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Physio!ogy. - "On the relation between the elect1'ical phenomenon 
-' in cloudlike condensed Od01'OUS wate1' vapours and smell-inten­

sity". Bij R. ZWAARDEMAKER and H. ZEEHUTSI'lN. 

(Communicated in the mpeting of May 31, 1919). 

_ In _Barlier pllblications 1) we- set fOl'th that all true OdOl'OllS sub­
stances, a lal'ge nllmber of saponins and antipyl'eliea possess the 
propél~ty of irnpal'ting an electrical charge. This phenomenon mani­
fest;' itself mosl distinctly with _ Ihe first gl'OUp, less distinctly with 
the" second, and again less_ "dth antipYFetica. However, t.he result 
is lal'gely 'dependent on the &olubility in water of the individual 
substances, as it can be of some signifirance ooly when, at the . ~ ~ " 
spraying, ao adequate nllmber of dissohed molecules are present 
in the water. 8nspended particles are of themselves of no vaille 
fol' tbê phenomenon. BefOl'e p'l'ocee~ling we wish to caU attention 
to u, fOUl'th gTOUp 10 be discllssed later on, viz. the alkaloids. T.11e 
phenorr'lenon appeal's with 'many of them, but their solubility being 
very slight, it eannot reaeh a high degl'ee of intensity. To give an 
idea of the great differences among the four groups, we observë 
th at on compal'ison, e,g. of the ehal'g'e of a saturated camphor­
solution with that of a satlll'ated qllinine-solntion, the former appears 
to be at least twice as strong as the lattei'. Ir follows then that 
among the organic sn bstances of~ physiological acti vi ty the electrifying 
power)s always highest _jn. the octorous substances, so lhat they 
are most appl'opriate for tbe· stndy of the phenornenon. 

It has been established before, that in bornologolls set'Ïes lhe' in­
tensities of alectrifying powe~' and olfactol'y capacity l'iRe and -fall 
concomitant1J'. In order to ascel~tain the~ relations of these intensitÏes 
for odorous substances we selected at random 26 of them, distri­
buted over variOlIs grollps and ~eries and we diluted their aqueo~s 
solntion to_ sueh a degree t1J~t on sP!'~ying they yielded ollif in· 
appreciabie eleetrical phenomena (witb an electJ'oscope of moderate 

,sensitiveness I) a deflection, of from 0.1 to 0.2 scale-marks). Wh en 
. -

, 1) K, Akad. v. Welenseh. Amst. 25 Maart 11316, 27 Mei 1916, 30 Sept. 1916, 
23 Febr. 1918, 29 Juni 1918, Arch. neérl. de physiol. T. 1, p, 347 j Nedert 
Tijdschr. v. Geneesk. '1918 1I 980-982, . 
~ ~) A tension of 220 vHs made the instrument detlect 10 scalemarks. (It had EI. 

capacity of ± 50 Electrostat.·units). . 
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examined in a simple olfactometer these solutions yielded a very 
weak sensation of smell, whieh could l'eadily be determined by the 
length to whieh the olfaetometrieal C'y linder had to be moved out, 
in order to pl'ocure a minimum perceptibile. 

Table Ia shows the olfaetion-valnes of the solutions when we 
try to find the "Reizsehwelle". Table 'lb gives of the same substances 
the lengths to which the cylinder has to be moved out when we 
seareh for the "Erkenntnissch welle". 

TABLE la. 
The odorous substances arranged in the 
order of the smell.intensity of solutions 
yielding an approximately equal, extre-

mely weak electrical charge 
(0,1-0,2 scale·marks). 

SubstanC'es (arranged in "Relzschwelle" 
. d f in centims to 

ascendl~g or .er 0 which the cylin-
smell-mtenslty). deris movedout. 

Caproic acid 5 
Artificial moschus 1 
Va!enanic acid 1 
Amy!alcohol 1 
Cumidin 1 
Allylalcohol 1 
Iso-amy!acetate 0.5 
Terpineol 0.5 
Skatol 0.5 
Indo! 0.5 
Pseudocumol 0.3 
Xylol 0.3 
o. Toluidin 0.2 
Anilin 0.2 
p. Xylenol 0.1 
m. Xylidin 0.1 
m. Toluidin 0.1 
Thymol 0.1 
Benzol 0.1 
Taluo! 0.1 
Naphthalin 0.1 
m. Xylenol 0.1 
Guaiacol 0.1 
Nitrobenzol 0.1 
Pyridin 0.1 
Vanillin 0.05 

Average 0.54 e.m. 

TABLE lb. 

The odoroussubstances arranged accord­
ing to the "Erkenntnisschwelle" in soJu­
tions yielding an approximately equal, 

extremely weak electrical charge. 

Substances arranged 
in ascending order of 

smell-intensity. , 

Caproic acid 
Artificial moschus 
Va!erianic acid 
Amylalcohol 
Cumidin 
p. Xylenol 
Ally!alcohol 
m Xylidin 
o. Toluidin 
p. To!uidin 
Iso-amylacetate 
Terpineol 
Skatol 
Pseudocumo! 
Anilin 
Thymol 
Benzol 
Toluol 
Xylol 
Indo! 
Naphthahn 
m. Xylenol 
Guaiacol 
Nitrobenzol 
Pyridin 
Vanillin 

Average 

, 

. 

»Erkenntnis­
schwelle" in cen­
tims to which 
the cylinder is 

moved out. 

9 
8 
5 
5 
5 
5 
3 
2.5 
1.5 
1.5 
1.3 
1 
1 
1 
1 
1 
1 
1 
0.6 
0.5 
0.5 
0.4 
0.1 
0.1 
0.1 
0.1 
2.16 e.m. 

In the latter case, it is true, the values are based upon the inten­
sity of tb$3 sensation, however the psychological consciousness of ths 
quality had been previously e5tabIished. 
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As wil! be seen, the avel'age olfaetion-value of om' 26 substancee 
in a dtlution with which tbe electrlfyÎ1Jg power is next to impercep­
tible, is 0.54 cm (determined aftel' the minimum pereeptibile without 
quality). The deviations var)' withm the tenfold of tbe mean vallles. 

A pparently the limmal pel'ceptibihty of smcll-capacity, coneurs 
apPl'oximately witb tha( of electl'lfying power. There is, indeed, a 
certain latitude of variation in the olfaction-valnes, while the elect ri­
fying power is considel'ed tbe same_ fol' all, though pl'obably it is 
not qnite the same, because lt lS difficult to distingmsh diffel'ences 
of subdivisious of one tentb of a scalemark. 

One of us sUl'mises that both the intenslty of the smeU and tbat, 
of the electrical phenomenon depend in a more or less complicate 
way on 

a. the volatility of the substanres 

TABLE Ha. 
Arrangement of 26 odorous substances 
(in the stalagmometer) in a solution 

yielding a just noticeable electrical 
charge. (at 15° C.). 

Water 49.3 
Naphthalin 49.3 
Artificial moschus 49.6 
Caproic acid 49.8 
Anilin 50 
Indol 50 
Nitrobenzol 50 
p. Xylenol 50 
p. Toluidin 50 
Guaiacol 50 
Thymol 50.1 
AIlylalcohol 50.2 
Toluol 50.2 
Pseudocumol 50.5 
Amyla1cohol 50.5 
m. Xylidin 50.5 
m. Xylenol 50.6 
Benzol 50.8 
Vanilltn 51 
Valerianic acid 51 
Terpmeol 51.2 
o. Toluidin 52 
Skatol 52.2 
Cumidin 52.2 
lso-amylacetate 52.5 
Pyridin 54 
Xylol 55 

Average 50.9 C3
::.

2
) 

TABLE lIb. 

26 odorous substances arranged a~cording 
to thelr boiling point. 

Water 100° 
Benzol BOo 
AIlyla1cohol 97° 
Toluol 1110 

Iso-amylacetate 116° 
Amyla1cohol 116.3 
Pyridin 116.7 
Xylol 1420 

Caproic aCId 155° 
Pseudocumol 169.8 
Amlin 182.5 
Valerianic acid 184 
o. Toluidin 199.7 
p. Toluidin 200.4 
Nitrobenzol 205 
Gualacol 205.1 
Terpineol 218 
Naphthalin 218.2 
p. Xylenol 220 
m. Xylenol 225 
m. Xylidin 226 
Thymol 231.8 
Cumidin 2350 

Indol 253 
Skatol 265 
Vanillin sublÎmes 
Artificial moschus 11 
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b. the lowering of the sUl'face-tension of water, which they bring_ 
about. 

In view of this supposition it avails to know the boiling point 
of tbe odol'oUS substances as well as the number of droplets of the 
diluted aqueous solutions. The subjoined tables (lla and IIb) give 
us these data. They do not warrant the àdóption of an immediate 
connection, thongh we may conrlude from tltem that 1here is a 
more remote relation 1). 

Tbe sign of the charge mayalso be of some influence. Whereas 
for 24 out of 26 substances examined in widely different concen­
trations, we invariably found a positive charge, which eventually 
disappears with pJ'ogl'essing dilutions, a negative charge is yjelded 
by caproic acid and valerianic acid in highly diluted solution 
(positive in somewhat concentrated solutions). In the extremest 
dilution, in which this negative chal'ge is just noticeable, the smell­
intensity of these substances, when compal'ed with the average of 
ollr sQbstances, appears to be very sligbt. 

Whether the charge increases or not, or whether it decreaRes, 
throllgh tbe addition of some common salt to the sollltion 2), does not 
seem to interfere with the l'elati re arrangement of our 26 substances. 
With all of them we obsel've an increase of the electl'ifying powei', 
with the exception of naphtalin, indol nnd skato!, whose insignificant 
charge. seems to remain constant, and of al!~ificial moschus, pseudö­
cumol, p. xylenol nnd thymol, whose charges are obviously getting 
weaker. 

We conclude, thel'efore, merely from the facts, wIthout attemptmg 
to find an explanation, that also of odorous substances, chosen at 
random, in approximately similar dllution, the smell-intensity nnd 
the electrifying power have reachcd their limen of pel'ceptibility. 

1) Order of the number of droplets of the satul'ated solution: 
Naphthalin 49.3, Al'tificial moschus 49.6, Toluol 50.3, PseudocumoI50.5, Benzol 

50.75, Allylalcohol (1. 500)51, Vanilline 51, Indol 51.5, Skatol 52.2, Xylol 55, 
Nitrobenzol 55.5, Pyridin (1 %)-57.25, Cumidin 66.75, p. Xylenol 68.5, Anilin 69, 
p. Toluidin 69, Thymol 73, o. Toluidin 75.5, n. Xylidin 77, m. Xylenol 84, 
Caproic acid 84.5, Guaiacol 85, Terpineol 90.5, Valerianic acid 106, Isoamylacetate 
115, Amylalcohol 131. -

~) E. L. BACKMAN, Researches Physiol Lab. Utrecht (5). Vol. 18, p. 349; 19, p. 210. 
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