e  i s o m e r s  h a v e  d i f f e r e n t  o d o u r  q u a l i t i e s  b u t  h a v e  o n ly  s m a l l  

d i f f e r e n c e s  in  p o t e n c i e s .

T h e  c o m p o u n d s  b e lo n g i n g  t o  v e t i s p i r a n e  a n d  t r i c y c l o v e t i v a n e  a r e  

d e r iv e d  m a i n l y  f r o m  t h e  e s s e n t ia l  o i l  o f  V e tiv e r ia  z iza n o id e s ,  a  p e r e n n i a l  

g r a s s  w h ic h  g r o w s  w i ld  in  I n d i a ,  C e y lo n ,  B u r m a ,  R e u n i o n  I s l a n d ,  a n d  

s e v e r a l  o t h e r  c o u n t r i e s .  T h e  o i l ,  w h i c h  h a s  b e e n  u s e d  in  p e r f u m e r y  s in c e  

a n t i q u i t y ,  c o n s i s t s  m ia n l y  o f  s e s q u i t e r p e n e s .  T h e s e  s e s q u i t e r p e n e s  a r e  a -  
v e t i v o n e  (5 5 ) ,  (3 -v e tiv o n e  ( 5 6 ) ,  t r i c y c l o v e t i v e n o l  o r  k h u s i m o l  (5 7 ) ,  b i c y c lo -  

v e t i v e n o l  (5 8 ) ,  a n d  v e t iv e n y l  a c e t a t e s .  O r i g i n a l l y  t h e s e  c o m p o u n d s  w e r e  

a s s i g n e d  w r o n g  s t r u c t u r e s  w h ic h  h a v e  b e e n  r e f u t e d  o n ly  r e c e n t l y  a n d  t h e  

r e v is e d  s t r u c t u r e s  a r e  a s  s h o w n  b e lo w ,  a -  a n d  P - V e t iv o n e s  a r e  u s e d  in  p e r 

f u m e r y  a s  a  m i x t u r e  d e r iv e d  f r o m  t h e  k e t o n e  f r a c t i o n  o f  v e t iv e r  o i l .  T h e y  

p o s s e s s  a n  o d o u r  w h ic h  is  v e r y  m u c h  r e m i n i s c e n t  o f  t h e  p a r e n t  o i l  b u t  m o r e  

t e n a c i o u s .  T h e s e  k e to n e s  c a n  b e  a  v a lu a b l e  p a r t  o f  o r i e n t a l  t y p e  f o r m u l a 

t i o n s  (1 3 ) .  T h e  c h e m i s t r y  o f  a - v e t iv o n e  is  c lo s e ly  r e l a t e d  t o  t h a t  o f  n o o t 

k a t o n e  a n d  h e n c e  is  a l s o  k n o w n  a s  i s o n o o t k a t o n e .  D u e  t o  t h i s  r e l a t i o n s h i p  

w i th  n o o t k a t o n e  i t  w o u ld  b e  s u r p r i s i n g  i f  w e  d o  n o t  se e  a  s y n t h e t i c  m a t e r i a l  

c o m m e r c i a l l y  a v a i l a b l e  in  t h e  n e a r  f u t u r e .  D e p e n d i n g  u p o n  t h e i r  o r i g in  a n d
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4  -  E p in o o tk a to n e  
F r u i t y ,  w oo d y ,  b i t t e r

0 - y -  Nootkatone 
Grapefruify -  b itte r

N a r d o s ta c h o n e  
F r u i t y  — b i t t e r

1 ,10  -D ih y d r o n o o tk a to n e  
F r u i t y - b i t t e r

iso -  N o o tk a to n e  
W o o d y

4 - e p i  - i s o n o o t k a to n e  
W o o dy

1 1 ,1 2 -D ih y d ro n o o tk a to n e  
f l o r a l - w o o d y

Figure 16.

T  e t ra  h ydro  n o o tk a to n e  
f l o r a l - w o o d y

T r i c y c lo v e t i v e n o l  (K h us im o l) B ic y c lo v e t iv e n o l
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q u a l i t y ,  v e t i v e r  o i l s  c o n t a i n  4 5 - 6 5 %  f r e e  s e s q u i t e r p e n e  a l c o h o l s  b ic y c lo -  

a n d  t r i c y c l o v e t i v e n o ls .  T h e  c o m m e r c i a l  p r o d u c t  is  a  m i x t u r e  o f  t h e s e  tw o  

v e t i v e n o ls  a n d  h a s  a  w a r m ,  s w e e t ,  m i l d l y  e a r t h y - b a l s a m i c  a n d  e x t r e m e ly  

t e n a c i o u s  o d o u r .  T h e s e  a l c o h o l s  b l e n d  w e l l  w i th  i o n o n e s ,  s t y r a x ,  s a n d a lw o o d  

a n d  v a r i o u s  m a t e r i a l s  f o r  o r i e n t a l  a n d  w o o d y  b a s e s  o r  p e r f u m e s  (1 3 ) .  T h e  

c o r r e s p o n d i n g  a ld e h y d e s  a r e  k n o w n  t o  h a v e  a n  o l i b a n u m  ty p e  o d o u r .  T h e  

m ix e d  a c e t a t e s  o b t a i n e d  b y  t h e  a c e t y l a t i o n  o f  t h e  a b o v e  a l c o h o l s  o r  b y  

i s o l a t i o n  f r o m  e s s e n t ia l  o i l  a r e  s o l d  u n d e r  s e v e r a l  t r a d e  n a m e s .  T h e  s w e e t -  

d r y ,  f r e s h - w o o d y  o d o u r  w i th  e x c e l l e n t  t e n a c i t y  a l l o w s  i ts  u s e  i n  a l l  t y p e s  o f  

p e r f u m e s  (1 3 ) .

L o n g i f o l e n e ,  a  h y d r o c a r b o n  b e lo n g i n g  t o  t h e  l o n g i f o l a n e  g r o u p ,  is  o n e  

o f  t h e  f e w  s e s q u i t e r p e n e s  c o m m e r c i a l l y  a v a i l a b l e  i n  q u a n t i t y .  M u c h  i n t e r e s t  

h a s  b e e n  s h o w n  b y  t h e  i n d u s t r y  i n  t h e  n e w  m a t e r i a l s  t h a t  c h e m i c a l  i n 

v e s t i g a t io n  i n t o  l o n g i f o l e n e  c h e m i s t r y  h a s  p r e s e n t e d  t o  t h e  p e r f u m e r .

L o n g i f o l e n e  w a s  f i r s t  i s o l a t e d  b y  S i m o n s e n  (5 9 )  f r o m  F in n s  lo n g ifo lia  
a n d  t h e  s e a r c h  f o r  c o m m e r c i a l  u s e s  f o r  t h e  h y d r o c a r b o n  e x t e n d s  b a c k  5 0  

y e a r s .  T h e  s t r u c t u r e  w a s  e s t a b l i s h e d  b y  M o f f e t t  ( 6 0 )  a n d  O u r i s s o n  ( 6 1 )  a n d  

c o m m e r c i a l  e x p l o i t a t i o n  h a s  f o l lo w e d  t h i s  b r e a k t h r o u g h .  T h e  s t r u c t u r e  o f  

l o n g i f o l e n e  h a s  b e e n  c o n f i r m e d  b y  a  t o t a l  s y n th e s i s  (6 2 )  b u t  s u c h  s y n th e s e s  

a r e  o f  a c a d e m i c  i n t e r e s t  o n ly .

T w o  s im p le  l o n g i f o l e n e  d e r iv a t i v e s  a r e  o n  t h e  p e r f u m e r ’s s h e l f  a t  t h e  

m o m e n t :  a c e ty l  l o n g i f o l e n e  a n d  h y d r o x y m e t h y l  l o n g i f o l e n e .  A c e t y l  l o n g i 

f o l e n e  ( 6 3 )  is  p r e p a r e d  b y  t h e  F r i e d e l - C r a f t s  r e a c t i o n  a n d  h a s  a  w o o d y -  

m u s k y  a m b e r g r i s  o d o u r  r e m i n i s c e n t  o f  a c e ty l  c e d r e n e .

L o n g i fo le n e A c e ty l  long i fo lene

Figure 18.

T h e  P r i n s  r e a c t i o n  h a s  b e e n  o f  u s e  i n  t h e  p r o d u c t i o n  o f  p e r f u m e r y  

c h e m i c a l s  f r o m  m o n o t e r p e n e s  ( N o p o l , P a tc h e n o l)  a n d  a p p l i c a t i o n  o f  t h i s  

r e a c t i o n  t o  l o n g i f o l e n e  p r o d u c e s  c o - h y d r o x y m e th y l  l o n g i f o l e n e  (6 4 , 6 5 ) .  T h i s  

a l c o h o l  is  o f  u s e  i n  p e r f u m e r y .

T h e  s im p le  m e t h o d s  o f  l o n g i f o l e n e  o x i d a t i o n  y ie ld  c o m p l e x  m ix t u r e s  

w i t h  s e s q u i t e r p e n e  a c i d s  p r e d o m i n a t i n g  (6 6 ) .  D i r e c t  o x i d a t i o n  o f  l o n g i f o l e n e  

h a s  n o t  b e e n  o f  g r e a t  c o m m e r c i a l  i n t e r e s t .  F o r m y l a t i o n  r e a c t i o n s  h a v e  b e e n
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( I ) HCHO 
A c O H

( 2 ) N a O H
>

L o n g i fo le n e w —H ydro xym e th y l  lon g i fo lene

Figure 19.

o f  r e c e n t  i n t e r e s t  i n  t h e  p r o d u c t i o n  o f  n e w  m o n o t e r p e n e  p e r f u m e r y  c h e m i 

c a l s  ( 6 7 - 6 9 ) ,  e .g .  d i h y d r o m y r c e n e  c y c l ic  e s t e r s .  A p p l i c a t i o n  o f  t h e s e  r e a c t i o n  

c o n d i t i o n s  t o  l o n g i f o l e n e  p r o d u c e s  l o n g i b o r n a n - 9 - o l  f o r m e d  b y  r e a r r a n g e 

m e n t  a n d  t r a n s a n n u l a r  h y d r i d e  s h i f t  (7 0 ) .  A  r e c e n t  p a t e n t  c la im s  t h i s  f o r m a t e  

t o  b e  o f  v a lu e  i n  p e r f u m e r y  (7 1 ) .

L o n g i fo le n e  I s o lo n g i  fo lene

Figure 20.

E a r l y  a t t e m p t s  a t  l o n g i f o l e n e  a c é t o x y l a t i o n  d i d  n o t  g iv e  g o o d  y i e ld s  o f  

a c e t a t e s  b u t  a n  i s o m e r  o f  l o n g i f o l e n e  w a s  p r o d u c e d  c a l l e d  i s o l o n g i f o l e n e

( 7 2 )  . T h e  s t r u c t u r e  o f  i s o l o n g i f o l e n e  w a s  e s t a b l i s h e d  b y  R a n g a n a t h a n  e t  a l.
(7 3 )  w h o  l a t e r  c o m p l e t e d  a  t o t a l  s y n th e s i s  o f  t h e  h y d r o c a r b o n  (7 4 ) .  

I s o l o n g i f o l e n e  h a s  p r o v e d  t o  b e  o f  m o r e  c o m m e r c i a l  i n t e r e s t  t h a n  l o n g i f o l e n e  

a s  s im p le  m e t h o d s  o f  o x i d a t i o n  y i e ld  n o n - a c i d i c  p r o d u c t s .

I f  l o n g i f o l e n e  o r  i s o l o n g i f o l e n e  a r e  t r e a t e d  w i th  z in c  c h lo r i d e  a t  h ig h  

t e m p e r a t u r e s  t h e n  l , l - d i m e t h y l - 7 - i s o p r o p y l t e t r a l i n  is  f o r m e d  (7 5 ) .  A c e t y l a 

t i o n  o f  t h i s  t e t r a l i n  g iv e s  t h e  m e t h y l  k e t o n e s ;  t h e s e  a r e  s a id  t o  h a v e  a  f in e  

a l t h o u g h  w e a k  m u s k  o d o u r .  T h e  a ld e h y d e s  h a v e  a  s t r o n g e r  m u s k  o d o u r  b u t  

t h e  p r o p i o n y l  c o m p o u n d  is  o d o u r l e s s  (7 5 ) .

E p o x i d a t i o n  o f  i s o l o n g i f o l e n e  w i th  p e r a c id s  y ie ld s  t h e  a - e p o x i d e  (7 6 ) .  

T h i s  e p o x id e  is  o f  l i t t l e  p e r f u m e r y  i n t e r e s t  b u t  r e a r r a n g e m e n t  o f  t h e  e p o x id e  

p r o d u c e s  t h e  s a t u r a t e d  k e t o n e  8 - o x o - 7 - P - H - i s o lo n g i f o l a n e  w h ic h  h a s  a  

d e s i r a b l e  w o o d y  o d o u r  a n d  h a s  f o u n d  u s e  i n  p e r f u m e r y .  E p i m e r i z a t i o n  o f
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Longifolene Iso lo n g i fo le n e

t h i s  k e t o n e  to  t h e  7 ( a ) H  d e r iv a t i v e  is  s im p le  a n d  t h i s  k e t o n e  is  a l s o  o f  

p e r f u m e r y  u s e  a s  i t  p o s s e s s e s  a  s w e e t - w o o d y  o d o u r .

T h e  r e a r r a n g e m e n t  o f  i s o l o n g i f o l e n e  e p o x id e  h a s  b e e n  r e p o r t e d  ( 7 7 - 7 9 )  

t o  y ie ld  t w o  P, y - u n s a t u r a t e d  a l c o h o l s .  N o  p a t e n t s  h a v e  b e e n  p u b l i s h e d  o n  

t h e  r e a r r a n g e m e n t  o f  t h e  e p o x i d e ;  u n d e r  m o s t  r e a c t i o n  c o n d i t i o n s  t h e s e  

a l c o h o l s  a r e  f o r m e d  in  le s s  t h a n  5 0 %  y ie ld ,  t h e  m a i n  p r o d u c t  is  8 - o x o - 7 - P -  

H - i s o l o n g i f o l a n e  (F ig . 2 2 ).

iso Longi folene — a — epoxide 8 — o xo — 7 — p — H— isolongifolane

Figure 22.

T h e  s t e r o c h e m i s t r y  o f  i s o l o n g i f o l e n e  is  a  s u b j e c t  o f  a c a d e m i c  d i s c u s s i o n  

( 7 6 - 7 9 )  a n d  i t  is  s t i l l  n o t  k n o w n  b e y o n d  a l l  d o u b t  i f  t h e  e p o x id e  is ,  in  f a c t ,  

a -  o r  p . I n  t h e  a u t h o r ’s o p i n i o n ,  t h e  « - s t r u c t u r e  is  t h e  m o r e  p r o b a b l e  (8 0 ) .

S o d i u m  d i c h r o m a t e  o x i d a t i o n  o f  i s o l o n g i f o l e n e  y ie ld s  a  c o m p l e x  m ix t u r e  

o f  k e t o n e s  w i th  a  w o o d y ,  v e t iv e r  t y p e  o f  o d o u r .  T h i s  m ix t u r e  h a s  f o u n d  u s e  

in  p e r f u m e r y  (8 1 ) .

A l ly l i c  o x i d a t i o n  o f  i s o l o n g i f o l e n e  w i th  t e r t i a r y  b u t y l  p e r a c e t a t e  g iv e s  a  

m i x t u r e  o f  9 a -  a n d  P - a c e t o x y - i s o lo n g i f o l e n e .  T h i s  h a s  a  w o o d y ,  v e r t i v e r y l  

a c e t a t e  o d o u r  a n d  h a s  f o u n d  u s e  in  p e r f u m e r y  (8 2 )  (F ig . 2 3 ).

Isolongifolene 9  A cefoxy-isolongifolene

Figure 23.
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T h e  r a p i d  c o m m e r c i a l  e x p l o i t a t i o n  o f  l o n g i f o l e n e  in  t h e  l a s t  f e w  y e a r s  

i l l u s t r a t e s  t h e  i n t e r e s t  s h o w n  b y  p e r f u m e r s  i n  n e w  s e s q u i t e r p e n e  p r o d u c t s .  

W i t h  t h e  c o n s i d e r a b l e  a c a d e m i c  a n d  c o m m e r c i a l  i n t e r e s t  b e in g  s h o w n  in  

t h i s  h y d r o c a r b o n ,  f u r t h e r  d e v e l o p m e n t s  o f  i n t e r e s t  t o  p e r f u m e r s  m a y  w e ll  

b e  e x p e c te d .

S a n d a lw o o d  o il  is  m u c h  u s e d  in  p e r f u m e r y  a n d  h a s  a  l a r g e  p r o d u c t i o n ;  

i t s  o d o u r  is  t o o  w e l l  k n o w n  t o  b e  d e s c r i b e d  in  t h i s  p a p e r .  T h e  m a i n  c o n 

s t i t u e n t s  o f  t h e  o i l  a r e  k n o w n  ( 8 3 ) ;  a - s a n t a l e n e  h a d  a  s w e e t - w o o d y  o d o u r  o f  

e x c e l l e n t  t e n a c i t y ;  P - s a n t a le n e  h a s  a  s i m i l a r  o d o u r  b u t  is  s a id  t o  b e  le s s  

s w e e t  t h a n  t h e  a - i s o m e r .  a - S a n t a l o l  is  c o n s i d e r e d  t o  h a v e  t h e  r e f in e d  s w e e t -  

w o o d y ,  t e n a c i o u s  s a n d a l w o o d  o d o u r .  I m p u r e  a - s a n t a l o l  i s o l a t e d  b y  d i s t i l 

l a t i o n  f r o m  s a n d a l w o o d  o i l  is  t h e  s a n t a l o l  o f  c o m m e r c e .  P - S a n t a lo l  is  s a id  

t o  h a v e  a  s i m i l a r  o d o u r  b u t  i t  o c c u r s  t o  a  s m a l l e r  e x t e n t  i n  s a n d a l w o o d  o il  

a n d  s a m p le s  m a y  h a v e  b e e n  c o n t a m i n a t e d  w i th  t h e  a - i s o m e r .  P e r f u m e r y  

o p i n i o n  is  t h a t  t h e  a - i s o m e r  is  t h e  p r e f e r r e d  i s o m e r  (F ig . 24 ).

Figure 24.

T h e  s a n t a l y l  s t r u c t u r e  is  r e l a t e d  t o  t h e  s t r u c t u r e  o f  l o n g i f o l e n e ;  i f  i t  

w e r e  p o s s ib l e  t o  o p e n  t h e  s e v e n - m e m b e r e d  r i n g  o f  l o n g i f o l e n e  o n e  w o u l d  

h a v e  a  s a n t a l e n e  s t r u c t u r e .  T h e  s t e r o c h e m i s t r y  is  s u c h  t h a t  t h e  o p p o s i t e  

o p t i c a l  i s o m e r  t o  t h e  n a t u r a l  s a n t a l e n e  w o u ld  b e  p r o d u c e d  (F ig . 25 ).
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Figure 25.

S a n d a l w o o d  is  a  m o d e r a t e l y  e x p e n s iv e  e s s e n t ia l  o i l  a n d  i t s  t y p i c a l  

b o u q u e t  c o n t i n u e s  t o  b e  f a v o u r e d  b y  t h e  p e r f u m e r y  i n d u s t r y .  T h e  s e a r c h  f o r  

s a n d a l w o o d  o d o u r s  h a v e  t h e r e f o r e  b e e n  i n t e n s e .  A  n u m b e r  o f  c h e m i c a l s  

w i t h  a  s a n d a l w o o d  o d o u r  h a v e  b e e n  m a d e .  T h e  s o - c a l l e d  t e r p e n o - p h e n o l s  

m a n u f a c t u r e d  b y  t h e  c o n d e n s a t i o n  o f  p h e n o l s  w i t h  c a m p h e n e  f o l lo w e d  b y  

h y d r o g e n a t i o n  ( 8 4 )  h a v e  f o u n d  a p p l i c a t i o n  i n  a  n u m b e r  o f  s a n d a l w o o d  

b a s e s .  T h e s e  h a v e  f o u n d  a  u s e  i n  t h e  i n d u s t r y  b u t  h a v e  n o t  d e p r e s s e d  t h e  

d e m a n d  f o r  t h e  n a t u r a l  o i l .

T h e  l a s t  a d d i t i o n  t o  t h e  s a n d a l w o o d  o d o u r s  i s  O s y r o l  ( a n d  i t s  h o m o lo g s ) ,  

a n d  a l t h o u g h  t h i s  m o n o t e r p e n e  is  n o t  a  d i r e c t  r e p l a c e m e n t  f o r  a - s a n t a l o l ,  

t h i s  s p e c ia l i t y  h a s  a  f in e  s a n d a l w o o d  o d o u r  a n d  w i t h  i t s  g o o d  p e r f o r m a n c e  

in  t h e  m id d l e  n o t e s  i t  w i l l  b e  o f  w id e  i n t e r e s t  i n  t h e  f o r m u l a t i o n  o f  p e r f u m e  

c o m p o u n d s  w h e r e  t h e  s a n d a l w o o d  c h a r a c t e r  is  d e s i r e d  (8 5 )  (F ig . 2 6 ).

Figure 26.

T h e  c o m m e r c i a l  s y n th e s i s  o f  s e s q u i t e r p e n e s  h a s  y e t  t o  b e  a c h i e v e d  b u t  

m u c h  p r o g r e s s  h a s  b e e n  m a d e  in  t h e  a c a d e m i c  s y n th e s i s  o f  t h e s e  c o m p o u n d s .  

S t a r t i n g  f r o m  a - b r o m o c a m p h o r  F r e n c h  w o r k e r s  w e r e  a b l e  t o  s y n th e s i z e  

a -  a n d  P - s a n t a lo l  i n  n i n e  s t e p s  (8 6 ) .  T h e  r e a c t i o n  s e q u e n c e  is  t o o  l o n g  f o r  

t h i s  s y n th e s i s  t o  b e  o f  c o m m e r c i a l  i n t e r e s t .

Figure 27.
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C a n a d i a n  w o r k e r s  h a v e  d e v i s e d  a  r o u t e  f o r  t h e  s y n th e s i s  o f  c a m p h e r e -  

n o n e .  T h i s  s e s q u i t e r p e n e  is  a  v a lu a b l e  i n t e r m e d i a t e  f o r  t h e  s y n th e s i s  o f  a  

n u m b e r  o f  s e s q u i t e r p e n e s  a n d  in  t w o  s t e p s  i t  m a y  b e  c o n v e r t e d  e i t h e r  t o  

a - s a n t a l e n e  o r  (3 - s a n ta le n e  ( 8 7 , 8 8 )  (F ig . 28 ).

a -  S a n ta le n s  

Figure 28.

T h i s  s y n th e s i s  m ig h t  h a v e  b e e n  o f  c o m m e r c i a l  v a lu e  b u t  a t  t h e  k e y  

c y c l i z a t i o n  s t a g e  t w o  c o m p o u n d s  a r e  p r o d u c e d ,  o n e  o f  w h ic h  g iv e s  s a n t a l e n e  

a n d  t h e  o t h e r  e p i - s a n t a l e n e .

A n  a l t e r n a t i v e  a p p r o a c h  w a s  e x a m i n e d  b y  A m e r i c a n  w o r k e r s  w h o  

s y n th e s i z e d  3 - m e t h y l - n o r c a m p h o r  f r o m  t h e  D i e l s - A l d e r  p r o d u c t  o f  m e t h y l  

c y c l o p e n t a d i e n e  a n d  e th y l e n e .  T h e  c o n s t r u c t i o n  a n d  a d d i t i o n  o f  t h e  s id e  

c h a i n  t o  t h e  c a m p h e n e  s t r u c t u r e  w a s  m o r e  c o m p l e x  a n d  a g a i n  t h i s  s y n th e s i s  

d o e s  n o t  o f f e r ,  a t  p r e s e n t ,  a n y  c o m m e r c i a l  p o s s ib i l i t y  (8 9 ) .

A  m o r e  d i r e c t  s y n th e s i s  h a s  b e e n  d e s c r i b e d .  T h e  k e y  s t e p  w a s  t h e  D i e l s -  

A l d e r  a d d i t i o n  o f  g e r a n i o l  t o  c y c l o p e n t a d i e n e ; l o w  y i e ld s  a t  t h i s  s t a g e  a p p e a r  

t o  h a v e  d i s c o u r a g e d  e x p l o i t a t i o n  o f  t h i s  p a t h  (9 0 ) .

T h e  l a c t o n i z a t i o n  o f  c a m p h e n e - 8 - c a r b o x y l i c  a c i d  h a s  b e e n  r e p o r t e d  t o  

y i e ld  a  l a c t o n e  w i t h  t h e  c o r r e c t  a r r a n g e m e n t  o f  f u n c t i o n a l  g r o u p s  t o  b e  a  

s a n t a l e n e  i n t e r m e d i a t e .  H e r e  a g a i n  t h e  k e y  s t e p  p r o d u c e s  n o t  o n l y  t h e  

d e s i r e d  s a n t a l e n e  s t r u c t u r e  b u t  a l s o  t h e  e p i - s a n t a l e n e  s t r u c t u r e  (9 1 ) .
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A s  a  r e s u l t  o f  t h e s e  s y n t h e t i c  s t u d i e s  t h e  o d o u r s  o f  a  n u m b e r  o f  s a n t a l o l  

d e r iv a t i v e s  h a v e  b e e n  r e p o r t e d  (8 9 ) .  D i h y d r o - P - s a n t a l o l  i s  s a i d  t o  h a v e  a  

s a n d a l w o o d  o d o u r  b u t  t h e  a - i s o m e r  is  s a i d  t o  b e  m u c h  w e a k e r .  T e t r a h y d r o -  

P - s a n t a lo l  h a s  n o  s a n d a l w o o d  c h a r a c t e r  a n d  h a s  a n  u n i n t e r e s t i n g  w e a k  

w o o d y  o d o u r .  T h e r e  is  n o  d o u b t  t h a t  t h e  i n d u s t r y  w o u l d  f in d  a  s y n t h e t i c  

s a n t a l o l  a  m o s t  w e lc o m e  a d d i t i o n  t o  t h e  p e r f u m e r s  s h e l f .  I t  is  n o t  p o s s ib l e  

t o  s a y  h o w  l o n g  i t  w i l l  b e  b e f o r e  i t  a r r i v e s  t h e r e .

C e d a r w o o d  o i l  is  o n e  o f  t h e  e s s e n t ia l  o i l s  w h o s e  p r o d u c t i o n  e x c e e d s  

1 0 0  t o n s / y e a r .  T h e  o i l  is  n o t  o n ly  o f  d i r e c t  u s e  in  p e r f u m e r y ;  a  n u m b e r  o f  

d e r iv a t i v e s  f r o m  t h e  o i l  h a v e  a l s o  f o u n d  a  w id e  u s e .  A l t h o u g h  s o m e  o f  t h e s e  

d e r iv a t i v e s  h a v e  b e e n  g iv e n  n a m e s  i n  t h e  t e c h n i c a l  p r e s s  w h ic h  w o u l d  

s u g g e s t  t h a t  t h e y  a r e  d e f in i t e  c h e m i c a l  e n t i t i e s ,  m a n y  o f  t h e m  a r e  m ix t u r e s  

( e .g .  c e d r e n o l )  i s o l a t e d  f r o m  t h e  o i l  o r  t h e  p r o d u c t s  o f  r e a c t i o n s  o n  s u c h  

m i x t u r e s  (e .g .  a c e ty l  c e d r e n e ) .

T h u j o p s e n e  a n d  c e d r e n e  a r e  t h e  t w o  m a i n  s e s q u i t e r p e n e  h y d r o c a r b o n s  

f o u n d  in  t h e  o i l ;  P - c e d r e n e ,  P - c h a m i g r e n e ,  w i d d r e n e ,  i s o w i d d r e n e ,  a -  

c h a m i g r e n e ,  c u p r e n e s  a n d  c u p a r e n e  h a v e  b e e n  f o u n d  in  s m a l l e r  q u a n t i t i e s  

( 9 2 )  (F ig . 2 9 ).
C e d r o l  is  t h e  m a i n  a l c o h o l  c o n s t i t u e n t  o f  t h e  o i l ;  p s u e d o  c e d r o l ,  p r i m a r y  

c e d r o l  a n d  w i d d e r o l  a r e  a l s o  f o u n d  i n  t h e  c e d a r w o o d  o i l  ( 9 2 )  (F ig . 3 0 ) .

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

CH2OH

OH

Primary cedrol Widderol

Figure 30.

D i s t i l l a t i o n  y i e ld s  t w o  m a i n  f r a c t i o n s ,  t h e  h y d r o c a r b o n  f r a c t i o n  is  t h e  

s o - c a l l e d  ‘C e d r e n e ’ o f  c o m m e r c e ,  i m p u r e  c e d r o l  is  o b t a i n e d  a s  t h e  a l c o h o l  

c u t .  P u r e  c e d r o l  c a n  b e  o b t a i n e d  b y  r e c r y s t a l l i z a t i o n  o f  t h e  a l c o h o l  f r a c t i o n s  

a n d  is  u s e d  i n  p e r f u m e r y .  C e d r e n o l  i s  a  m i x t u r e  o f  c e d r o l  a n d  i t s  i s o m e r s ,  

w i d d r o l  a n d  s o m e  k e t o n i c  c o m p o u n d s .  A c e t y l a t i o n  o f  t h i s  m i x t u r e  y ie ld s  

c e d r e n y l  a c e t a t e .  C e d r y l  a c e t a t e  is  a l s o  m a d e  b y  e s t e r i f i c a t i o n  o f  t h e  a l c o h o l  

a n d  a  n u m b e r  o f  q u a l i t i e s  a r e  s o l d ;  t h e y  r a n g e  f r o m  t h e  p u r e  r e c r y s t a l l i z e d  

a c e t a t e  t o  a c e t a t e  m i x t u r e s  c o n t a i n i n g  a l m o s t  5 0 %  h y d r o c a r b o n s .

E p o x y - c e d r e n e  h a s  b e e n  m a n u f a c t u r e d  b y  e p o x i d a t i o n  o f  c e d r e n e - r i c h  

h y d r o c a r b o n  f r a c t i o n s  f o l l o w e d  b y  r e c r y s t a l l i z a t i o n  (F ig . 3 1 ).
O n e  o f  t h e  m o s t  i n t e r e s t i n g  c e d a r w o o d  d e r iv a t i v e s  is  t h e  c o m p l e x  

m i x t u r e  o f  k e t o n e s  k n o w n  a s  ‘a c e ty l  c e d r e n e ’ o b t a i n e d  b y  a c e t y l a t i o n  o f  t h e  

h y d r o c a r b o n  f r a c t i o n .  T h i s  h a s  a  w o o d y ,  w a r m - a m b e r g r i s  a n d  m u s k y  o d o u r  

( 9 4 ) ,  a n d  is  s o l d  u n d e r  a  n u m b e r  o f  t r a d e  n a m e s .  A  n u m b e r  o f  i n v e s t i g a t i o n s  

h a v e  b e e n  m a d e  t o  f in d  t h e  o d o u r  c o n s t i t u e n t s  o f  t h e  m ix t u r e .  T h e  h y d r o 

c a r b o n  c u t  u s e d  in  t h e  m a n u f a c t u r e  h a s  t w o  m a i n  c o m p o n e n t s ,  c e d r e n e  a n d  

t h u jo p s e n e .  T h e  a c e t y l a t i o n  p r o d u c t  o f  t h e  p u r i f i e d  c e d r e n e  is  s a i d  t o  h a v e  

l i t t l e  o d o u r .

T h e  r e a c t i o n  o f  t h u j o p s e n e  u n d e r  t h e s e  c o n d i t i o n s  is  m u c h  m o r e  

c o m p l e x .  W i t h  a c i d  c a t a l y s t s  t h u j o p s e n e  i s o m e r i z e s  i n t o  a  l a r g e  n u m b e r  o f  

h y d r o c a r b o n s  a n d  i t  is  t h o u g h t  t h a t  t h i s  i s o m e r i z a t i o n  p r e c e d e s  t h e  a c e t y 

l a t i o n  s t e p  i n  t h e  p r o d u c t i o n  o f  a c e ty l  c e d r e n e .

A t  l e a s t  s e v e n  C 17H 2eO  k e t o n e s  h a v e  b e e n  o b s e r v e d  i n  t h e  a c e t y l a t i o n  

m i x t u r e  b u t  t h e  s t r u c t u r e s  o f  o n l y  t w o  a r e  k n o w n  a n d  t h e s e  a c c o u n t  f o r
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Figure 31. Perfum ery m aterials from  cedarw ood oil (93).

A cetic
Anhydride

--------------y
Catalyst

Figure 32.

s o m e  6 0 %  o f  t h e  r e a c t i o n  p r o d u c t .  T h e  m a j o r  k e t o n e  is  t h o u g h t  t o  b e  t h e  

a c t i v e  o d o u r  c o n s t i t u e n t  o f  a c e ty l  c e d r e n e .  I t  i s  s a i d  t o  h a v e  a  p o w e r f u l  

w o o d y ,  m u s k - a m b e r g r i s  o d o u r  f a r  g r e a t e r  in  i n t e n s i t y  t h a n  a n y  o f  t h e  o t h e r  

i s o m e r s .  T h i s  a c e ty l  t h u j o p s e n e  i s o m e r  h a s  a n  i n t e r e s t i n g  o d o u r - s t r u c t u r e  

r e l a t i o n s h i p  s in c e ,  a l t h o u g h  i t  h a s  a  s t r o n g  m u s k  o d o u r ,  i t  h a s  n o  a r o m a t i c  

r i n g  a s  h a v e  m o s t  o t h e r  t r i c y c l i c  m u s k s  p o s s e s s i n g  a n  a c e ty l  g r o u p .

P a t c h o u l i  o i l  h a s  w id e  a p p l i c a t i o n  in  t h e  p e r f u m e r y  i n d u s t r y  a n d  m o r e  

e x te n s iv e  u s e  w o u l d  b e  m a d e  o f  t h i s  e s s e n t i a l  o i l  i f  i t  w e r e  in  g r e a t e r  s u p p l y .  

M u c h  e f f o r t  h a s  b e e n  d e v o t e d  t o  t h e  a n a l y s i s  o f  t h e  o i l  a n d  a  n u m b e r  o f  

c o n s t i t u e n t s  h a v e  b e e n  i d e n t i f i e d .  N o  s in g le  c o m p o u n d  h a s  t h e  t o t a l  

p a t c h o u l i  o d o u r  a n d  a n y  e f f o r t  t o  f o r m u l a t e  a  r e c o n s t r u c t e d  p a t c h o u l i  o i l  

w i l l  r e q u i r e  t h e  s y n th e s i s  o f  a  n u m b e r  o f  s e s q u i t e r p e n e  a l c o h o l s ,  k e t o n e s  a n d  

h y d r o c a r b o n s .

T h e  m a i n  a l c o h o l  c o n s t i t u e n t  o f  p a t c h o u l i  o i l  is  p a t c h o u l i  a l c o h o l .  A  

s y n t h e s i s  o f  t h i s  a l c o h o l  f r o m  h o m o c a m p h o r  h a s  b e e n  r e p o r t e d  (1 0 1 )  b u t
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Figure 33. Products o f acid isom erization of thujopsene (95).

Figure 34. The acetylation of thujopsene (96, 97).
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Figure 35. Some constituents o f patchouli oil.

t h e  s y n t h e s i s  i n v o lv e s  a  l a r g e  n u m b e r  o f  s t e p s .  ( 3 - P a tc h o u le n e  is  f i r s t  s y n 

t h e s i z e d  a n d  t h e n  c o n v e r t e d  t o  t h e  a - p a t c h o u l e n e  s t r u c t u r e  a n d  h e n c e  

p a t c h o u l i  a l c o h o l .  N o  c o m m e r c i a l  s y n t h e s i s  o f  t h i s  a l c o h o l  a p p e a r s  p o s s ib l e  

a t  t h e  p r e s e n t .

P a t c h o u l i  o i l  is  i n t e r e s t i n g  a s  i t  is  o n e  o f  t h e  f e w  o i l s  o b t a i n e d  b y  s t e a m  

d i s t i l l a t i o n  a n d  is  f o u n d  t o  c o n t a i n  s e s q u i t e r p e n e  a l k a l o i d s  ( 1 0 2 ) .  T h e s e  

a l k a l o i d s  a r e  f o r m e d  f r o m  t h e  s e s q u i t e r p e n e  s t r u c t u r e s  o f  t w o  h y d r o c a r b o n s  

f o u n d  i n  p a t c h o u l i  o i l ,  p - p a t c h o u l e n e  a n d  a - g a u i e n e ;  t h u s  t h e y  h a v e  b e e n  

c a l l e d  p a t c h o u l i p y r i d i n e  a n d  e p ig u a i p y r i d i n e .  T h e  s t r u c t u r e s  o f  t h e s e  

p r o d u c t s ,  p r e s e n t  i n  t h e  o i l  t o  t h e  e x t e n t  o f  0 T %  w e r e  d e t e r m i n e d  b y  

p h y s i c a l  o r g a n ic  t e c h n i q u e s  (1 0 2 )  a n d  c o n f i r m e d  b y  t h e  s y n th e s i s  o f  p a t 

c h o u l i p y r i d i n e  a n d  d i h y d r o - e p i g u a i p y r i d i n e .  P a t c h o u l i p y r i d i n e  w a s  s y n 

t h e s i z e d  f r o m  P - p a t c h o u l e n e  b y  t h e  a c t i o n  o f  h y d r a z o i c  a c i d  a n d  d e h y d r o 

g e n a t i o n  o f  t h e  r e s u l t i n g  p r o d u c t .  D i h y d r o - a - g u a i e n e  w a s  s y n th e s i z e d  (1 0 2 )  

f r o m  g u a i o l  a n d  s u b j e c t e d  t o  t h e  s a m e  r e a c t i o n  s t e p s  t o  y i e ld  d i h y d r o -  

e p ig u a i p y r i d i n e .

N o  o d o u r  d e s c r i p t i o n s  h a v e  b e e n  g iv e n  f o r  t h e s e  t w o  a lk a l o id s .  A n  

a l t e r n a t i v e  s y n th e s i s  (1 0 3 )  o f  p a t c h o u l i p y r i d i n e  h a s  b e e n  d e v e l o p e d  b y
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Figure 36

F r e n c h  w o r k e r s  w h o  s t a r t e d  f r o m  h o m o c a m p h o r .  T h i s  w a s  c o n v e r t e d  i n  a  

n u m b e r  o f  s t e p s  t o  a  d i k e t o n e  w h ic h  w a s  t h e n  t r a n s f e r r e d  i n t o  t h e  p y r i d in e .

S o m e  o f  t h e  h y d r o c a r b o n s  f o u n d  in  g u a i a c w o o d  o i l  h a v e  a ls o  b e e n  f o u n d  

in  p a t c h o u l i  o i l  (1 0 4 ) .  T h e  m a i n  c o n s t i t u e n t s  o f  g u a i a c w o o d  o i l  a r e  t h e  tw o  

s e s q u i t e r p e n e  a l c o h o l s  g u i a o l  a n d  b u l n e s o l .  T r e a t m e n t  o f  t h e s e  a lc o h o l s  

w i th  a  s m a l l  q u a n t i t y  (0 -0 1  m )  o f  s u l p h u r i c  a c id  p r o d u c e s  a  n u m b e r  o f  t h e  

h y d r o c a r b o n s  f o u n d  in  p a t c h o u l i  o i l .  T h e s e  a r e  o b t a i n e d  a s  a  m i x t u r e  a n d  

i s o l a t i o n  o f  t h e  d e s i r e d  h y d r o c a r b o n s  is  d i f f ic u l t  ( s e e  F ig . 3 7 ) .
A  t o t a l  s y n th e s i s  (1 0 5 )  o f  g u a io l  h a s  b e e n  r e p o r t e d  b u t  a s  g u a i a c w o o d  o i l  

is  o n e  o f  t h e  c h e a p e r  s e s q u i t e r p e n e  c o n t a i n i n g  e s s e n t ia l  o i ls ,  t h i s  w o r k  

a p p e a r s  t o  b e  o f  a c a d e m i c  i n t e r e s t  o n ly .

T r e a t m e n t  o f  g u a io l  w i t h  s u l p h u r i c  a c id ,  p a r a - t o l u e n e s u l p h o n i c  a c id  o r  

i o d in e  y ie ld s  a  c y c l ic  e t h e r  g u a io x i d e  (F ig . 3 8 ). T h i s  e t h e r  h a s  b e e n  c la i m e d
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Figure 37. H ydrocarbons from  guaiol and bulnesol. (104).
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t o  b e  o f  v a lu e  i n  p e r f u m e r y  (1 0 6 ) .  I t  h a s  a  d i s t in c t iv e  o d o u r  o f  t h e  w a r m  

v e t iv e r  t y p e  w i t h  a  w a r m  d r y  s p ic y  n o t e  w h ic h  is  r e m i n i s c e n t  o f  b l a c k  p e p p e r

o i l .  T h e  c y c l ic  e t h e r  h a s  a l s o  b e e n  r e p o r t e d  i n  g u a i a c w o o d  o i l .  A  c y c l ic  e t h e r  

h a s  b e e n  i s o l a t e d  f r o m  s a n d a l w o o d  o i l  (1 0 7 ) ,  a n d  i t  is  p o s s ib l e  t h a t  s e s q u i t e r 

p e n e  e th e r s  w i l l  b e  f o u n d  t o  b e  o f  s o m e  c o n s i d e r a b l e  v a lu e  in  p e r f u m e r y .

Guaioxide

Figure 38

I n  c o n c l u s i o n  i t  c a n  b e  s a i d  t h a t  s e s q u i t e r p e n e s  o f f e r  a  g r e a t  c h a l l e n g e  

t o  t h e  O r g a n i c  C h e m i s t  b e c a u s e  o f  t h e i r  s t r u c t u r a l  c o m p le x i ty .  T h e y  a r e  o f  

c r u c i a l  i m p o r t a n c e  t o  t h e  p e r f u m e r y  i n d u s t r y  a s  t h e y  o c c u r  w id e ly  in  e s s e n t ia l  

o i l s  a n d  i n d iv i d u a l  c h e m i c a l s  o f f e r  a  w id e  s p e c t r u m  o f  i n t e r e s t i n g  o d o u r  

t y p e s .  T h e r e f o r e ,  a n y  a d v a n c e m e n t  i n  t h e  d i f f ic u l t  p r o b l e m s  o f  s k e l e t a l  

c o n s t r u c t i o n  a n d  s t e r e o c h e m i c a l  c o n t r o l  n e c e s s a r y  f o r  s u c h  s y n th e s e s  w o u l d  

h a v e  a  s ig n i f i c a n t  i m p a c t  o n  t h e  f u t u r e  o f  t h e  i n d u s t r y .  U n d o u b t e d l y  d u r i n g  

t h e  r e c e n t  y e a r s  m a n y  n e w  a n d  e l e g a n t  m e t h o d s  o f  s y n th e s i s  h a v e  b e e n  

i n t r o d u c e d  b u t  u n f o r t u n a t e l y  t h e  m a j o r i t y  a r e  o f  a c a d e m i c  i n t e r e s t  o n l y .  

H o w e v e r ,  o n e  h o p e s  t h a t ,  i n  a d d i t i o n  t o  t h i s  p r o g r e s s ,  a  b e t t e r  u n d e r s t a n d i n g  

o f  e n z y m a t i c  r e a c t i o n s  c o u p l e d  w i t h  t h e i r  c o m m e r c i a l  e x p l o i t a t i o n  m a y  

p r o v i d e  a n  a n s w e r  t o  s o m e  o f  t h e  p r o b l e m s .

( R e c e iv e d :  13 tli F e b ru a ry  1 9 7 3 )
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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,
56 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 ‘flip’ 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(II) 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.

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 C12/C18 acids. 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 a journal of mathematical physics or 
spectroscopy G. F. PHILLIPS
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V I I I  I.F .S .C .C . 

In te rn a t io n a l Congress 

G rosvenor H ouse H o te l, L o n d o n

A u g u s t 2 6 —3 0 th  1 9 7 4

C O S M E T IC S —Q U A L IT Y  A N D  S A F E T Y

T E N T A T I V E  P R O G R A M M E

T h e  p r o v i s i o n a l  l i s t i n g  o f  p a p e r s  w h i c h  h a v e  b e e n  a c c e p t e d  f o r  t h e

I .F .S .C .C .  V I I I  I n t e r n a t i o n a l  C o n g r e s s  a n d  t h e  a r r a n g e m e n t s  f o r  t h e  

S c ie n t i f ic  s e s s io n s  a r e  a s  f o l lo w s .

F o r  t h e  t h r e e  d a y s  o f  t h e  S c ie n t i f ic  s e s s io n s ,  t h e  m o r n i n g  s e s s io n s  w i l l  

b e  f r o m  0 9 1 5  t o  a p p r o x i m a t e l y  1 2 0 0  w i t h  a  b r e a k  f o r  c o f fe e  a n d  a f t e r n o o n  

s e s s io n s  w il l  b e  f r o m  1 4 1 5  t o  1 7 0 0  w i th  a  b r e a k  f o r  t e a .

P r e p r i n t s  o f  t h e  l e c t u r e s  w i l l  b e  a v a i l a b l e  a t  t h e  t im e  o f  r e g i s t r a t i o n  f r o m  

S u n d a y ,  2 5  A u g u s t  o n w a r d s .  A l l  l e c t u r e s  w i l l  b e  s i m u l t a n e o u s l y  t r a n s l a t e d  

i n t o  E n g l i s h ,  F r e n c h ,  G e r m a n ,  S p a n i s h  a n d  J a p a n e s e .  T h e  p r e s e n t e r s  o f  

p a p e r s  w i l l  b e  a l l o w e d  15 m in u t e s  f o r  t h e i r  p r e s e n t a t i o n  a n d  t h e r e  w i l l  b e  

a p p r o x i m a t e l y  15 m i n u t e s  f o r  d i s c u s s i o n ,  a l t h o u g h  g r o u p s  o f  d i s c u s s i o n s  

w il l  b e  t a k e n  t o g e t h e r  w h e r e  p a p e r s  a r e  p r e s e n t e d  o n  s i m i l a r  t o p i c s .

A  f u l l  s o c i a l  p r o g r a m m e  h a s  b e e n  a r r a n g e d  f o l lo w in g  t h e  o p e n in g  

p l e n a r y  s e s s io n  o n  M o n d a y  2 6 t h  A u g u s t .

R e g i s t r a t i o n  f o r m s  a n d  f u r t h e r  d e t a i l s  m a y  b e  o b t a i n e d  f r o m :  G e n e r a l  

S e c r e t a r y ,  S o c i e ty  o f  C o s m e t i c  C h e m i s t s  o f  G r e a t  B r i t a i n ,  5 6  K i n g s w a y ,  

L o n d o n .
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JO U R N A L OF THE SOCIETY OF COSMETIC CHEMISTS

TUESDAY, 27 AUGUST 1974 
Morning 0915-1200

QUALITY AND ANALYTICAL METHODS 

Chairman: F. S e r r a  (Spain), IFSCC President 1970/71 

Co-chairman: M rs  H. B u t l e r , 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 I. 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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W EDNESDAY, 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 
(D R O M , Baierbrunn, Germany).

‘The Evaluation o f a New Sunscreening Agent fo r Safety and A ctiv ity ’ by L. I. Conrad 
(Amerchol, New Jersey, USA).

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

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

‘Nouvelles Données Concernant L ’Etude Analytique et Le Contrôle de L ’Activ itie 
D ’Extraits Placentaires Humains’ by J. Cotte, B. G u illo t, Peyron &  Mme. Patet (Hôpital 
Debrousse, Lyon, France).

Afternoon 1415-1530
M IC R O B IA L  PROBLEMS A N D  M A N U F A C T U R IN G

Chairman: M. G. deNavarre (USA), IFSCC President 1959/60 
Co-chairman: D. E. Butterfiei ', SCCofGB President 1967/68

"The Incidence o f 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 o f Selected Cosmetic Surfactants by Micro-organisms and Determining 
the Preservative A ctiv ity  o f Different Antim icrobial Agents’ by H. Futagoishi and 
K. Hasunuma (Kanebo Co. Ltd, Kotobukicho, Japan).

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

Afternoon 1555-1700
COSM ETIC LE G IS LA T IO N  

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

"Implications o f the Enlarged European Community on the Quality and Safety o f 
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 A N D  TO X IC O LO G Y  1 

Chairman: A. E. Desperrois (France), IFSCC President 1965/66 

Co-chairman: C. Pugh, SCCofGB President 1968/69

‘Adsorption o f Zinc Pyrithione onto H a ir and Skin’ by T. Okumaura, S. Horin, S. 
Hayashi and F. Tokiwa (Household Products Research Laboratory, Tokyo, Japan).

‘Comparative Study o f the Action o f Surfactants on Some Proteinic Material. Parallel 
Connections between such “ in v itro ”  data and the Irrita tion  Potential on Human Skin’ 
by F. Balaguer,* J. J. Garcia Dominguez,! J. L. Parra j and C. Pelejero* (*Anton io  
Puig, S.A.; fPatronato Juan de la Cierva; Barcelona, Spain).

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

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

‘Factors which Determine the Skin Irrita tion  Potential o f 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

COSM ETIC SAFETY A N D  TO X IC O LO G Y  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 o f Fragrances’ by D. L. Opdyke (Res. Inst, for Fragrance Materials Inc., 
New Jersey, USA).

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

‘Eye Irrita tion  Tests. An Assessment o f the Maximum Delay Time fo r Remedial 
Irriga tion ’ by R. E. Davies, S. R. Kynoch and M . P. Liggett (Huntingdon Research 
Centre, England).

‘Bergaptene Toxic ity ’ by M . A. Cooke* and E. A . Fairburnt (*A lbright &  Wilson Ltd and 
the Birmingham Skin Hospital; (-University o f Birmingham; England).

‘Dermatological, Histological and Inhalatory Examination o f A lum inium  Chlor- 
hydroxide’ by K. Rieger (Hoechst A. G., Augsburg, Germany).
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I n o d in

Iriodin® e.g. in lipsticks, Leaflets, samples,
produces interesting eyeshadow preparations, recipe suggestions and
fashionable lustreous foundation creams, quotations available on
effects powders, foam baths etc. request.

For prices and advice on 
formulations please contact

A6-E0
E. Merck, Darmstadt Germany

V
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a c o m p le te  s e le c t io n  
o f  la n o lin s  a n d  
la n o lin  d e r iv a t iv e s  
fo r  c o s m e t ic s  a n d  
p h a rm a c e u t ic a ls

L A N O L I N S
» ANHYDROUS USP EXTRA DEODORIZED •  PHARMACEUTICAL GRADE USP 
® COSMETIC GRADE USP •  TECHNICAL GRADE

L A N O L I N  D E R I V A T I V E S
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 
properties for hair sprays, ointments, soaps, deodorants, 
bath 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.
LANOFIER® Dermo-Cosmetic, Lanolin Base. Designed for 
a wide range of skin care and cosmetic preparations.

R.l.T.A. CHEMICAL CORPORATION 
P.O. Box 556, Crystal Lake. Illinois 60014 
Telephone: (815) 455 0530 
Telex: 72-2438
Cable Address: RITA CRYSTAL LAKE, ILLINOIS

REPRESENTATIVE IN E N G LA N D :

JACOBSON VAN DEN BERG &  CO. LTD. 
Jacoberg House, 231 The Vale,
London W3 7RN, England 
Telephone: 01-7439121 Telex 934741
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Textbook of Dermatology
Edited by

A R T H U R  ROOK m .d . f.r.c.p., D.S. W ILK IN S O N  m .d . f.r.c.p. and 
F.J.G. E B LIN G  d .sc. ph.d .

The generous reception accorded internationally to the first edition o f this book has imposed 
the obligation on the editors to prepare a second edition considerably sooner than had been 
expected. The general plan o f the book remains unchanged, but in  some fields o f dermatology 
very im portant advances have taken place in the last five years and in consequence most chap
ters have been entirely rewritten. I t  has not always been possible to  om it o ld  material to give 
place to new and despite efforts to  restrain its growth this edition is therefore considerably 
larger than the first. Twelve chapters have been added to  the book and several new authors 
have joined the team o f  contributors.

LIST OF CONTRIBUTORS

Harvey Baker m .d .(Leeds) F.R.c.P.(Lond.) 
John M artin  Beare m .d.(Belfast) f.r.c .p. 

(Lond.)
Robert John Cairns m .b. B.s.(Lond.) f.r.c.p. 

(Lond.)
Robert Harold Champion m .a . m .b. b.c h ir .

(Cantab.) M.R.C.P.(Lond.)
Francis John Govier Ebling d .sc. ph .d . 

(B risto l)
Sigfrid Fregert m .d .(Lund)
James C lark Gentles b.sc. ph.d .(Glasgow) 
Roger Richard M artin  Harman m .b. b.s.

(Lond ) F.R.c.P.(Lond )
Niels H jo rth  m .d .(Copenhagen)
W illiam  Henry Jopling F.R.c.P.(Edin.)

F.R.c.p.(Lond.) d .t .m . & H.(Eng.)
Francisco Kerdel-Vagas M.D.(Caracas) m.sc. 

(N .Y .)
Gunnar Lom holt M.D.(Copenhagen)
Donald W illiam  Ross Mackenzie b.sc. 

ph .d .
Jack Nagington M.D.(Manchester)
William Everett Parish m .a. PH.D.(Cantab.) 

B.V.SC.(Liv.) M.R.C.V.S. M.R.C.PATH.

Jens Jorgen Pindborg d .d .s. dr .odont. 
Stephen Owen Bellamy Roberts m .a. m .b.

b.chir .(Cantab.) M.R.c.p.(Lond.)
Arthur James Rook M.D.(Cantab.) 

f.r .c .p.(Lond.)
Neville Robinson Rowell m .d .(Newcastle) 

F.R.C.p.(Lond.) D.C.H.
Terence John Ryan m .a . b.m . B.CH.(Oxon.) 

M.R.c.p.(Lond.)
Peter D errick Samman m .a. m .d .(Cantab.) 

F.R.c.p.(Lond.)
Kenneth V illie rs  Sanderson m .b . b.s.(Adel.)

F.R.c.p.(Lond.) F.R.A.C.P.
Ian Bruce Sneddon m .b. ch .b.(Sheffield) 

F.R.c.p.(Lond.)
Darrell Sheldon Wilkinson m .d .(Lond.) 

F.R.c.p.(Lond.)
Edward Wilson Jones m .b. B.CHiR.(Cantab.) 

F.R.c.p.(Lond.)
Leonard Beard m .a.(Cantab.) a .i . i .p. f .r .p s

Second Edition. 1972. 2236 pages, 1100 illustrations. 
Two volumes in s lip  case, £32.50

Clinical Tropical Dermatology
Edited by Orlando Cañizares m .d . f.a.c.p. 
Autum n 1974. 700 pages, 272 illustrations  
(40 colour). About £10.00

Lecture Notes on Dermatology 
Bethel Solomons m .a . m .d . f.r.c.p. i . Third Edition. 1973. 268 pages, 107 illustrations  
(37 colour). Paper, £2.25

Manual of Dermatologic Syndromes
Thomas Butterworth a .b. m .d . med.sc.m . Second Edition, 1972. 104 pages. L ipp incott, 
£1.50

Cutaneous Lesions of the Lower Extremities 
M .H . Samitz m .d . M.sc.(Med.) and Alan S. 
Dana Jr m .d . 1972. 210 pages, 132 colour 
illustrations. Lippincott, £14.00

Blackwell Scientific Publications ,
--------Oxford London Edinburgh Melbourne-“ “ — ---- ^

VÜ



Journal o f  the S o c ie ty  o f  C o sm etic  C hem ists Voi. 25 N o. 4  1974

SURVEY OF OUR PROGRAMME

Placenta Extracts * Tissue Extracts *  Skin Extracts *  
Soluble Collagen * Hormones * Vitamins *

Vitamin Oils * Vitamin Complexes * Herbal Extracts *  
Sulphur Additives *  Amino Acids Combination * Skin Moisturizer *  

Solubilized Bath and Shampoo Complexes *
Special Hair Complexes * Hair Conditioner Concentrate * 

Deodorant/Bactericide *

Aminodermin CLR 
Arnica Oil CLR 
Avocado Oil CLR 
Biosulphur Powder 
Biosulphur Fluid 
Calcium Pantothenate [d(+)] 
Calendula Oil CLR 
Carrot Oil CLR 
Collagen CLR 
Cutavit Richter 
Deodorant Richter/K 
Elacid Richter 
Epidermin in Oil 
Epidermin water-soluble

Hair Complex 20/70 n 
Hair Complex FCa 
Hair Complex Aquosum 
Hexaplant Richter 
Hygroplex HHG 
Inositol
Lecithin water-dispersible 
Peroestron in Oil 
Placentaliquid water-soluble 
Placentaliquid oil-soluble 
Sedaplant Richter 
Soluvit Richter 
St. John's Wort Oil 

DAB 6 (Erg.-B.) 
Tocopherol Oil 

0.4% tocopherol 
Vitamin (A + D3) Concentrate 

400000 I.U.A 
+ 40000 I.U Dj/g 

Vitamin B Complex CLR

Vitamin F 250 000 Sh.L.U./g 
Vitamin F Ethyl Ester 

80 000 Sh.L.U./g 
Vitamin F Glyceryl Ester 

65000-75000 Sh.L.U./g 
Vitamin F alcohol-soluble 

80000 Sh.L.U./g 
Vitamin F water-soluble 

25000 Sh.L.U./g 
Vitamin H'
Vitaplant CLR oil-soluble 
Vitaplant CLR water-soluble 
Wheat Germ Oil 0.26%

(a + ß) tocopherol

CHEMISCHES LABORATORIUM 
DR. KURT RICHTER GMBH
1 Berlin 41 (West Berlin) Bennigsenstraße 25 Postlach 480 Germany

f



Journal o f  the S o c ie ty  o f  C osm etic  C hem ists Voi. 25 N o . 4 1974

Too wild. Wild hair needs proteins.

Croteins A and C
Use in shampoos and 
conditioning rinses for 'body' and 
thickening effect.
Croteins A and C are white 
powders, almost odourless and 
tasteless and soluble in cold water.

Crotein AD
Use in hair sprays and hydro
alcoholic lotions for 
conditioning and plasticising.

Crotein AD is a hydro-alcoholic 
protein derivative, compatible with 
commonly used resins.

Details and samples from:

Croda Chemicals Ltd
Cowick Hall 
Snaith Goole 
Yorkshire DN14 9AA  
Tel Snaith 551 (0405 860 551) 
Telex 57601
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it may seem like 
a drop in the  ocean

The norm al use o f B itrex as a dénaturant fo r  a lcohol in the  U.K. is 2 parts per 
m illio n ; (in c id e n ta lly  i t  is de tectab le  by tas te  at a d ilu t io n  o f 1 part in 20 m illion  
parts o f w a te r). B itrex is odourless, co lourless, com pe titive  and readily available.
I f  you are not already using B itrex fo r  your fo rm u la tions  it  may be to  your 

advantage to  con tac t us.

M A C F A R L A N  S M IT H  L T 1 )
..Registered Office & Works - Edinburgh EH11 2QA

D IS T R IB U TO R  IN  TH E  USA: J. H. W A LK E R  & CO IN C . M O U N T  V E R N O N , NEW  Y O R K

SALES DEPARTMENT
Wheatfield Road, Edinburgh EH11 2QA
Tel: 031 -337 2434 Telex 727 271
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Scientific Publications Ltd, Osney Mead, Oxford 0X2 OEL. Printed and bound by 

Burgess & Son (Abingdon) Ltd, Station Road, Abingdon, Berkshire, England.
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