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Myristate and Laurate
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Following Mc Bain’s! positive evidence that soaps in water solution form
colloidal systems, intensive investigation has been directed toward the eluci-
dation of the structure of these colloids. The ability of soap aggregates —
the micelles — to bring water insoluble substances into solution, as well as
their réle as primary reaction loci in emulsion polymerization, has further
increased the interest in their structure.

It is now certain that the association of soap into colloidal micelles occurs
in gteps **. Below a limiting concentration the solutions behave as ordinary
electrolytes. Above this critical concentration (the concentration is reduced
with increasing chain-length) lies a region of small, truly spherical, micelles.
At still higher concentrations there are large roentgenographic micelles *,
which are aggregates of a lamellar structure, with water intercalated between
sheets of polar groups.

The exact size and shape of the micelles existing above the critical con-
centration are still in question. Furthermore it has not been ascertained
whether two different kinds of micelles really exist, or whether possibly only
the degree of association is increased with increased concentration %-°.

This paper reports an investigation of the molecular weights and shapes
of the micelles of potassium myristate and laurate in salt solutions of various
ionic strengths, as determined by sedimentation, diffusion and viscosity
measurements.

DETERMINATION OF DEGREE OF SOLVATION

When using sedimentation and diffusion measurements to determine the
degree of association of soaps it is quite necessary to have information about
the density of the soap micelles. Soap dissolved in salt solution is always
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more or less solvated and in order to calculate a correct molecular weight one
has to know the partial specific volume of the complex, soap-water. The
degree of solvation, k, was determined by the method of McBain and Jenkins 11,
which is based on the assumption that the water of solvation is free of salt.
In this method the soap solution is slowly pressed through an ultrafilter (vis-
cose membrane) and the amount of salt in the filtrate measured. At any
time during the filtration the concentration of salt in the filtrate is equal to
the concentration of salt in the original solution exclusive of the amount of
soap and solvation water; that is

, ¢
CTIa + k) (1)
where
¢’ = concentration of salt in filtrate in g/g of solution.
¢ = » » » » original solution in g/g of solution.

a = amount of soap in g/g of solution.
k = degree of solvation in g/g of soap.
Solving equation (1) for k gives

¢ —c

k= 1 | @)

a-c

At the high salt concentrations used here the amount of unassociated
soap passing into the filtrate has been disregarded. The salt concentrations
were determined gravimetrically. The following salt solutions were used:

Molar composition Ionic strength
0.4 M KBr + 0.1 M K,CO,4 0.7
08M » +01M » 0.9
1.0M » +01 M » 1.1
1.6 M » +01M » 1.9

The soaps were prepared by neutralizing the corresponding acids (Schering-
Kahlbaum “reinst’’) with fresh alcoholic potassium hydroxide and recrystalli-
zed from acetone. The results of these measuremets are given in Table 1.
The values are averages of several determinations and refer to a soap con-
centration of 1.0 per cent by weight. The limits of the experimental errors
have been calculated assuming that ¢ and ¢’ can be determined with an
accuracy of 0.1 per cent and a with an accuracy of 0.2 per cent. The solvation
shows a dependence on soap concentration, which is especially pronounced
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Table 1. Degree of solvation of K-myristate and K-laurate at different ionic strengths.

Soap u k glg soap
*
K-myristate 0.7 1.7 4 0.4
» 1.1 0.9 & 0.2
» 1.3 0.8 + 0.2
K-laurate 1.1 1.1 4 0.2
» 1.9 0.7 4 0.15

at low soap concentrations when the amount of salt is high, the k-values
decreasing rapidly. Measurements in this region, however, are very unreli-
able.

PARTIAL SPECIFIC VOLUME
The calculation of the size and shape of the micelles requires knowledge

of the partial specific volume of the components in the solution. The centri-
fugal force acting on an unsolvated particle is given by

M, (1 — TV, 0) o (4)

where M, is the molecular weight of the particle, ¥V, is the partial specific
volume, ¢ the density of the solution, w the angular velocity of the centrifuge
rotor and z the distance from the centre of rotation. Kraemer? has shown
that in a case where the sedimenting particle is solvated, the centrifugal force is

M, (1 —V,0) 0 (5)

where M, and V, respectively denote the molecular weight and the partial
specific volume of the solvated particle. These two quantities are given by

M, =M, (1+2k) (6)
Vl + Zk{ii;
V=" @

k; is the degree of solvation of component 7 expressed in g/g of substance.
¥, is the partial specific volume of component i. If the partial specific volume
of the unsolvated particle, V,, is used in moleculer weight calculations, the
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Fig. 1. Specific volume (vy3) v8.
degree of solvation, according to

formula (8 ).
I: K-myristate
II: K-laurate

0.900 0950 Vi3

error introduced in the molecular weight is eliminated by extrapolation to
infinite dilution only in case of binary solutions (Kraemer 3). Thus for all
multicomponent systems the partial specific volume of the solvated particle
must be used in the calculations. This is especially important for concentrated
salt solutions, and when Vp is near to unity.

The conditions under which the sedimentation of soap micelles can be
performed are limited. A concentrated salt solution must be used in order
to increase the numerical value of the Archimedian factor, 1 — Vp, and be-
cause V for solvated micelles is near to unity. In this case especially an accurate
calculation of the degree of association is impossible without information
about the partial specific volume of the solvated micelles.

In some cases the specific volume of the solvated particles can be used
instead of the partial specific volume. This is true when the specific volume
of the solution is a linear function of the specific volumes of the components.
In such a case the specific volume, v, of the solvated micelle is given by the
following formula according to Adair and Adair 4

vig = (v, + kfo)/(1 + k) | (8)

v i8 the specific volume of the unsolvated micelle and p is the density of water.

The specific volumes of the solid soaps were measured pycnometrically in
toluene. The values 0.833 cm?/g and 0.898 cm3/g were found for potassium
myristate and laurate respectively. In Fig. 1 v, from equation (8) is given
as a function of the degree of solvation.
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However, it is known that soaps in a solid and a dissolved state show
remarkable differences in specific gravity. Thus a water solution of cetyl-
pyridinium chloride has a lower density than pure water though this substance
in the solid state is heavier than water 8. Therefore, it is necessary to determine
the partial specific volume of the soap in every medium used.

All determinations of partial specific volumes were made in a pycnometer
containing about 44 cm? of solution. The following notations are introduced:

¢; = concentration of soap in g/g of solution.

Cy = » » salt » ooy »
C3 = » » water » » » »
2, = amount of soap in g.
Zy = » » salt » ».
Ty = » »  water » »
V, = partial specific volume of soap in cm3/g.
Vo= » » » salt »  »
Vy= » » » water »  »
V = total volume of mixture in cm3.
v = specific volume of mixture in cm?/g.
Then
Z Ty Z3

o = (9)

—— e Gy = s Gy . e}
®y + 2 -+ x5’ 2 + %y 4 x5’ Zy + Ty + 25

and consequently

6+ + =1 (10)
Furthermore
vV
—- 11
v Ty 4 Xy 4 ah
and by definition
V,=0V/[dx,; Vy =9V /[day; Vy = IV oz, (12)

Introducing v instead of V in equations (12) we obtain

Kl=v+(xl—l—x2-{—x3). dv[dz (13 a)
Kz=”+(x1+x2+xs)-9”/ax2 (13 b)
Ve =0+ (%, + @ + x3). I v/ 9 x4 (13 ¢)

Eliminating z;, 2, and x; by means of equations (9) and taking equation (10)
into account we finally obtain
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Vi=v+ (1 —¢) - djdc, — cy - I[dc, - (14 a)
Vo=1v—0c,-jde; + (1 —cy) - Ifdc, . (14Db)

Vs =v—c¢, - dvfdc, — cy - Iv|dc, (14 c)

If we want to determine only V,, it is advantageous from an experimental
point of view to keep the ratio c,/c; constant. Then

. dv
Vi=v4+(1—¢) cﬁl (15)

which is the same formula as for a binary system.

For a ternary system where a complex is formed between components
1 and 3 we are interested in the partial specific volume, V,,, of the complex.
Using the symbols

k= amount in g/g of component 3 bound to component 1.
ths = %; (k 4- 1) = amount of complex in g.
Yy = T, = amount of component 2 in g.

Y3 = x3 — k - &, = amount of component 3 in g.
¢'y, ¢’y and ¢’y = concentrations of components in g/g of solution.

In the same way as before
Vig =9V /[y = v + (L —¢'y) - dfdc’y — 'y - Dv[oc, (16)

In this case the ratio y,/y; is obviously not constant even if the x,/x; is constant.
Thus the system cannot be treated as a binary one. Using the relations

ci=c (k+1); ¢’y =1cy ¢'3=1c3—k.c; (17)
the concentrations ¢ instead of ¢’ can be introduced in equation (16)

v 1 v
V13='v+-[l——cl(k—{—l)]*az;']‘*;:i’ji——629*—62 (18)

From equations (14a), (14¢) and (18) it is easily seen (Kraemer?) that

= . V1+k'73

= 19
13 F 1 (19)

which is a special case of equation (7).
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Fig. 2. Specific volume of the soap solution vs. concentration of soap.
a. K-myristate in 0.1 M K,COq4

b. » » 0.4 » KBr + 0.1 M K,CO4
¢. K-myristate in 0.8 M KBr + 0.1 M K2(703
d. » » 1.0 » » + 0.1 » »

. Fig. 2 illustrates the change of the specific volume of some solutions as a
function of the soap concentration in various media. In these measurements
the ratio, salt/water, was kept constant. But as the measurements have been
made at different salt concentrations it has been possible to calculate dv/dc,
and Jdvjde, = dv/dc, + ¢,/ (1 — ¢';) - dvjdc, at different values of ¢,. Equations
(14a), (14c) and (18 or 19) then give the required partial specific volumes.
These are given in Table 2.

It is evident from Fig. 2 that v is not always a linear function of the soap
concentration, in which case the partial specific volume will also be dependent
on concentration. The values given in Table 2 refer to the concentration range
0.005—0.01 g/g of solution.
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Table 2. Partial specific volume of soap solutions of various ionic strengths.

l
! ar .
Soap P - vy Vs Vi
; d oy
- i _ B
Kemyristate | 0.3 | —0.022 & 0.001 | 0.4793 & 0.0001 | 10021  0.0004
» | 0.7 | —0.008 & 0.001 | 0.9940 & 0.0001 | 1.0020 & 0.0005 | 0.999 - 0.0007
» | 0.9 | —0.020 + 0.001| 0.9826 + 0.0001 | 1.0027 & 0.0005 | 0.994 + 0.0007
) | 1.0 | —0.011 + 0.002| 0.9916  0.0001 | 1.0025 & 0.0006 | 0.997 4 0.0009
» | 11| —0.005 + 0.005| 0.9970 £ 0.0001 | 1.0020 + 0.0010 | 1.000 + 0.0008
» | 1.3 | —0.002 £ 0.010 1.0000 - 0.0002 | 1.0020 4 0.0020 | 1.001 = 0.0010
K-laurate | 1.1 | —0.031 £ 0.001! 0.9705 + 0.0001 | 1.0017 + 0.0005 | 0.987 -+ 0.0012
» L9 | —0.030 £ 0.001| 0.9713 £ 0.0001 | 1.0020  0.0010 | 0.984 + 0.0014

Instead of the partial specific volume, V¥, in the expression 1 — Jp
Mec Bain 2 used the density of the sedimenting particle, which can be determined
from a graph of sedimentation velocity versus the density of the medium by
extrapolation to zero sedimentation velocity. As pointed out by Lansing and
Kraemer 2° this method is reliable only if the change in density of the medium
has no influence on the sedimenting substance. From the measurements
obtained here it is obvious that the partial specific volume of the solvated
particle changes with the density of the medium and hence the method of
McBain cannot be used in soap investigations.

SEDIMENTATION MEASUREMENTS

As far as the author knows no valuable sedimentation measurements on
soaps have been published. The partial specific volume of the solvated mi-
celles is very near that of water; hence the sedimentation velocity is low and
the uncertainty of the measurements is high. Furthermore the light absorp-
tion method previously used to follow the sedimentation is in this case un-
suitable since the soap solutions do not obey Beer’s law.

The introduction of Lamm’s scale method 15, however, has made possible
a more accurate study of the sedimentation properties of the soap micelles.
The use of a medium consisting of low molecular electrolytes at a high con-
centration facilitates the measurements. Such a medium was used by Lamm 17
in his diffusion measurements on soaps. It has two advantages: firstly the
density of the medium will be higher and secondly the critical concentration 8
for micelle formation and probably also the transformation to roentgeno-
graphic micelles will be shifted towards lower soap concentrations.
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Fig. 3. Sedimentation diagrams of K-myristate in various media.
a. 0.27 % K-myristate in 0.6 M KBr + 0.1 M K,CO,

b. 0.9 » » » 0.6 » » 0.1 » »
c. 0.11 » » » 0.8 » » + 01 » »
d. 1.07 » » » 0.8 » » + 0.1 » »

In the sedimentation runs (Svedberg and Pedersen ) a rotor speed of
66 000 r.p.m. and a cell distance of 6.5 cm from the axis were used in all
measurements.

Since an alkaline medium increases the solubility of potassium soaps 7,
measurements were made in a mixture of 0.1 M K,CO; and 0.4—1.6 M KBr,
under which conditions a sufficient range of soap concentrations was possible
even at high salt concentrations. The temperature was 28°C. Reference
scales were always taken on the pure medium.

The data about the sedimentation experiments are given in Figs. 3—4.
The s-values are expressed in S-units and refer to the actual medium at
20° C. Reference to pure water can hardly be made because of the diffi-
culties encountered in determining the partial specific volume of the com-
plex soap-water in a salt-free medium. Correction has been made for the .
viscosity of the medium. A negative sign indicates that the sedimentation
occurs towards the centre of rotation. It has been possible to extrapolate
the sedimentation constants to zero concentration with a fairly high accuracy.
This procedure is an attempt to correct for the interaction between the
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Iig. 1. Sedimentation constant sy vs. soap concentration.

a. K-myristate at yu = 0.7

b. » » » = 0.9
c. » » » = 1.0
d. » » » = 1.1
e. » » » = 1.3
f. K-laurate » » = 1.1

micelles under the assumption that the micelles do not change with varia-
tions in concentration. The extrapolated values then give the sedimentation
constant which the micelles would have at any soap concentration if there
were no interaction between them. In Fig. 4 s,y is plotted as a function of
the soap concentration.

The sedimentation behaviour of the soap micelles is as follows. At the
ionic strength u = 0.7 the sedimentation constant of potassium myristate
increases with dilution within the whole concentration interval investigated.
At u = 0.9 anomalies occur and two components appear within the interval
¢ = 0.8—1.1 per cent. Below ¢ = 0.8 per cent only the slower component
is present. Its concentration dependence is very small. Whether both compo-
nents exist above ¢ = 1.1 per cent is uncertain. Due to the limited resolving
power of the centrifuge, the small difference in the s-values and unfavourable
density conditions a separation of the peaks may not be possible. At u = 1.0
the concentration dependence seems to increase slightly. A slower moving
component appears at ¢ = 0.4 per cent, and this is the only one present at
lower concentrations. Whether this slower component also exists at higher
concentrations cannot be judged because of the reasons given above. At
4 = 1.1 the two components are still present even at low concentrations.
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That component which originally had the higher sedimentation constant
has, however, at ¢< 0.3 per cent, an s-value which decreases rapidly with
dilution, and at a very low concentration the sedimentation seems to change
direction. The slower component is still present at ¢ = 1.1 per cent and may
persist even at higher values. Its concentration dependence is very low.
At p = 1.3 only one peak seems to exist. A tendency to separate can be
observed but the s-values were not reproducible. At high concentrations
salting out effects made the measurements very difficult. The sedimentation
constant starts to decrease at ¢ = 0.2 per cent and is zero at ¢ = 0.1 per
cent. Then it increases again and the direction of sedimentation changes.
This behaviour can only be explained as a change in the structure and partial
spec. volume of the micelles.

The concentration dependence of potassium laurate is very small (Fig. 4 f).
No separation into two peaks has been observed.

It is evident from Fig. 4 that the concentration dependence increases as
the amount of electrolyte in the medium increases. Using Gralén’s relation

s(c) = 8o/ (1 + &, - ¢) (20)

where s, is the sedimentation constant at infinite dilution, the following k-
values can be obtained

[ k,

Potassium myristate 0.7 0.29
1.0 0.44

1.3 0.53

Potassium laurate 1.1 0.19
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The change of s, with the ionic strength is given in Fig. 5. Curves I
and II refer to potassium myristate (fast and slow component respectively),
curve III refers to potassium laurate. The relationships are evidently linear
but they are very difficult to interpret because the partial specific volume
and also the density of the solution change with the ionic strength.

Evidently the increase in the sy,-values of the faster component of potassium
myristate with increasing ionic strength indicates a pronounced enlargement
of the micelles. This property of micelles has been shown earlier by Mattoon,
Stearns and Harkins!® and by Debye *. The degree of association of the
slower component in potassium myristate seems to be almost independent
of the amount of low molecular electrolytes present. The same is true for
potassium laurate; here also s, changes very little with the ionic strength.

DIFFUSION MEASUREMENTS

The first diffusion measurements on soaps were published some twenty
years ago. McBain and coworkers 22 studied the diffusion of potassium laurate,
sodium oleate and some sulfonic acids in water. Jander and Weitendorf 2
introduced sodium chloride and sodium hydroxide as low molecular electrolytes
in the diffusion of sodium laurate. They showed that the product of the dif-
fusion constant and the viscosity of the medium were independent of the
amount of low molecular electrolytes; this was in any case true at high con-
centrations of such electrolytes. Hartley and Runnicles 2 made measurements
on cetylpyridinium chloride in the presence of sodium acetate. The low solub-
ility of the soaps at ordinary temperatures made the measurements in a wider
range of concentrations difficult. This obstacle was overcome by Lamm 7,
who used an alkaline medium in his experiments on potassium salts of fatty
acids. He showed that the diffusion constant of potassium myristate was
about one tenth that of potassium laurate in the same medium. The measure-
ments performed in this investigation are a continuation of Lamm’s work.
The main problem here was to study the diffusion constant of these soaps as a
function of the ionic strength of the medium.

The experimental method developed by Lamm %5 has been used. From
Wiener’s equation 2, valid for an ideal diffusion, the diffusion constant can be
calculated in several ways. Of these the area method (giving D,) and the
moment method (giving D,) have been used. D, and D,, have units of 10~
cm?/sec. All the measurements were made by the free diffusion between solu-
tions differing in soap concentration by about 0.4 per cent. The levelling of the
solutions was very difficult because of the small difference in density (about
0.0003—0.0005 g/cm3). Some of the first measurements were made in a glass
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Fig. 6. Normal diffusion curves of soap solutions. Normal ideal curve (—Q—O— )

a. 0.4%(0.1% K-laurate at u = 1.9
b. 1.29%/0.8% » » » = 1.9
c. 0.69%/0.29% K-myristate » » = 0.9

cell of the same type as that used by Lamm in which the boundary is moved
in the tube until it has reached its correct position. This often has a blurring
effect on the boundary resulting in diffusion diagrams with poorly defined base _
lines. Furthermore an error in the real starting time is introduced. Later a,
cell according to Claesson % was used. This cell gives a sharp boundary and
also a correct starting time.

The results of the diffusion measurements are given in Table 3. In Fig. 6
the concentration gradient curves in normal coordinates are given for some of
the diffusion experiments performed. A comparison is here made with the
ideal (Gaussian) curve. In Fig. 7 the relation between D, and the ionic strength:
is given. Table 4 gives the concentration dependence of D,. All the diffusion’
constants refer to a temperature of 20° C and are corrected for the viscosity of
the medium.

From Fig. 7 and Table 3 it is evident that the diffusion rate decreases with;
increasing ionic strength. This tendency is more pronounced for potassium
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Table 3. Dependence of the diffusion constant on ionic strength.

K-laurate K-myristate

» Medium -

Dy D,, Dy D,,
0.3 | 0.1 M K,CO, - — 14.0 -
05 {02 M KBr + 01 M 11.0 — 6.0 6.0

K,COq

0.7 0.4 M —p— - — 3.6 3.6
0.9 |06 M —r— e — 2.4 2.4
1.1 10.8 M —»— 6.0 5.9 1.3 1.3
1.3 {1.0 M —»— 4.3 — 0.80 0.85
19 (1.6 M —y— 2.7 — — —
1.1 { 1.0 M KCl + 0.1 M KOH 7.9 7.6 — —
1.7 | 1.6 M KCl + 0.1 M KOH 5.9 6.4 - —

myristate than for potassium laurate. Evidently the diffusion rate is also
dependent on the particular anion of the electrolyte added. Thus in a medium
containing potassium chloride and potassium hydroxide the diffusion constant
of potassium laurate is considerably higher than in a medium consisting of
potassium bromide and potassium carbonate at the same ionic strength. In
regard to the dependence on the soap concentration, the diffusion constant of
potassium laurate increases as its concentration decreases. The opposite is
true for potassium myristate, except in the lowest concentration, where the
diffusion constant rapidly increases. This behaviour seems to be in agreement
with the results obtained in the sedimentation measurements; the numerical
value of the sedimentation constant decreases at low concentrations. Fig. 6

Fig. 7. Diffusion constant D, vs. ionic
strength.
I: K-myristate

. N , . II: K-laurate
0.5 7.0 75 20
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Table 4. Dependence of Dy on concentration.

Dy

c
per cent K-laurate K-myristate
1.6 M KBr+0.1 M K,CO; | 0.8 M KBr+0.1 M K,CO,3

1.2 /0.8 2.5 1.5
1.0 /0.6 - 1.4
0.8 /0.4 2.6 1.3
0.6 /0.2 2.7 1.3
0.4 /0.1 3.6 1.3
0.15/0 3.3 6.4

shows that in this concentration range the concentration gradient curve is
skew. Thus the diffusion measurements also indicate a change in the structure
of the micelles at low concentrations and high ionic strengths.

VISCOSITY MEASUREMENTS

The viscosities of the soap solutions were studied at a temperature of 30° C
in an Ostwald viscometer with an effluent time for water of 206 sec. at this
temperature. A correction for the influence of surface tension was applied
according to Drucker %

1+ K
Nret = Nrel obs ﬁ (21)
where K is a constant of the viscometer which accounts for the change in
hydrostatic pressure caused by the difference in the radius of the surface of
the liquid in the upper and lower part of the viscometer respectively; & is the
ratio between the capillary rise of the solution and the medium respectively.
The correction factor had a highest value of about 1.006.

The results of the viscosity measurements are given in Figs. 8 and 9.
From curves I—IV in Fig. 8 it is evident that the relative viscosity, 7,,, of the
potassium myristate solutions increases rapidly with increasing ionic strength.
The increase for potassium laurate is moderate (curves V and VI). The change
in intrinsic viscosity, #,,., is shown in Fig.9. An almost linear relation
between 7,,,, and ¢ seems to hold for potassium laurate even in a medium of
high ionic strength. For potassium myristate the curves are convex toward
the c-axis at u-values lower than 0.9 and concave at higher u-values. At
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Fig. 8. Relative viscosity as a function of Fig. 9. Dependence of Nsple UPON con-

. concentration. centration.
I: K-myristate at y = 1.3 I: K-myristate at y = 1.3
. II: » . » » = 1.1 II: » » » = 1.1
III: » » » = 0.9 III: » » » = 0.9
IV: » » » = 0.7 IV: » » » = 0.7
¥V: K-laurate » » = 1.9 V: K-laurate » » = 1.9
VI: » » » = 1.1 VI: » » » = 1.1

#-= 0.9 the concentration dependence is rather pronounced, with the slope of
the curves increasing rapidly with increasing ionic strength. A constant
slope seems to exist above a certain concentration: 0.3 per cent at u = 1.1
and 0.1 per cent at x = 1.3. These changes in 7, and 7, seem to be in com-
plete agreement with the results obtained in the sedimentation and diffusion
measurements. In order to obtain [7] = lim,_, sy, Of the “stable” mi-
celles extrapolation has been made from the linear part of the curves in
Fig. 9. The results are given in Table 5. For potassium myristate there is
a considerable increase in [%] with increasing ionic strength, whereas the
[7]-values of potassium laurate seem to be constant.
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Table 5. Dependence of intrinsic viscosity [n] on donic strength.

Soap 7 ]
K-myristate 1.3 0.45
» 1.1 0.20

» 0.9 0.05

» 0.7 0.02
K-laurate 1.9 0.04
» 1.1 0.04

SOLUBILITY OF p-DIMETHYL AMINOAZOBENZENE IN MICELLES

119

Kolthoff and Stricks % have shown that the solubility of p-dimethyl amino-
azobenzene in soap solutions increases considerably above the critical con-
centration. The solubility is a linear function of the soap concentration.
Some measurements were made in order to see the extent to which the two
components in potassium myristate solutions could cause an anomalous shape
of the solubility curve. The same technique as that of Kolthoff and Stricks

was used.

For pota,ssi{lm myristate in a medium with g = 1.1 a change in the slope
of the solubility curve occured at about 0.1 per cent of soap. At u = 0.7 the
solubility curve is a straight line for all concentrations used. For potassium
laurate at u = 1.9 the solubility increases at 0.04 per cent of soap. This con-
centration coincides with the critical concentration at this ionic strength.
Above 0.04 per cent the solubility curve is a straight line.

Fig. 10. Solubility of p-dimetyl aminoazo-
benzol (DMAB ) mgll.

I: K-myristate at pu = 1.1
II: » » » = 0.7
III: K-laurate » » = 1.9

OMAB m_q/;
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00f

501

1.0 % soax
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According to Ekwall 2 the saturation capacity of the micelles is defined by

mg/l dissolved substance

Ciot = Corit

where ¢, and c,, are the total and critical soap concentrations respectively.
From the data in Fig. 10 the following values have been calculated:

Potassium myristate:

Kolthoff and Stricks 2820
pn =01 2650
p = 1.1 ¢ < 0.1 per cent 2900
¢ > 0.1 per cent 3400
Potassium laurate:
Kolthoff and Stricks 1480
u=19 1750

The saturation capacity does not change greatly in different media. The
value for potassium myristate at soap concentrations less than 0.1 per cent at
# = 1.1 is about the same as the value given by Kolthoff and Stricks and the
value obtained at u = 0.7. At soap concentrations above 0.1 per cent the
saturation capacity is higher. This may indicate the existence of large micelles
within this concentration range. According to Ekwall the saturation capacity
increases above the critical concentration for the formation of roentgenogra-
phic micelles.

DEGREE OF ASSOCIATION AND SHAPE OF THE MICELLES IN
DIFFERENT MEDIA

From sedimentation and diffusion data the molecular weight can be
calculated according to Svedberg’s formula

RTs

M= D (l—Vg)_

(23)

Using the values of s, D and V,, referring to the solvated micelles at 30° C
and a soap concentration of 0.4 per cent, the molecular weights of the micelles
given in Table 6 were obtained. The molecular weights, M ,, of the unsolvated
micelles were then calculated from

M, = M,k + 1) (24)
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Table 6. <Molecular’ weight and degree of association of K-myristate and K-laurate in various media.

— Degree
Soap Medium p|1=Vis0 M, M4 M4 | of asso-
ciation

K-myristate | 0.4 M KBr+40.1 M K4COq4|0.7) — 0.038/ 130.000+ 15.000| 150.000| 48.000 180
» 0.6 » 0.1 » 0.9] — 0.049] 400.0004- 50.000| 530.000) 181.000 680
» 0.7 » 0.1 » 1.0| — 0.061] 560.000+ 65.000 | 620.000| 270.000{ 1000
» 0.8 »  +0.1 » 1.1} — 0.072| 840.0004 95.000 | 870.000 | 430.000, 1600
» 1.0 » +40.1 » 1.3 — 0.090| 1.550.000 +200.000 | 1.600.000 | 860.000| 3200
K-laurate 0.8 » +0.1 » 1.1} — 0.058 60.0004- 7.000 83.000( 27.000 110
» 1.6 » 401 » 1.9 — 0.119] 150.000+ 20.000| 170.000| 87.000| 360

where k is the degree of solvation. In Table 6 the degree of association is also
given. For the calculation of the correct degree of association, correction for
the solvation must be made. This is seen from a comparison of M," and M,
in Table 8. M’ is calculated from (23) using ¥, instead of V,, and differs
quite considerably from M ,. The limits of experimental errors given for the
molecular weights, M, are about 4- 12 per cent. The error introduced by s
and D has been estimated as 4 10 per cent, the error in V,; has been calculated
to contribute about 4 2 per cent.

As is seen from Fig. 11 the degree of association of the potassium myristate
micelles increases very rapidly with the ionic strength as soon as this exceeds
about 0.7. For potassium laurate the degree of association is moderately

No, soap mofec.

per_mic.
510
!
(7]
2.10%t o5¢
1-10°}
I
05 7.0 75 20w 1710° 210° 3-10°No. soap molee.

per mic.
Fig. 11. Degree of association vs. ionic  Fig. 12. Intrinsic viscosity [n] of K-myri-
strength. state as function of degree of association.

I: K-myristate
II: K-laurate.
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dependent on the ionic strength even at high u-values. The degree of associa-
tions corresponding to pure water (u = 0) have been taken from Mattoon,
Stearn and Harkins®. Fig. 12 shows that the relation between intrinsic
viscosity, [n], and the number of soap molecules per micelle is linear except at
low values of the degree of association.

The molar frictional coefficient, f,, of an unsolvated spherical particle is
given by Stokes’s law

3 1
fo = tnd ()™ e

The molar frictional coefficient, f, of the actual molecule is given by

RT — M, (1—Vi30)

f=D 8

(26)

Assuming equation (25) to hold even for a solvated spherical molecule we
get from equations (25) and (26):

v~ o Cov) ()" )

The quantity f/f, gives a relative measure of the asymmetry of the micelle,
the values calculated for potassium myristate and laurate are given in Table
7. Evidently the asymmetry is more pronounced the higher the ionic strength.

Table 7. The asymmetri factor flfy, calculated for K-myristate and K-laurate
n various media.

Soap Medium 1y
K-myristate 0.4 M KBr + 0.1 M K,COg 1.49
» 0.6 » + 0.1 » 1.60
» 0.7 »  +0.1 » 1.82
» 0.8 » 4+ 0.1 » 2.22
» 1.0 » 4+ 0.1 » 2.94
K-laurate 0.8 » 4 0.1 » 1.18
» 1.6 » + 0.1 » 2.12
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DISCUSSION

Among the existing ideas about the structure of the soap micelles, Hartley 8
represents the opinion that in dilute solutions the micelles are spherical and
contain a number of soap molecules proportional to the square of the chain
length. Only one type of micelle is present in the soap solution. Hess 3.,
Stauff 32, Philipoff 1® and Kiessig ¢ discuss two different types of micelles. The
small micelles are according to Stauff spherical and contain a comparatively
small number of ions, for instance about 120 for a soap with 16 carbon atoms.
An increase in concentration diminishes the hydration and dipoles are formed
on the surface of the micelle. A further association to large disc-like micelles
(Stauff gives dimensions of the order of magnitude of 250 X 2 500 X 2 500 A)
then eliminates these dipoles with liberation of energy. This arrangement is -
also favoured by the increasing repulsive forces between micelles in concentra-
ted solutions 3. Kiessig also regarded the large micelles as disc-like, consisting
of about 10 double layers of soap molecules. Philipoff considered the small
micelles as cylindrical and consisting of two parallel layers of molecules with
the ionogenic groups directed outwards. Later Harkins 3 accepted this form
both for the small and the large micelles. Addition of salt to the solution
changes the diameter of the cylinder. According to Debye ? the reason for
this is that the coulomb interaction decreases and then the van der Waal
forces cause increased association.

The results obtained in this investigation seem to be in agreement with the
view of Harkins. At increasing salt concentrations the degree of association
increases and judging from the f/f,-values the diameter of the micelles also
increases. Assuming the micelle to be cylindrical and the volume of a soap
molecule to be 445 A 3 (Stauff) we find that the diameter of potassium myri-
state micelles increases linearly from 46 A to 194 A when the ionic strength
is changed from 0.7 to 1.3. The thickness is assumed to be constant 48 A. In
this model of the micelles the water of solvation forms a mantle around the
associated soap molecules. Apparently there is no possibility of obtaining the
very large roentgenographic micelles according to Stauff in these low con-
centrations by increasing the salt content of the solution. The observed ano-
malies at low concentrations and at high ionic strengths show that the ordered
structure of the micelles disappears. The two components observed in the
sedimentation of potassium myristate indicate some sort of transition region.

SUMMARY

Physico-chemical measurements have been made on micelles of potassium
myristate and laurate in solutions containing potassium bromide and potas-
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sium carbonate at various ionic strengths. In these media the degree of solva-
tion, the partial specific volume, the sedimentation and diffusion constants
have been determined. The viscosities of the solutions have been studied and
also the ability of the micelles to dissolve p-dimethyl aminoazobenzene. From
the experimental data the degree of association has been calculated. The size
of the micelles increases with the ionic strength of the medium; this increase
is very pronounced for potassium myristate and rather moderate for potas-
sium laurate. The data obtained corroborate the belief that the micelles are
cylindrical dises.

This investigation is part of a research program carried out at the request of the
Government Commission on Industry.

The author wishes to acknowledge her indebtness to Professor The Svedberg for his
very kind interest and for the many facilities which have been made available.

The author also wishes to thank Professor Ole Lamm for his interest in this work and
for valuable discussions.
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