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the short summer season, from the middle of June to 
the middle of September, the usual climbing season. 
The observers prepared all their experiments in the 
valley, made the ascent and possibly stayed two or 
three days, and then descended. The Vallot observa
tory is visited every year by young science graduates 
sent out by the Societe des Observatoires, and regular 
memoirs are printed and published. Indeed, there is 
usually a waiting list of young savants eager for places 

in the observatory, which is remarkably comfortable 
considering the height. Fortunately it is likely that 
some members of M. Vallot's family will continue the 
good work, and it is only right that every credit should 
be given to the great and generous man, great in every 
sense of the word, who in 1920, at the age of sixty-six, 
made his thirty-fourth and last expedition to the 
summit of Mont Blanc, and has just passed away amid 
the deepest regret. 

Soaps and the Theory of Colloids.1 

By Prof. J. W. McBAIN, F.R.S. 

THE subject of colloids has suffered from an excess 
of conflicting speculations in the absence of 

precise and definite experimental evidence. It is still 
found difficult to devise methods of experiment which 
will yield exact, and also unambiguous, results. 

At the time when we began work in this field one of 
the chief recognised characteristics of colloids was their 
changeability and the dependence of their behaviour 
upon the vagaries of individual specimens. The object 
was thoroughly to study one typical colloid in order to 
supply the definite evidence required for testing or 
building up the theory of the subject. No general 
theory can be true which is incompatible with carefully 
established experimental evidence obtained with any 
one typical material. 

Our chief experience is that the more carefully the 
colloid is studied the less colloidal it is found to be. 
Soap is a unique material for the investigation of col
loidal phenomena, because it illustrates nearly all the 
behaviour found in other colloidal systems, and it is one 
of the few common reversible colloids which have a 
definite, simple, known chemical formula. Last and 
most important, all results with soap solutions are 
quantitatively reproducible, and, in the many cases 
where our results have been tested in other laboratories, 
the experimental data have always been confirmed. 
We have been able to find one precise relationship after 
another, so that the results are almost lifted out of the 
colloidal field. Nevertheless it remains true that soaps 
are typical colloids, and that the results are of general 
significance in determining the behaviour of colloids 
and their relationship to other states of matter. 

Soaps exhibit an apparently inexhaustible variety of 
behaviour, and few days pass without some new and 
interesting observation being made. A great deal of 
incidental information is obtained in the quest. For 
example, under certain conditions twice as much soap 
is required for a given amount of detergent action if the 
soap solution is allowed to stand for a day before use. 
Again, Miss Laing has carried out analyses which show 
that the substance which accumulates in the surface of 
soap solutions and of soap films is not free fatty acid 
but an acid sodium soap, a very slight excess of 
alkalinity in the soap solution converting it all to 
neutral sodium or potassium soap. 

Soap is important as a type of a great class of sub
stances known as colloidal electrolytes. It is essential 
to examine carefully the evidence obtained by a study 
of ordinary solutions of soap, since from it follows 
directly a proof of the micellar theory. The essence of 

1 Discourse delivere:l at the Royal Institution 0:1 Friday, March 20. 

the micellar theory is that not the chemical molecules 
but aggregates of particles are the colloidal units. 

It is necessary to show that hydrolysis, although 
always present to a slight extent, does ·not account for 
the major properties of the solutions. There are only 
traces of free fatty acid present, and there is but little 
free alkali, far less than in sodium carbonate ; this has 
been shown by half a dozen independent quantitative 
methods. Hydrolysis is only of importance in dilute 
solutions. This is borne out by the fact that the 
hydrogen soap, cetyl sulphonic acid, has properties 
exactly parallel to ordinary soap in concentrated 
solution. Hence the major properties of a strong soap 
solution are due to the soap itself. 

We have found that in dilute solution, soaps are 
ordinary crystalloids, just like common salt, and dis
sociate into sodium and potassium ions and simple fatty 
ions. Upon concentrating the solutions, however, the 
undissociated soap molecules aggregate to form large 
particles of neutral soap ; that is, neutral micelles. 
Likewise the fatty ions unite in small groups to form 
a new type of particle-the ionic micelle-in which 
there is one free charge for each fatty ion. By changing 
the concentration or the temperature, all intermediate 
proportions of these constituents can be produced. 
This may be summarised in the following scheme: 

NaCl - Na' + Cl' 
NaP - Na' + P' 

rr rr 
(NaP)x nNa' + (P')n. 

Neatral micelle. Ionic mieelle. 

The evidence for the foregoing conception is based 
upon a study of osmotic effects and of electrical con
ductivity. The osmotic effects as exemplified by the 
lowering of freezing point, of !few point, and of vapour 
pressure, and also the minimum pressure required for 
ultrafiltration, are in general half the values to be 
expected for the same concentrations of a typical salt 
such as sodium acetate. On the other hand, the con
ductivity of concentrated solutions is fully equal to that 
of sodium acetate. A large mass of data obtained 
chiefly in the laboratories of the University of Bristol 
has established both these truths. 

If now the whole of the osmotic effect be taken as a 
measure of the sodium ions present, thus leaving no 
other crystalloidal constituent, rather less than half 
of the observed conductivity is accounted for. The 
other half of the conductivity must be due to colloidal 
constituents, and one of these constituents must have 
the same number of negative charges as there are posi
tive ions : this is the ionic micelle. The undissociated 
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soap, too, must be in the form of aggregates or colloidal 
particles because of its negligible osmotic effect : this 
is the neutral micelle, and of the two it is the more 
important. 

Long ago Selmi and Nageli emphasised that not the 
chemical molecules, but larger aggregates, were the 
colloidal units out of which all larger structures are 
made. Nageli in r858 coined the word " Miceli" from 
mica (a crumb), in order to have a term with no pre
supposition of crystal or any other particular structure. 
Many years of study of starch convinced him that the 
micelles of which these granules are composed are 
essentially crystalline, and now the X-ray work of 
Debye and Scherrer and Sponsler has shown that this is 
correct for such colloids as gold sols and wood. 

With soaps there is no direct evidence of crystalline 
structure of the individual micelle, but Nageli would 
have approved of the name micelle for the ordered 
arrangements based upon conceptions of polarity which 
since 1912 have become fashionable. The particles of 
neutral micelle in soap are found to range from a few 
hundred to thousands of Angstrom units in diameter 
depending upon the soap and the conditions. These 
neutral micelles may be visualised by borrowing and 
modifying a suggestion of s. E. Sheppard's (NATURE, 
1921, March 17, p. 73). Each particle is like a pair of 
milita.ry hair brushes, in which the bristles represent 
the hydrocarbon chains of the molecules arranged 
parallel to each other in sheets, two such layers being 
put together hydrocarbon to hydrocarbon. The two 
backs of the brushes on the outside represent the 
hydrate layer and the un-ionised electric double layer. 
A general survey of the facts with regard to the electrical 
double layers(]. Phys. Chem., 1924, 28, 7o6) has shown 
that only a minute. fraction of such a surface can 
- -hence the name "neutral micelle." Such a micelle 
would owe its stability to its internal polar arrangement 
of the molecules and to the external heavy hydration of 
the sodium and carboxyl group. The explanation of the 
stability of colloidal particles should be extended to the 
discussion of suspensoid particles where it is usually 
ascribed to the free electrical charges. The present 
conception would explain the stability by the hydra
tion or solvation conditioned by even an undissociated 
double layer and at its maximum in the neighbourhood 
of uncompensated electrical charges. The principle 
here involved is the commonplace that like dissolves 
like, and that a particle remains in solution when it is 
completely surrounded or coated with chemical groups 
similar to those of the solvent. 

The ionic micelle is more novel and is essentially 
different. It may be visualised by borrowing and alter
ing a suggestion put forward by Reychler in 1914 for 
particles of soap, and more recently by N. K. Adam. It 
resembles a group of, say, less than a dozen eels tied 
together by the tails, and pointing outwards in all 
directions from the common centre. Each eel is a fatty 
ion with the charged carboxyl group outwards. These 
carboxyl groups also are probably hydrated. Such an 
ionic micelle cannot grow large because the electro
static repulsion would increase as the square of the 
electrical charges. The diameter of the ionic micelle 
as measured is only a few score Angstrom units. Many 
experiments on migration in an electric field have shown 
that the ionic and neutral micelles exist and move quite 
independently of each other. 
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The conceptions put forward are a quantitative inter
pretation of the constitution of soap solutions and are 
therefore open to many kinds of direct test. One of 
the most cogent has been filtration (or ultrafiltration) 
through such a membrane as cellophane, the familiar 
transparent sheets of cellulose used in wrapping 
chocolates and certain high grades of soap. Dense 
membranes may be obtained through which a soap 
solution passes unchanged when it is in such dilution 
that conductivity and osmotic effect show it to be 
crystalloidal; that is, consisting of simple molecules 
and ions. The same membranes hold back all the soap, 
allowing only water to pass through when the soap 
solution is sufficiently concentrated that, according to 
the argument already given, the soap is entirely in col
loidal form, neutral and ionic micelles . Intermediate 
solutions can be tested for the amounts of crystalloidal 
and colloidal constituents. Further, membranes with 
pores of any size may be obtained the diameter of which 
can be measured by the pressure required to blow air 
through them when wet; with these it is possible to hold 
back the neutral micelle allowing the ionic micelle to 
pass through. It is evident that the membranes too 
have a micellar structure. Again, by using a reference 
substance such as a salt, it is possible to measure the 
hydration of the colloid which is held back by obtaining 
a filtrate which on occasion is twice as concentrated in 
reference substance as the original solution. In this 
way it is shown that the micelle contains about ten 
molecules of water for each equivalent of soap. 

Throughout the foregoing discussion only solutions, 
that is, transparent fluids, have been mentioned. The 
place that these colloidal electrolytes play in the general 
classification of all the known varieties of solutions is 
shown in the following diagram, where each type merges 
by gradual transition into the next: 

CRYSTALLOID 

, SI.ICROS£' 

SEMI-COLLOt.D WEAK ELECTROLYTE He,. OEX.TRIIVE 

( 
IIIEUTRAL COLLOID ELECTROLYTE ST"'- .JK Cl 

S DAL ELECTROLYTE: 
As2 S.J SOAP 

TRANSITION DIAGR.\M. 

States of matter exemplified by soaps and their solutions. 
-All soaps under suitable conditions can occur in each 
of several crystalline forms, in two forms of liquid 
crystals or anisotropic liquids, and finally in certain 
cases the solutions previously described may set to form 
true transparent jellies. These true jellies are like 
gelatine jellies in they are clear and elastic, and 
when not under strain they are isotropic; that is, dark 
between crossed nicols. 

On the other hand, the anisotropic forms which occur 
in higher concentrations are not miscible with the 
isotropic solutions or jellies but constitute separate 
phases. These doubly refracting liquids are not elastic 
but plastic; that is, they do not quiver when shaken, 
small portions do not flow under the influence of gravity 



© 1925  Nature Publishing Group

NATURE 

but passively remain in any position or shape which is 
given to them. These anisotropic liquids likewise have 
been found to be colloidal electrolytes. 

It is remarkable that, when an ordinary soap solu
tion sets to a true transparent jelly, such properties as 
conductivity and osmotic effect are unaltered. It is 
evident that the same equilibria and the same particles 
exist in each. The jelly structure must be built up by 
the neutral micelles linking together by bonds of residual 
affinity (Trans. Faraday Soc., 1924, zo, zz) to form 
larger structures without losing their individuality. 
This well explains the reversible transformation of true 
jellies to sols. 

There are at least two crystalline forms of soap, 
lamellar crystals and curd fibres. Both give X-ray 
diagrams, whilst none of the other forms of soap solu
tions already described give radiograms. Figs. r and z 
illustrate the appearance of curd fibres under the ultra-

FIG. appearance of curd fibres forming in r·oNa; 
sodmm Ia urate with dark ground illumination. 

microscope. 3, which is strikingly similar, is taken 
fr_om von W and is a similar ultramicroscopic 
prcture of banum sulphate suddenly precipitated from 
concentrated solution. In all cases the curd consists 
of these innumerable crystalline fibres enmeshing 
mother liquor. 

Most of the of the type of soaps, such as 
dyes, etc., exhrbrt many of the forms here described. 
Probably every soap can be brought into each of these 

suitable conditions. They exhibit a great 
famrly hkeness, and the conditions differ merely in 
degree. All these phases are found in the two-com
ponent system water: soap,and it has been demonstrated 
that the phase rule applies to their equilibrium with 
each other. No new phases appear when salts are added. 

The equilibria are surprisingly subject to law and 
order. Simple numerical rules relate the action of 
various electrolytes with each other independent of the 
nature of the soap. Again, simple rules hold for all 
soaps and their mixtures. It follows that the behaviour 
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of the highly complicated mixtures of saponified oils 
and fats with various electrolytes met with in soap 
boiling can largely be treated on the simple basis of a 
three-component system. Thus by phase-rule models 

J'i' rG. 1.- l.; ltramicroscopic ctppca rance of curd fibres formi ng in o·os X "" 
sodi um bchcnate, wit h d::trk ground illumination. 

is possible to folloll" and predict all the 
ap-boiling pro esse . 
In conclu ion, the hope and expec ta lion may he 

:pressed that. wh en \·arious im·es tiga tors ha \· ca rried 
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FrG. 3.-Ultramicroscopic appearance, according to von VVeimarn, of gels 

of barium sulphate formed by sudden precipitation from concentrated 
solutions. 

out sufficient careful and many-sided work with a 
number of definite typical materials like the soap which 
has been taken here as an illustration, the theory of 
colloids will ultimately become an exact science in 
which every statement will be demonstrable or subject 
to quantitative proof. 
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