
U. S. Department of Commerce 

National Bureau of Standards 

Research Paper RP1974 

Volume 42, April 1949 

Part of the Journal of Research of the National Bureau of Standards 

Some Physical Chemical Properties of Aqueous Solutions 
of Soaps and Soapless Detergents 

By Gopal S. HattiangdV William W . Walton, and James 1. Hoffman 

.A study has been made of t he effect of concentration on the surface tension, electrical 

conductance, p H , opacity, and foam formation of aqueous solutions of 30 typical commercial 

soaps and 6 popular soapless detergent s. The soaps included t he following types: Toilet, 

"medicated," glycerin, coco, washing (laundry) , and shaving soaps. The results are exp lained 

on the basis of the coll oidal nature of the solutions and the soap phases that have been found 

in the solid soaps by studies of X-ray diffraction and electron mi croscopy. The signifi cance 

of the res ults in terms of m icelle formation a nd the relationship between micelles and deter

ge nt action are discussed. 

1. Introduction 

Running water was the earliest " detergent" 
used, the cleansing being caused mainly by 
mechanical action and partly by solven t action. 
The relatively super ior washing action of aqueous 
solutions, suspensions, and pastes of various herbs, 
plants, and nuts was quickly realized , to be fol
lowed a few cen turies thereafter by the manufac
ture and use of saponified oils and fats (soap). 
In more recent times, syn thetic soapless detergen ts 
are being commonly used by the housewift' for 
laundering, dish-washing, and cleansing in general. 
"Thether it is t he ancien t herb, the more recent 
soap, or the modern soapless syn thetic compound, 
the cleansing action in all cases is based upon the 
same principle- the replacemen t of the undesired 
dirt by a detergen t, leaving the dirt in a suspended 
and protected sta te so that it is easily removed by 
running water. 

The criteria used in purchasing soaps and soap
less washing compounds are usually t heir appear
ance and texture, the quantity of suds they 
produce, and, wi th som0 critical housewives, th e 
action of the compound on th e skin and h ands. 
There are, however, no universally accep ted 
physical-chemical standards to which soaps are 
referred with regard t o their washing power. Some 
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pertinen t experimental methods suggest them
selves if the prerequisites for efficien t washing are 
cri tically r eviewed and analyzed. 

In trying to wash a greasy dish or a dir ty fabric, 
a superior wetting or surface-active agent is n eeded. 
After th e greasy dirt is removed from the surface 
of the dish or fabric, the dirt particles must be 
suspended in the aqu eous medium. This can be 
achieved by compensa ting the charge around the 
particles. vVl1en the charge is n eu tralized , both 
the un charged dir t par ticles and the clean surface 
of th e dish or fabric must be protected with an 
adsorbed film of th e detergen t so that the removal 
of th e dir t with running water may b e facilita ted. 
The use of an efficien t detergen t also enhances the 
degree of solubilization of the insoluble dirt, owing 
to its sorp tion by, or inclusion inside, the colloidal 
particles of the d etergen t. The factual da ta on 
these factors may be ob tained by making direct 
measuremen ts of surface tension, in terfacial tension, 
carbon number, gold number, and dye number. 

Other . factors, which may be considered signifi
can t by the housewife, are the quantity of suds 
produ ced (proper t ies of foams), the irritation to 
the skin and hands (control of pH), and the 
clar ity of th e solu t ion (opacity of turbidity). 

The li terature is profuse with physical-chemical 
data for aqueous solut ions of pure alkali soaps, 
stress being laid in most of these inves tigations on 
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the colloid chemical viewpoint. Krafft and Stern 
[4]2 suggest that soaps must be in solution in order 
to exhibit appreciable detergent action. Mc
Bain [6] has shown conclusively that the detergent 
action of aqueous soap solutions is due to their 
colloidal nature, and that this action is influenced 
by the chemical constitution of the detergent only 
insofar as this affects their behavior as colloids. 
Investigations conducted during the past 10 years 
have shown, however, that sodium soaps of the 
saturated fatty acids display probably three al
ternative crystal forms, as well as a sequence of 
about 5 or 10 stable mesomorphic forms , each 
having different and unique physical-chemical 
properties [9]. 

The purpose of this paper is to present data for 
several physical-chemical properties of aqueous 
solutions of numerous commercial soaps and soap
less detergent materials, and to correlate these 
with the structure and phase nature of the solid 
soaps as revealed by investigations with X-ray 
diffraction [2] and electron microscopy [3], and to 
interpret the significance of the results in terms 
of fundamental colloid chemical hypotheses . 

II. Materials Used 

Thirty typical commercial soaps (toilet, " medi
cated," glycerin, coco, washing (laundry), and 
shaving soaps) and six popular synthetic soapless 
detergents were investigated. The commercial 
soaps were the same as those used in previous 
lllvestigations [2, 3]. Of the soapless detergents, 
two (D 1 and D5) are reported by their manufac
turers to be nonalkaline compounds, one (D6) as 
containing "a special ingredient that dissolves 
grease on contact," and one (D2) as a new kind of 
soap. The active principles of the soapless deter
gents D1, D3, D4, and D5 are probably a fatty 
alcohol sulfate, an alkyl-aryl sulfonate plus an 
alcohol sulfate, a sulfated monoglyceride of 
coconut oil, and an alkyl-aryl sulfonate, respec
tively. 

III. Experimental Tech niques 

Aqueous solu tions corresponding to 10, 5, 2.5, 
1.25, 0.625, 0.313 , 0.156, and 0.078 percent, by 
weight, of the soap or soapless detergent were 
prepared by dissolving the appropriate amount 

• Figurcs in brackets indicate the literature references at the end of this 
paper. 
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of t he soap (or soapless detergent) in hot (80° to 
100° C) distilled water. The solution was then 
cooled, transferred to a 250-ml volumetric flask, 
and fresh cold distilled water added until the 
solution reached the standard marlL 

1. Surfa ce Tension 

A du N ouy tensiometer was used for making 
surface-tension measurements. The platinum 
ring had a circumference of 6.014 cm and a ratio 
of Rjr equal to 53.5. The instrument was cali
brated against known standard weights and also 
against conductivity water. 

2. Electrica l Conductance 

The electrical conductance was measured with 
a dip-type conductivity cell, with a cell constant 
of 0.8307, and a conductivity bridge manufac
tured by the Solar Manufacturing Corporation, 
New York (model- RC1; 20 watts; 100 to 125 
volts; 50 to 60 cycles) . The null point was 
detected with the help of a magic-eye, which 
flickered when the switch multiplier was turned 
from one position to another, indicating that the 
null point occurred in that region. The multi
plier was then kept steady and the resistance dial 
moved until the green portion of the magic-eye 
receded to a maximum. This was the null point. 
In the absence of accurate knowledge of the exact 
equivalent weights of the commercial soaps and 
soapless detergents, values for the specific con
ductance rather than the equivalent conductivity 
have been calculated and are presented in this 
paper. However, the data in figure 2 were cal
culated by the equat ion 

weight conductance 
1,000 X K 

C ' 

where K equals specific conductance, and C equals 
weight of soap or soapless detergent in grams per 
liter. This was done to obtain curves similar to 
those that would be obtained if equivalent ·con
ductance were plotted. 

3. pH 

The pH of the various soap and soapless deter
gent solutions was measured with a glass-electrode 
pH meter. The instrument was standardized 
against standard solutions of Borax (pH equals 
9.18 at 25° C for a O.Ol-molar solution). 
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4. Opacity 

The opacity of the various solutions was meas
UTed with a Klett-Summerson photoelectric color
imeter. A projection type of electric lamp (100 
watts; 110 volts) fitted with a green filter (540 
millimicrons) was used as the ource of light, and 
the CUTrent produced by the photocells was 
measured by means of a suspension wire type of 
galvanometer. The opacity of the system, that is 
the reciprocal of the intensity of transmitted light, 
was measured in terms of the divisions on the 
potentiometer slide-wire that are necessary to 
nullify the potential applied to the galvanometer. 

5. Foaming 

The rate of growth of foam was determined by 
measuring the height to which the foam rises under 
a standard bubbling rate. The bubbler was pre
pared as follows. A glass tube, Ys in. in diameter 
and 18 in. long, was sealed at one end with small 
pieces of copper wire (0.01 mm diameter) fused 
into it. When the end of the tube had cooled it 
was dipped into nitric acid, which dissolved the 
copper wire and left 20 fine holes of uniform 
diameter. The open end of the tube was then con
nected to an air-pressUTe valve via a flow regulator, 
and the bubbler was dipped into a 1,000-ml meas
UTing cylinder containing 200 ml of the solution to 
be tested. The time was noted on a stop watch. 

IV. Results and Discussion 

Data for aqueous solutions of some typical soaps 
and soapless detergents are presented in figures 1 

o 4 6 8 10 

CONCENTRAT ION • WEIGHT '0 
FIGURE 1. Variation oj surJace tension with concentration. 

o T3 toilet so~p; e Cl coco soap; !::, 02 glycerin soap; ... W5 washing soap; 
o 85 sha\' ing soap; • D5 soapless detergent. 
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FIGURE 2. Variation oj specific conductance with con
centration. 

o T3 toilet soap; e Cl coco soap; !::, 02 glycorin soap; ... W5 washing soap; 
o S5 shaving soap; • D5 soapless detergent. 

to 4, in which the surfacc tension, weight con
ductance, pH, and opacity of the various solu tions 
are plotted with respect to concentration. D ata 
for all the soaps and soapless detergent solutions 
at a concentration of 2.5 percent are presented in 
tables 1 and 2, since such a tabulation permits 
quick comparison and evaluation. 
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FIGURE 3. Variation oj pH with concentmtion 

o T3 toilet soap; e Cl coco soap; !::, 02 glycerin soap; ... W5 washing soap; 
o S5 shaving soap; • D5 soapless detergent. 

1. Surface Tension 

The curves obtained by plotting surface tension 
with respect to concentration are very similar for · 
the various toilet soaps but differ somewhat from 
those for the coco, glycerin, washing, and shaving 
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TABLE l. Some physical-chemical properties of 2.5 percent 
aqueous soap solutions 

Specific Surface Rate of 
Soap conduct· tension pH Opacity growth 

ance of foa m 
---- ------------

Time in 
Klett sec!''1'Id.~ 
sC7le per 100· 

mhos dwi- fli,d.~ion 
Toilet : x 10' D!mes/em sions rise 

TL . ________ _____ 25.96 31.1 10.18 600 17 
T2 __ ____ ______ ___ 27.70 31. 5 9.93 284 19 
' ['3 _______________ 25.10 30.0 9.66 420 18 
T4 _______________ 29.67 31. 7 10. 10 455 19 
'1'5 .. _____________ 23.34 34.0 10.18 2\~ 18 
1'6 _______________ 26.37 31.6 10.18 310 19 
1'7 _______________ 23.73 33. 4 10.00 750 19 
1'8 ____________ __ _ 32.21 31. 7 10.04 163 19 
1'9 _______________ 21. 58 32.5 10.02 650 19 
1'10. _____________ 31.35 30.8 9.95 82 20 
1'1 L _____________ 30.21 31. 9 10.22 245 20 
T12 ________ ____ __ 29.67 33. 1 10.05 480 19 

Ooco: 
01. ______________ 28.05 28.7 9.2.3 19 
02 _______________ 25.96 28.2 9.11 19 

Glycerin: 
01. ______________ 30.77 33.5 9.93 200 19 
02 _______________ 31. 35 35.2 10.07 170 19 

"Men icated": 
ML ______________ 27.24 33. 1 10. 20 105 23 
M2 .... ___________ 27.70 33.0 10.10 140 20 
M L ____________ 27.24 32.6 9.92 350 25 

'Washing (laundry): 
W L. .. ___________ 30.77 29.7 9.80 60 20 
W2 .... ________ __ _ 51. 93 36. 1 10.41 47 19 
W 3 .... __________ _ SO. 35 . 33.6 10.42 80 20 
W 4 .. .. ___________ 53.60 37.0 10.42 23 22 
W 5.. .. __________ _ 30.77 33.8 9.73 21 18 

Shaving: 
S1. .. _____________ 29.67 34.0 10.10 900 20 
S2 ________________ 28.16 31. 2 9.75 475 22 
S3 .. ______________ 28.16 37.2 10.19 425 22 
S4 .. ______________ 29.15 31.1 10.00 750 20 
S.1 __ ______________ 24.43 38.8 10.05 530 19 
S6 .. __ ____________ 29.15 32.8 10. 16 850 20 

soaps. Solutions of th e toilet. soaps are charac
terized by a very low value of surface tension at 
small concentrations (about 0.1 to 0.2 %), which 
increases to a maximum value around 1.25 percent 
of soap content. The surface tension then de
creases slowly to a minimum value, around 2.5 
percent of soap, which either remains constant or 
increases very slowly as the soap content is in
creased. The curves thus show two minima, 
around 0.1 to 0.2 percent and 2.5 percent of soap_ 

The solutions of coco, glycerin, washing, and 
shaving soaps are characterized by the surface 
tension passing through a minimum value in very 
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dilute solutions (about 0.2 to 0.3 % of soap), 
and then following a somewhat irregular and in
definite path up to about 1.25 percent. The 
value of surface tension then increases somewhat 
to reach a maximum, which is either retained or 
decreases slightly as the concentration of the soap 
is increased. In contrast to the data for solutions 
of the toilet soaps, solutions of this group of soaps 
do not show a second minimum around 2.5-percent 
concentration. 

In either case, tb e minima in the region of lower 
concentration are due to the surface film being 
saturated with a single layer of soap molecules, 
whereas the minima in the r egion of higher con
centration indicate the formation of soap micell es 
with single or multiple charges. The steady value 
of surface tension obtained beyond a concentra-
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FIG URE 4. Variation of opacity with concentration. 

0 1'3 toilet soap; . 01 coco soap; l;. 02 glycer in soap; .... W5 washing soap; 
o S5 shaving soap; . D5 soepless detergent. 

TAB LE 2. Some physical-chemical properties of 2.5-percent 
aqueous soap/ess detergent solutions 

Sl)ecific Surface Rateof 
Detergent conduct- tension pH Opac ity growth 

ance of foam 
------ ----_.-

Time in 
l aelt seconds 
sl:ale per 100-

mhos divi- dt'Jision 
x 10 ' Dynes/em sions rille 

DL __________________ 138. SO 29.5 7.51 1 21 
D2 .. ________________ _ 48.88 31. 8 9.68 375 21 
D3 ___________ .. ______ 138.51 28.2 9.29 120 21 
DL __________________ 184.60 30.3 6.10 5 20 
D 5. __________________ 166.20 31. 4 5.13 63 20 
Do _________ _______ ___ G1. 55 33.5 10.70 185 24 
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tion of about 2.5 to 4 percent of oap indicates 
that both the smfaee and the interior of the system 
are saturated with respect to the charged micelles. 
The exhibition of two regions of minimum smface 
tension for solutions of the toilet soaps and of only 
one such region for solu tions of other types of 
soaps is probably to be explained as being caused 
by the presence of many sizes and kinds of colloidal 
particles in the former and of a constant particle 
size in the latter. 

The solutions of the soapless detergents are 
characterized by a continuously decreasing value 
of smface tension with increasing concentration, 
an almost constant value being reached after 
about 1.25 percent. The shape and natmc of the 
cmves for the solutions of the soapless detergents 
are thus very different from those for the soap 
solutions. It seems reasonable to conclude from 
these data that the concentrations at which mono
layers and ionic micelles are formed are much 
lower for the soapless detergent solutions than 
those for the soaps. In terms of washing action, 
this may be interpreted as indicating that at lower 
concentrations the soapless detergents are better 
surface-active cleansing agents than the soaps. 

2. Electrical Conductance 

In the absence of data regarding exact equiva
lent weights of the soaps and soapless detergents , 
values of the specific conductance rather than of 
equivalent or molar conducitivity have been 
presented in tables 1 and 2, and values of the 
weight conductance were plotted in figme 2 (see 
p. 363) . The curves in figure 2 show that the 
conductance for the various soap solutions rises 
rather sharply in dilute solutions to a maximum 
around 0.25 percent and then decreases to about 
2.5 percent, beyond which an almost constant 
value is obtained. The decrease in conductivity 
is due to the replacement of ions by colloidal 
particles which, although conducting, have a lower 
equivalent conductivity than the ions from which 
they are formed. The variations in the regions of 
maxima for the different soap solutions is probably 
caused by the presence of many sizes and kinds of 
colloidal particles in equilibrium with one another 
and to the shifting of the equilibrium position 
with concentration and soap type. 

Whereas soap solutions exhibit a high electrical 
conductance in dilute solutions and low and de-
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creasing values with increasing concentration, 
solutions of the soapless detergents are character
ized by very high values of conductance, whi ch 
decrease rapidly up to 0.5 percen t, then increase up 
to about 2 percent and finally decrease slowly with 
increasing concentration. The formation of col
loidal particles thus appears to take place at very 
low concentrations in solutions of the soapless 
detergents, and the relatively high. charge carried 
by them tends to make them better cleansing 
agents than commercial soaps in solutions of 
similar low concentrations. 

3. pH 

The pH-concentration curves in figure 3 show 
' that the values of pH for the soap solutions in
crease very sharply at low concentrations up to a 
maximum around 0.2 percent, followed by an 
equally sharp decrease and a minimum between 
1 to 2.5 percent. A further increase in the con
centration of the soap does not appreciably change 
the pH value. 

Table 1 shows that the values of pH average 
about 10 for solutions of different soaps at a con
centration of 2.5 percent. The presence of excess 
alkali in aqueous soap solutions favors the forma
tion of ionic micelles [6] and helps to clarify the 
solutions by driving back hydrolysis and simul
taneously increases the viscosity of the system. 
The relatively high alkalinity of the various soap 
solutions is caused by their readiness to hydrolyze 
in water and also by the free (unreacted) alkali 
in the commercial products. In either case, the 
alkali has an irritating effect upon the skin. 

The solutions of the soapless detergents may be 
either acidic or alkaline, depending upon the nature 
of the major constituent of the products. As with 
the alkaline soap solutions, irritation to the skin 
may be caused by these alkaline or acidic solutions, 
and likewise solutions of these soapless detergents 
would seem to be best used in greater dilution. 

4 . Opacity 

The opacity-concentration cmves for the various 
soap-water systems are shown in figure 4 and 
indicate that the solutions at lower concentra
tions are clear and transparent. With increasing 
concentration the solutions become at first cloudy 
and translucent, and then dense and opaque at 
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higher concentrations. It is presumptuous to 
attribut,e the turbidity of the soap solu tions to 
their colloidal nature alone, because perfectly 
transparent solutions of various colloidal materials 
and translucent to opaque systems of crystalloidal 
substances are obtainable. Also, the insoluble 
acid soap may sediment out almost entirely on 
standing, leaving the bulk of the soap in a clear 
transparent solution, or it may remain partly 
or wholly suspended in particles whose dimensions 
range all the way from coarse suspensions down 
to the smallest resolvable particles. 

In concentrated as well as dilute solutions, the 
opacity of the coco and glycerin soaps is su bstanti
ally low. The former made from coconut oil, 
have a high laurate-myristate content; the opacity 
of solu tions of soaps of the lower fatty acids is 
lower than that for corresponding solutions of 
soaps of the higher fatty acids. The high trans
parency of thf' glycerin soap solutions probably 
results from the presence of glycerin and sugars 
that are adsorbed on the surface of the soap 
particles and suitably change the index of 
refraction. 

Solutions of the soapless detergents exhibit a 
very high transparency at both low and high 
concentrations. The initial low values of opacity 
occur in regions of concentration in which there 
is low surface tension and relatively high electrical 
conductance, and is probably due to the forma
tion of monolayers and primary aggregates of the 
detergent molecules. The slight increase in 
opacity that starts around 1.25-percent concen
tration corresponds to the region in which the 
surface tension reaches a constant value, and the 
weight conductance levels off and then decreases. 
This is probably to be ascribed to the formation 
of secondary aggregates and ionic micelles. 

5. Foaming 

Measurements of the height to which the foam 
rises when a standard bubbling rate is employed 
indicate that there is no appreciable change in 
the rate of growth of foam with variations in the 
concentration of a given soap or soapless deter
gent. However, the rate is probably slightly 
slower in dilute solutions and somewhat faster in 
concentrated solutions. 

The first signs of foam formation are shown in 
solutions containing approximately 0.0035 percent 
of soap, but at this extremely low concentration, 
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the foam is very unstable and breaks down as 
soon as it is formed. Relatively stable foam is 
produced beyond about 0.007 percent. The for
mation of foam in these extremely dilute soap 
solut ions shows that the stabilizing action of ad
sorption layers attains its maximum at surface 
concentrations much below the saturation of the 
surface layer (about 0.1 to 0.2%). This stabiliza
tion arises not only by a mere enhancement of the 
mechanical properties of the surface layer, but 
also by a certain degree of mobility of the stabiliz
ing molecules necessary for the rapid bridging of 
ruptures in the surface layers . 

The foam produced from solutions containing 
0.078 to 10 percent of soap or of soapless detergent 
is very stable and remains almost unchanged for 
an hour or more if the system is not disturbed by 
mechanical or thermal agitation. The require
ments for a stable foam, enabling the bubbles to 
withstand mechanical shocks, are a lowering of 
the boundary tension by adsorption and suitable 
mechanical properties of the adsorbed stabilizing 
film . It is worth while remembering, however, 
that the power of foaming is not always or entirely 
to be ascribed to low surface tension. For in
stance, saponin solutions, whose surface tensions 
are only slightly less than that for water, have a 
very great power of foaming on account of the 
formation of a solid or highly viscous film of an 
adsorbed material on the surface. It should be 
very worth while to examine' the decay of foam 
under standard conditions of agitation and the 
stability of single bubbles liberated beneath the 
liquid surface, in the case of both the commercial 
soap and soapless detergent solutions. 

6 . Correlation with Data on the Phase Nature and 
Structure of the Solid Soaps 

X-ray diffraction studies of commercial soaps 
have shown [2] that the toilet and "medicated" 
soaps consist essentially of beta sodium palmitate 
and small amounts of omega sodium oleate, the 
coco soaps consist primarily of omega sodium 
laurate and sodium myristate, the shaving soaps 
consist essentially of two or more distinct phases 
(alpha, and/or beta, omega, and del ta) of sodium 
palmitate, and the constituents of the glycerin and 
washing soaps are rather indefinite, the latter being 
probably in the omega phase. Electron micro
scopic investigations [3] also indicate that sodium 
palmitate may be in the washing soaps. 
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l1li With a view to obtaining some information 
regarding the general physical-chemical properties 
of the solid soaps and their phase nature, some 
qualitative experiments were conducted on . the 
hardness of the soaps, their solubility, and their 
reaction to water. In general, it was found that: 

The hardness of the soaps, based on the resist
ance offered to the fine edge of a steel spatula on 
application of a 100-g load, decreases in the 
following order: Toilet, "medicated", washing, 
shaving. 

The solubility of the coco, glycerin, and "medi
cated" soaps in warm water is the greatest of the 
groups and decreases in the order: coco, glycerin, 
medicated. The shaving soaps are more soluble 
than the toilet soaps and give transparent to 
translucent solutions on cooling, whereas the solu
tions of the toilet soaps set to opaque gels or curds. 
The solubility of all the five types of soaps is, 
however, relatively low in cold water and in lutrd 
water. 

The percentage of soap rubbed off the cake 
(bar), when used in water against a laboratory 
towel, decreases in the following order: Shaving, 
toilet, washing. 

On standing with water, the toilet and shaving 
soaps swell and disintegrate, whereas the washing 
soaps crack somewhat with little or no swelling . 

Data in tablcs 1 and 2 show that the valucs of 
most physical-chemical properties are distinctly 
different for solutions of soaps as against those of 
the soapless detergents. Aside from this, the most 
striking behavior is perhaps the ability of the 
soapless detergents to dissolve rapidly and work 
in cold as well as in hard water. A considerable 
part of the soap used in household applications is 
probably employed to soften hard water in order 
to make the additional soap effective. On the 
contrary, the soapless detergents usually 'work 
equally efficiently in hard and in soft water, none 
being wasted in the task of softening the water. 

7 . Micelles and Their Applications in Cleansing 
Action 

There is some difference of opinion as to the 
origin, manner of formation, structure, size, etc. 
of the colloidal aggregates termed loosely as 
"micelles". McBain [7] postulates at least two 
types of micelles (ionic and lamellar), whereas 
Hartley [1] postulates only one, namely, the ionic 
micelle. Solutions of different colloidal electro-

Properties of Solutions of Detergents 

lytes exhibit different phenomena with varying 
concentrations, and this behavior can be explained 
only if one assumcs the existence of more than 
one type of micelle. It is the general belief that 
the ionic micelle in soap solutions, which is of 
significance in the present investigations, con
sists of a 100 e spherical aggregate of the paraffin 
chain ions with the polar groups oriented toward 
the aqueous phase. R ecent investigations by 
Mattoon, Stearns, and Harkins [5] have shown 
that aqueous solutions of soaps and soapless de
tergents give a Bragg spacing that is independent 
of concentration and that is equal approximately 
to the double length of the molecule . They have 
designated this as the micelle thickness, their con
ception of a micelle being cylindrical, rather than 
spherical or lamellar. 

The evidence for the existence of ionic micelle 
in solutions of commercial soaps and soapless 
detergents is based primarily on data on electrical 
conductance and surface tension. The former 
show the formation of micelles by the rapid de
crease in conductivity with increasing concentra
tion- the ionic micelles have a lower conductivity 
than the ions. Surface-tension data indicate the 
formation of monolayers of soap molecules on the 
surface of the solutions at very high dilutions and 
the formation of colloidal aggregates (ionic 
micelles) at slightly higher concentrations. Elec
trical conductance and surface-tension data for 
the solutions of the soapless detergents indicate 
that micelle formation reaches a very high value 
a.t relatively high dilutions. 

The mechanism by which solutions of soaps 
and soapless detergents dissolve relatively insol
uble substances, such as grease and dirt, can be 
explained simply in terms of either concept of the 
ionic micelle and the action of mixed monolayers: 
(a) the hydrocarbons in the dirt are dissolved in 
the interior of the micelle; (b) the polar com
pounds in the dirt are removed by adsorption on 
the surface of the micelle, with the hydrocarbon 
part inside the micelle and the polar groups in the 
aqueous phase; and (c) compounds that are soluble 
in water but insoluble in hydrocarbons are taken 
up by the polar group of the micelle and thus act 
as peptizing agents. 

Since the degree of solubilization is related to 
the number and size of the micelles present [8], it 
seems reasonable to conclude that greater solu
bilization and hence more efficient cleansing may 
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be achieved by usmg soaps m concentrations 
ranging from 2.5 to 4 percent and soapless deter
gents in less concentrated solu tions (about 1.25% 
or less) . 
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