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The surface tension of aqueous NaBr solutions of dodecyldimethylammonium bromide has been mea-
sured by the drop weight method at different surfactant and NaBr concentrations. By applying the Gibbs ad-
sorption isotherm, surface excess densities of surfactant cation, Na+ and Br~ are derived as functions of sur-
factant concentration at different NaBr concentrations. The rational mean activity coefficients of surfactant and
NaBr are both approximated by a common expression satisfying the Brgnsted principle for mixed electro-
lytes and containing the ionic strength as a variable. Surface excess density of surfactant cation increases with
increasing surfactant concentration and has a general tendency still increasing even at the critical micelle
concentration. Some comparison of the behavior of surface excess densities of ions between the present bro-
mide system and the previous chloride system is made. The Corrin-Harkins plot for the critical micelle concen-
tration consists of two straight lines intersecting at 0.015 mol dm—3 NaBr.

We have recently established the thermodynamic
method for estimating surface excess densities of ionic
species or solute components on aqueous surfaces of
electrolyte solutions from measurements of their sur-
face tension as functions of solute concentrations.=9
This method is based on the Gibbs adsorption isotherm
for plane surfaces of dilute solutions and has been ap-
plied for aqueous solutions of mixed electrolytes hav-
ing a common counterion, such as aqueous NaCl solu-
tions of dodecyldimethylammonium chloride
(DDAC).4-®

In the present work we briefly review the thermody-
namic method, measure the surface tension of aqueous
NaBr solutions of dodecyldimethylammonium bro-
mide (DDAB), and apply the method to the experi-
mental data. We will be concerned with the Gibbs
adsorption isotherm for aqueous NaBr solutions of
DDAB, in which no micelles are yet formed. Then we
can derive the surface excess densities of three ionic
species. We will further examine the effects of counter-
ion species on the adsorption isotherms of ionic species
and the critical micelle concentration (cmc) and stand-
ard free energy of micellization of dodecyldimethyl-
ammonium ions, by comparing the present results
with those previously obtained for aqueous NaCl
solutions of DDAC.%

Theoretical

Let us denote a cationic surfactant and sodium halide
by DX and NaX, respectively, which have a common
halide anion X~. As we have already derived the Gibbs
adsorption isotherm for aqueous solutions of DDAC-
NaCl system,® we will here present brief derivation
of the Gibbs adsorption isotherm.

In terms of species present in solution, H20, D+,
Nat,and X-, we can represent the Gibbs adsorption
isotherm in the form

—dy = I'y,0dptu,0 + o-dups + Ingdptnar + Ix-dpx-,
(1)
where 7y is the surface tension of solution, I'; and u; are
the surface excess density and chemical potential of

species, 1, respectively. Introducing the Gibbs conven-
tion, I'u.0=0, the surface excess densities of ions have
definite values. Then, by means of the condition of
electroneutrality on aqueous surfaces

I'pe + I+ = I'x, 2)
we have the Gibbs adsorption isotherm in terms of
components

—dy = I'pdppx + I'nadpinax- (3)

The chemical potentials of solute components, DX
and NaX, can be expressed by their molar concentra-
tions, C and Cs, and from these expressions we obtain

Cc Cc
—dy =R . Jdl
’ T“(”cws)“ +gyg Twfdine

C,
n { — )['Na+}dln c,

c,
Pot(14 gy

b Foedlngy2t Iy d lnysiz], (4)

where R is the gas constant, T the temperature, and y+
and ys+ are the molar mean activity coefficients of DX
and NaX, respectively.

The molar mean activity coefficients of DX and NaX,
y+ and ys+, can be related to their rational mean activity
coefficients, f+ and fs+, by®®

;yi_ — s+ - Ow (5)
fr fux ~M-2M, MM, '
1000 1000 °
where M., M, and M;are the molecular weights of Hz20,
DX, and NaX, respectively, and p,, and p are the densi-
ties of water and solution, respectively.
As was demonstrated previously,® the rational mean
activity coefficients of DX and NaX can both be approx-
imately represented as a function of ionic strength,

Cc+C,,

PV C+C,
PR A M S + 6
1 Y romron + Bs(C+GCy), (6)

where the constants, P and Q, of the Debye-Huckel
electrostatic term are determined by the temperature

log fi+ = log fix =



1322

and the dielectric constant, and the ionic radius, a,
serves as an adjustable parameter.® The salting-out
constant, Bs, is characteristic of NaX.

Then we have following identities, which are abbre-
viated by n and 7, respectively:

B 0ln y,? _ a lnysﬁ)

7=(T50), = (FHe=). @
B Olnys2\  (0lny.u?

e = (— aC's )C B ( aCs )U. (8)

The change of surface tension of solution can be
formally related to the changes in concentrations of DX
and NaX by

—dy = RT(I"dInC + I',dInC,), (9)

where I and I{ are given by

, c c
I = (1+ e +7;c)rn. + ( ore. —HyC)FN,», (10)

C
1'7/ — 8
’ ( C+C,

C
+vscs)rn»+(1 1 G

CtC. +7ysCs>Fm¢. (11)

Solving equations 10 and 11, we obtain the surface
excess densities of two cations as

1 C
Iy = (1452 ) /
2T 249G+ G, (\ +C+Cs +1:Gs )
c ,
(%o
1 ( G ,
Py = 2+ 7C+7:Cs {‘\curcs +”SCS>F

c
1 ,
+ ( e +7yc)rs}, (13)
and that of an anion as

1

Fyo= —
X T 24 9C+ 3G,

I +ry, (14)

From Egs. 5 and 6, we obtain

(28,
aC )¢, 1000

(15)

o MMy M, —2M, .’
1000 1000 s
2{(@_ __Ms_—fﬁ}
ac; /¢ 1000
Ns = No — ’ (16)
C MM, M,—2M,
1000 1000 s
where
7o = 2303P _____ _ 46068,  (17)
(1+QavV' C+C,)2VC+C,

The density of aqueous NaX solution of DX is given
by

p = ps + (1-5p,)c, (18)

where ¢ (g cm™3)=MC /1000 is the weight concentration
of solution, p; is the density of solvent or aqueous NaX
solution, and 7 is the partial specific volume of surfac-
tant, DX. At surfactant concentrations lower than the
critical micelle concentration
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3\ _ (1-5p )M

(ac/o,— 1000 (19)

o\ _ TMC\ [ dp,

(36), = (=000 ) (56, ), 20)
Experimental

Materials. Dodecyldimethylammonium bromide
(DDAB) was prepared from pure N,N-dimethyldodecylamine
by passing dry HBr gas through its ethanolic solution and
recrystallizing the resulting crystals from 1:1 acetone-di-
ethyl ether mixtures three times. Commercial N,N-dimeth-
yldodecylamine was purchased from Tokyo Kasei Kogyo
Co., Inc., and purified by fractional distillation.

NaBr was of reagent grade from Wako Pure Chemical
Industries, Inc., and was ignited on an evaporating dish and
stored in a desiccator.

Methods. The surface tension of aqueous solutions
was determined at 25£0.01 °C by means of the drop weight
method, using a capillary tip of outer radius, r. The capillary
was kept perpendicular, and its upper end was connected
through rubber tubing to a burette, half-filled with water, so
that the drop formed on the capillary tip could be kept at a
desired size or released to fall at a desired instant by manipu-
lating the burette. The capillary tip was kept in a glass bottle
dipped in a water thermostat. Each drop was suspended on
the tip for over 3 min before being allowed to fall, and five to
ten drops of each solution were collected in a weighing bottle
for weighing.

Surface tension, y (mN m™!), of solution was calculated
from the weight, m, of a drop by the Harkins-Brown
equation’

y = (mg/r)F, (21)

where g is the gravitational acceleration (980 cm s~2) and F is
the correction factor, defined by V/»3, V being the drop
volume. The effective outer radius, 7, of the capillary tip was
determined by measuring the drop weight of distilled water,
by assuming its surface tension to be 71.96 mN m~1,7» and it
was found to be 0.3484 cm.

Density measurements of aqueous solutions were per-
formed on an Anton Paar Precision Density Meter, DMA 02D.
The temperature was kept at 2510.01 °C by circulating water
of constant temperature around the cell housing. The density
meter was calibrated by using distilled water and air as stan-
dards, by assuming their densities to be 0.99704 g cm—2 and
0.00119 g cm™3, respectively.

Results

Figure 1 shows the relation of surface tension, y, with
the logarithm of molar concentration of DDAB, log C,
at different NaBr concentrations, C;. Surface tension
decreases with increasing surfactant concentration at
concentrations up to the cmc, C,, and also with increas-
ing NaBr concentration. Values of I” can be obtained
from the slope of the surface tension curves by

, 1 ([ 9y
r= 1TT"< dlnC )C; (22)
At concentrations up to the cmc, we can apply the
expression of the Gibbs adsorption isotherm developed
above. At concentrations higher than the cmc, surface
tension always remains constant, which is designated as
Yo, and it is clear that 77=0 for C=C..



May, 1984]

20

log (C/ mol dm™)

Fig. 1. Variation of surface tension with the logarithm
of surfactant concentration at different NaBr con-
centrations.

C;/moldm-3: @; 0, O; 1x10-% M; 5x10-3, O;
0.01, ®; 0.02, @; 0.10, ©; 0.20, A; 0.50, A; 1.00,
[J; 2.00.

-4
log (Cs /mol dam™)

Fig. 2. Variation of surface tension with the logarithm
of NaBr concentration at different surfactant concent-
rations. (O: Constant surface tension, y,, at a given
NaBr concentration, obtained at surfactant con-
centrations higher than the critical micelle concentra-
tion.

—log C/mol dm—3: A; 2.0, B; 2.2, C; 2.4, D; 2.6,
E; 28, F; 3.0, G; 3.2, H; 3.5, I; 3.8, J; 4.0,
K; 4.3.

TABLE 1.

Surface Tension and Adsorption
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In Fig. 2 surface tension is replotted against the loga-
rithm of molar concentration of NaBr at different sur-
factant concentrations. The lowest curve gives
dependence of the constant surface tension on NaBr
concentration, the constancy being observed at surfac-
tant concentrations higher than the cmc. From the
slope of surface tension curves we can obtain values
of I by

e b ().
RT \dInC, /¢

Table 1 summarizes relevant numerical data at the
cmc derived from Figs. 1 and 2. With increasing
NaBr concentration, values of I’ at the cmc decreases
in the range of NaBr concentrations up to 0.10 mol
dm3, and then increases at higher NaBr concentra-
tions. On the other hand, values of I at the cmc in-
creases monotonously with increasing NaBr concen-
trations.

Figure 3 shows the density of aqueous NaBr solutions
of DDAB as a function of surfactant concentration. It is

(23)
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Fig. 3. Density of aqueous NaBr solutions of surfactant
as a function of its concentration (g cm~3). Arrows
indicate the location of the critical micelle concentra-
tions.

Cs/moldm=3: A; 0, B; 1x10¢ C; 1x10-3
5x10-3, E; 0.01, F; 0.02, G; 0.10, H; 0.20.

D;

CRITICAL MICELLE CONCENTRATION, APPARENT SURFACE EXCESS DENSITIES,

AND CONSTANT SURFACE TENSION AT THE CRITICAL MICELLE CONCENTRATION FOR
AQUEOUS NaBr SOLUTIONS OF DODECYLDIMETHYLAMMONIUM BROMIDE AT 25 °C

Cs c, I at C, I, at C, Yo

mol dm—2 mmol dm-3 10~ mol cm—2 "10-° mol cm—2 ‘mNm-1
0 11.1 8.96 33.6
1x10- 11.1 8.96 0.08 33.6
1x10-3 10.9 8.41 0.23 33.6
5x10-3 10.1 6.58 1.02 33.3
0.01 8.83 5.42 1.74 33.2
0.02 7.38 4.54 2.63 32.9
0.10 2.51 4.45 3.40 31.2
0.20 1.51 4.48 3.38 30.4
0.50 0.859 4.56 3.80 29.1
1.00 0.506 4.99 5.16 27.6
2.00 0.269 5.24 7.07 25.7
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TABLE 2. PARTIAL SPECIFIC VOLUME AND PARTIAL MOLAR VOLUME OF DODECYLDIMETHYLAMMONIUM
BROMIDE BELOW AND ABOVE THE CRITICAL MICELLE CONCENTRATION IN AQUEOUS NaBr soLUTIONS

C=C, C=G,
G b _ _v v v v
mol dm—3 mg cm™3 cm? gt cm?® mol-? cm® g “cm® mol-!
0 3.27 0.935 275.2 0.958 282.0
I x10-* 3.27 0.930 273.7
1x10-3 3.21 0.926 272.5
5x10-3 2.97 0.928 273.1 0.955 281.1
0.01 2.60 0.928 273.1
0.02 2.17 0.933 274.6 0.950 279.6
(a) dm—369 (0 Eq. 6. Then we can derive the surface
— T T T excess densities of surfactant cation, Nat and Br-.

(b)

Y ¥

OI =TAFERE =;;;;-aa;¥5{:;;;f:k—?

1 1 D
4 8 12
¢ / mmol dm®

Fig. 4. Adsorption isotherms of ions on aqueous sur-
faces at different NaBr concentrations. (a) I'p+ vs.
C, (b) I'ya+ (——--) and I'g,+ ( ) vs. C. Arrows
indicate the location of the critical micelle concentra-
tions.

Cs/moldm-3: A; 0, B; 1x10-% C; 1x103, D;
5x10-3, E; 0.01, F; 0.02, G; 0.10, H; 0.20, I; 0.50,
J; 1.00, K; 2.00.

seen that Eq. 18 holds well for the relation between the
density and surfactant concentration below the cmc,
and, as shown in Table 2, the partial specific volume of
DDAB is found to be 0.93 cm3 g—! at surfactant concen-
trations lower than the cmc, irrespective of NaBr con-
centration. Above the cmc, the slope of the density
curves becomes less steep, indicating that the partial
specific volume of DDAB abruptly increases beyond the
cmg, as shown in Table 2.
In applying Egs. 12, 13, and 14 we use the values
P=05115 Qa= 1316, B, = 0.075, (24)

where the value of B has been determined by adapt-
ing the tabulated activity data of NaBr up to 4.0 mol

Figure 4 shows the surface excess densities of ions
plotted against the surfactant concentration. It is
seen in Fig. 4(a) that the value of I+ increases
more rapidly and approaches the saturated value
at a low surfactant concentration, as the NaBr concen-
tration is 5X1073, 0.01, or 0.02 moldm=3 or it is
higher than 0.20 mol dm=3. When the NaBr con-
centration is 0.10 mol dm=3 or it is lower than 1X10-3
mol dm~3, I'n+ appears to increase without reaching
their saturation even at the cmc. It is seen in Fig. 4(b)
that the value of I's- increases without reaching its
saturated value except that the NaBr concentration
is 0.01 or 0.02 mol dm=3. The value of I'n.+ is very low
in its absolute value and is almost zero for all NaBr
concntrations.

Recently, it was found that the surface tension-
concentration curves of aqueous solutions of decylam-
monium chloride or dodecylammonium chloride show
a break point at a low surfactant concentration.8?
Such a break point can be more clearly observed when
the mixed adsorbed film is present.? The presence of
the break point gives the discontinuity to the surface
excess density of surfactant ion, indicating the estab-
lishment of equilibrium between two kinds of ““surface
phases.” In the present data such a break point is not
detectable at all NaBr concentrations and there is no
discontinuity in the surface excess density curves.

Table 3 gives the values of I'v+, I'na+, and I's-at the cmc
for different NaBr concentrations, and Fig. 5 shows
these values as functions of the square root of NaBr
concentration. With increasing NaBr concentration up
to 0.01 mol dm™3, the value of I'n- at the cmc decreases.
After passing the minimum, itincreases gradually with
increasing NaBr concentration.

Discussion

Surface Excess Densities of Ions. As shown in
Fig. 4(a), the surface excess density of surfactant cation,
I+, at several NaBr concentrations still increases with-
out reaching its saturation even at the cmc. Such behav-
ior was not observed in the DDAC-NaCl system.4® As
shown in Fig. 4(b), the surface excess density of Br—, I's:-,
also increases even at the cmc at several NaBr concentra-
tions. In the DDAC-NaCl system Ia- behaves in the
same way only at high NaCl concentrations.
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TABLE

3. SURFACE EXCESS DENSITIES OF SURFACTANT
cATION, Na* AND Br~ AT THE CRITICAL MICELLE

Surface Tension and Adsorption

CONCENTRATION
C;s I'y- at C, Iy at G, o I'g.- at C,
moldm=2 10-1° mol cm-2 10-1° mol cm~2 10-° mol cm~2
0 4.68 4.68
1x10-4 4.68 0.04 4.73
1x10-3 4.55 —0.11 4.44
5x10-3 4.22 —0.18 4.04
0.01 3.83 —0.05 3.78
0.02 3.62 0.19 3.81
0.10 4.36 —90.11 4.25
0.20 4.45 —0.22 4.23
0.50 4.55 —0.26 4.30
1.00 4.99 —0.18 4.81
2.00 5.24 —0.23 5.02
(a)
7
6-
5 )
E
G 4 J
T ¢
E
%3 -
I"
1 e
/’
o v

Fig. 5. The change of surface excess densities of ions

5o —y—e

N
0

1

/Cs/mol dn3

(b)

1

/Cg /mot dm3

at the critical micelle concentration.

(a) I'p+ (
vs. 1/ Cs-

X-: Br-

O: DDAB-NaBr, @: DDAC-NaCl.

) and I'ya+ (-——=) vs. V' Ce (b) I'x-
or CI-.
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The values of I'n- and I'n- at the cmc in the DDAB-
NaBr system are essentially equal to their saturated
values, respectively, at a given NaBr concentration.
In Fig. 5 the values of I'v+, I'n.» and I's- at the cmc are
plotted against the square root of NaBr concen-
tration, together with the saturated values of I'n+, I'na,
and I'a- in the DDAC-NaCl system.4:9

It is clear in Fig. 5(a) that the value of I'p- at the
cmc for the DDAB-NaBr system is higher than that
for the DDAC-NaCl system at the same concentra-
tions of sodium salts except at 0.01 and 0.02 mol
dm=3. This means that the effect of salting-out of
Br~ is stronger than that of Cl—, which is apparently
exhibited in the values of B, in Eq. 6, i.e.,, 0.075
for NaBr and 0.055 for NaCl.56» ]t is also seen
that the value of I'n.+ at the cmc for the DDAB-
NaBr system is almost constant at NaBr concen-
trations higher than 0.20 moldm™3. For the
DDAC-NaCl system the value of I'n. at the cmc in-
creases rapidly and becomes positive at NaCl con-
centrations higher than 0.20 moldm=3. The reason
for the large difference in I'v- at high salt concen-
trations is not clear, but it is certain that the differ-
ence between the two systems arises from the surface
tension data themselves, since the treatment based
on the ideal solution approximation also leads to
such a difference in I'na-.

In Fig. 5(b) it is seen that the value of I's- at the
cmc for the DDAB-NaBr system is of the same order
of magnitude as that of I'u- at the cmc for the
DDAC-NaCl system, as long as the concentrations
of sodium salts are lower than 1.0 moldm™3. At
concentrations higher than 1.0 mol dm3, the value of
I'c- at the cmc for the DDAC-NaCl system increases
rapidly. This is because the value of I'n. for the
DDAC-NaC(Cl system, z.e., the adsorption of NaCl,
increases more rapidly.

The Corrin-Harkins Relation. Figure 6 shows
the Corrin-Harkins plot for the cmc of the DDAB-
NaBr system together with that of the DDAC-NaCl
system. For the DDAB-NaBr system a linear relation
holds at low and high counterion concentrations,
respectively:

log C, = —0.452 log (Co+Cs) — 2.83, C,<0.015,  (25)
log C, = —0.758 log (C,+C,) — 3.33, C,=0.015.  (26)

The threshold concentration of NaBr for the two
linear plots at low and high counterion concentrations,
0.015 mol dm™3, is lower than that obtained by light
scattering measurement,® 0.095 mol dm=3.

For the DDAC-NacCl system the Corrin-Harkins plot
of the cmc is linear at NaCl concentrations up to
0.50 mol dm~3:

log C, = —0.621 log (C,+C,) — 2.98, C,<0.50, (27)

and at higher NaCl concentrations than 0.50 mol dm™3,
a linear relation no longer holds between the logarithm
of the cmc and the logarithm of the concentration of
Cl-%

As the cmc is a good measure of stability of the
micellar state relative to the monomeric state, the lower
value of the cmc for the DDAB-NaBr system than that
for the DDAC-NaCl system clearly indicates the stabili-
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Fig. 6. Relation of the logarithm of the critical micelle
concentration with the logarithm of ionic strength.
O: DDAB-NaBr, @: DDAC-NaCl.

zation of dodecyldimethylammonium micelle by bind-
ing of Br~ stronger than binding of Cl~. Similar rela-
tions of the lower value of the cmc of the bromide
system than that of the chloride system were observed
for surfactants having a dodecyl group!!-12 and surfac-
tants having an octadecyl group.!®

Standard Free Energy of Micellization. In terms
of the pseudo-phase model for the micelle,’¥ in which
the solution of surfactant monomer is an ideal solution
and the micelle is a separated phase, the standard free
energy of micellization per mole of surfactant is given
by

AGS = RT In X,, (28)

where X, 1s the mole fraction of surfactant at the cmc.
When expressed by the molar concentration of surfac-
tant at the cmc, C,, we have

MG,
IOOOPO - (Ms“‘Mw)Gs ’
where p, denotes the density of solution at the cmc.

Table 4 gives the values of —AGS$, for the DDAB-
NaBr system, together with those for the DDAC-
NaCl system. The micelles are both stabilized more
as the ionic strength is increased. The stabiliza-
tion of micelle is 0.7 k] mol~! more effective for the
DDAB-NaBr system compared with that for the DDAC-
NaCl system, as long as the ionic strength is lower
than 0.05 mol dm3.

Surface Tension. We had originally attempted
to measure the surface tension of solution by means of
the Wilhelmy hanging plate method, but the down-
ward shift of the plate was not reproducible at all.
Thus we decided to employ the drop weight method
for surface tension measurements.

For the surface tension measurements of aqueous
solutions of a cationic surfactant, either in the presence
or absence of added salt, we have found that the hang-
ing plate method does not give any reproducible results,
owing to the built-up of the cationic on the glass plate
(and also possibly on the platinum plate) and the result-
ing change in contact angle. For the surface tension
measurements of aqueous solutions by means of Wil-
helmy hanging plate method, the contactangle of solu-

AGS = RT In (29)
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TABLE 4. STANDARD FREE ENERGY OF MICELLIZATION OF
DODECYLDIMETHYLAMMONIUM BROMIDE IN AQUEOUs NaBr
SOLUTIONS AND DODECYLDIMETHYLAMMONIUM
CHLORIDE IN AQUEOUs NaCl soLutions AT 25 °C

DDAB— NaBr DDAC—NaCl
Cs —AGa —AG2
mol dm~—3 kJ mol—? kJ mol-!
0 21.1 20.4
1x10-4 21.1 20.4
1x10-2 21.2 20.5
5x10-3 21.3 20.6
0.01 21.7 21.0
0.02 22.1
0.05 22.5
0.10 24.8 23.5
0.20 26.0 24.5
0.50 27.4 26.1
1.00 28.7 27.9%
2.00 30.3 30.3
4.00 34.1

a) Cs=0.94 mol dm-3.

tion on the plate must be nearly zero. But in the case of
cationic surfactants such as the derivatives of long-
chain alkylammonium, this condition is never satisfied
generally.

The drop weight method is universally applicable for
the measurements of surface tension of aqueous solu-
tions of any surfactant. It permits to measure even the
time change of surface tension, as referred to above.

The tendency of the relations between surface tension
and surfactant concentration and between surface ten-
sion and the concentration of sodium saltin the present
DDAB-NaBr system is analogous to those of the pre-
vious DDAC-NaCl system.® As it is seen in Fig. 1, the
surface tension of the DDAB-NaBr system decreases
with increasing the surfactant concentration up to the
cmc and also with increasing the NaBr concentration,
as was observed for the DDAC-NaCl system. Atsurfac-
tant concentrations higher than the cmc, the surface
tension remains constant in both of these systems.

Comparing the surface tension of two systems at the
same concentration of the sodium salt, the surface ten-
sion of the DDAB-NaBr system is lower than thatof the
DDAC-NaCl system at all surfactant concentrations
and also at all concentrations of sodium salt.

Partial Molar Volume. Table 2 gives the values
of the cmc identified as the break point of the density
curves of solution. These values are in agreement with
those derived from the surface tension measurements.

The partial molar volume, V=M®7, of DDAB changes
abruptly at the cmc, and their values above and below
the cmc are given in Table 2. The change in partial
molar volume of DDAB by the micellization is 5—
8 cm3 mol-?, depending on the NaBr concentration.
The observed values for DDAB are comparable with
that for DDAC in water, 8.4cm3mol-l. They are
also roughly of the same order of magnitude or
smaller than those for surfactants having a dodecyl
group.15:16



May, 1984]

One of the authors (H. O.) wishes to thank Dr. Koichi
Mase and Mr. Yoshikazu Terada for generous support
and encouragement during this work.

References

1) S. Ikeda, Bull. Chem. Soc. Jpn., 50, 1403 (1977).

2) 8. Ikeda and S. Ozeki, Bull. Chem. Soc. Jpn., 53, 1837
(1980).

3) S. Ikeda, Adv. Colloid Interface Sci., 18, 93 (1982).

4) S. Ozeki, M. Tsunoda, and S. Ikeda, J. Colloid Interface
Sci., 64, 28 (1978).

5) S. Ozeki and S. Ikeda, Bull. Chem. Soc. Jpn., 53, 1832
(1980).

6) R. A. Robinson and R. H. Stokes, “Electrolyte
Solutions,” 2nd ed, Butterworths Scientific Publications,
London (1959), a) p. 32; b) p. 235; ¢) p. 492.

7) W. D. Harkins, “Physical Methods of Organic

Surface Tension and Adsorption

1327

Chemistry,” ed by A. Weisberger, Part 1, Chap. IX, (a) p. 374;
(b) p. 369.

8) K. Motomura, S. Iwanaga, Y. Hayami, S. Uryu, and R.
Matuura, J. Colloid Interface Sci., 80, 32 (1981).

9) M. Aratono, S. Uryu, Y. Hayami, K. Motomura, and R.
Matuura, J. Colloid Interface Sci., 93, 162 (1983).

10) S. Ozeki and S. Ikeda, Colloid Polymer Sci., in press.

11) H. B. Klevens, J. Am. Oil Chemists’ Soc., 30, 74 (1953).

12) E. W. Anacker and H. M. Ghose, J. Phys. Chem., 67,
1713 (1963).

13) P. F. Grieger and C. A. Kraus, J. Am. Chem. Soc., 70,
3803 (1948).

14) K. Shinoda and E. Hutchinson, J. Phys. Chem., 66, 577
(1962).

15) J. M. Corkill, J. F. Goodman, and T. Walker, Trans.
Faraday Soc., 63, 759 (1967).

16) E. Vikingstad, A. Skauge, and H. Hgiland, J. Colloid
Interface Sci., 72, 59 (1979).






