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Dynamic  surface tensions (yt)--measured by the maxi- 
m u m  bubble pressure m e t h o d - - o f  some surfactants  con- 
taining two hydrophilic (sulfonate) groups and two or three 
hydrophobic groups in the molecule ("gemini surfactants"), 
and of their mixtures with a nonionic surfactant or an 
amine oxide, have  been measured at 25~ in 0.1M NaC1. 
Linearity of  the plots of  surface pressure vs. square root 
of  the surface age indicated that the systems studied were 
all diffusion-controlled. For the individual surfactant sys- 
tems, the apparent diffusion coefficient decreases with an 
increase in the number of alkyl chains and the bulkiness 
of  the surfactant molecules.  For the mixtures, when inter  
action between the two  surfactants is weak, 7t at short 
t imes (t < ls) is close to  that of  the component  with the 
lower surface tension; at longer times, it is closer to  that 
of  the component  with the lower equilibrium surface ten- 
sion. When interaction is strong, 7t at short t imes is 
greater than that  of  either component.  The molar ratio at 
which max imum effect on }It is observed depends upon 
the strength of the interactions between the two  surfac- 
tants.  

KEY WORDS: Apparent diffusion coefficient, dynamic surface ten- 
sion, gemini surfactants, maximum bubble pressure, surfactant in- 
teractious, surfactant mixtures, two hydrophilic groups. 

In a previous paper (1), we reported that  dynamic surface 
tension data, measured by the maximum bubble pressure 
method at a constant surfactant bulk concentration, can be 
represented by the following equation: 

7t  ---- ) 'm + (70 - -  )'m)/[ 1 + ( t / t* )  n] [1] 

where )'t is the dynamic surface tension of the surfac- 
tant  solution at  t ime t, y= is the meso~luilibrium surface 
tension of the surfactant solution (where 7t shows only a 
small change with time), 70 is the static (equilibrium) 
surface tension of the solvent, t* and n are constants 
depending on the nature of the surfactant and solution. 
Equation 1 can be transformed to the following logarithmic 
form: 

log[(Yo - Y t ) / 0 " t  - ) ' m ) ]  - -  n logt -- n logt* [2] 

From experimental data of It and 7m, ValUes of t* and n 
can be calculated by using Equation 2 and the least, squares 
fitting methoG I t  was reported (2) that  the value of n in- 
creases with an increase in the hydrophobic character of the 
surfactant, and at a given I-m~/C valu~ t* also increases 
with an increase in the hydrophobic character of the sur- 
factant. 

Hansen (3) has discussed the theory of diffusion-controlled 
adsorption for surfactants that  obey the Langmuir adsorp 
tion isotherm (4): 

*To whom correspondence should be addressed. 

F(C) ----- ['mbC/(1 + be) [3] 

where b is the Langmuir adsorption isotherm parameter 
(cm3/mole) relating the surface excess concentration V(C), in 
mole/cm 2, to [-~, the maximum surface excess concentra- 
tion, in mole/cm 2, and the bulk concentration C, in 
mole/cm 3. The surface pressure, )'0-]r can be related to the 
maximum surface excess concentration, I-m, and parameter 
b by the Szyszowski equation (5): 

(),0-Y)/I-mRT = ln(1 + bC) [4] 

Thus, the b value can be obtained by fitting Equation 
4 to the equilibrium values of the surface tension as the 
function of bulk concentration by using the least-squares 
fitting methoc[ The maximum surface excess concentra- 
tion, F~, can be calculated from the Gibbs adsorption equa- 
tion (5). Then, the surface excess concentration F(C) can 
be obtained from Equation 3 with the calculated values 
orb.  

Bendure (6) has used Hansen's theory to derive equations 
for two limiting cases: (i) the initial (short-time) adsorption 
and (ii) the final (long-time) adsorption. For the short, time 
approximation, the equation is: 

(Y0 - -  Yt)/Co = 2 R T  (D/n) l /2 t l /2  [5] 

and for the long-time approximation: 

Yt - -  Ye ~--- F2RT/[C0(nDt) 1/2] [6] 

where )'0 and 7t are the same as defined in Equation 1, in 
10-SN/cm (=mN/m); Ye is the eqtfilibrium surface tension of 
the surfactant solution, in 10-SN~cm (=mN/m); F is the stm 
face concentration at the aqueous solution/air in~rfac~ in 
m o ~ m  2, calculated from Equation 3; Co is the bulk surfac- 
tant  concentration, in mol]cm 3, T is absolute temperature~ 
in K~ D is the apparent diffusion coefficient of the surfac- 
tant, in cm2/s; and R is the gas constant, equal to 8.31 X 
102cm N/K ~ mol. 

Equation 5 predicts that, at constant temperatur~ a plot 
of the reduced surface pressure (surface pressure divided by 
bulk concentration) as a function of the square root of the 
adsorption time should be linear, with a slope depending 
on the diffusion coefficient of the surfactant. In this paper 
we have measured dynamic surface tensions of some gemini 
anionic surfactants and of their binary mixtures with zwit- 
terionic or nonionic surfactants. We have used Equations 
2 and 5 to calculate values of n, t* and D for the individual 
surfactants, as well as for their mixtures, and we have in- 
vestigated the effect of surfactant-surfactant interactions 
in binary mixtures containing gemini surfactants on these 
parameters and on the dynamic surface tension of the 
system. 
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MATERIALS AND METHODS 

Materials. The chemical structures of the gemini com- 
pounds investigated are shown in Figure 1. Preparation 
and analysis have been reported previously--C10DADS 
(7); C8C1C8 and CsCsC s (8); C10OC10 and C10E3C10 (9). 
Samples of CsC1Cs, CsCsC8, C10OClo and C10E3C10 were 
obtained through the courtesy of Professors Y. Nakatsuji 
and A. Masuyama of Osaka University (Osaka, Japan). 
Polyoxyethylenated n-dodecyl alcohol with a homogene- 
ous head group of seven oxyethylene units [C12(EO)7], 
purity > 98% by gas chromatography, was purchased from 
Nikko Chemicals Co. Ltd. (Tokyo, Japan). N, N-dimethyl- 
1-tetradecanamine oxide (C14N) of > 95% purity was ob- 
tained from Ethyl Corporation (Baton Rouge, LA) cour- 
tesy of Kerry Hughes. 

Equil ibrium surface tension measurements.  Equili- 
brium surface tension measurements were made by the 
Wilhelmy vertical-plate technique~ with a sandblasted 
platinum blade of ca. 5-cm perimeter. The instrument was 
calibrated against quartz-condensed water each day that  
measurements were made. Sets of measurements were 
taken until the change in surface tension was less than 
0.1 mN/m. Well-purified surfactants and their mixtures 
in the concentration range investigated here reached their 
equilibrium values in one hour or more~ It  usually takes 
several hours for dilute mixed surfactant solutions to 
reach the equilibrium value. 
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FIG. 1. Structures of gemini surfactants studied. 

Dynamic surface tension measurements. The maximum 
bubble pressure method used in this work was described 
previously (1). All measurements were made at 25 + 0.1~ 

RESULTS AND DISCUSSION 

n and t* values. Plots of dynamic surface tension vs. log 
time for two gemini surfactants, C10DADS and C8CIC8, 
and a zwitterionic surfactant, C14N, are shown in Figure 
2; plots for CsCsCs, CloEaC10 and C10OClo are given in 
Figure 3. Plots for the mixtures CsC1Cs-C12{EO)7, 
CsCsCs-C12(EO)7, CloDADS-C12(EO)7 and CloDADS- 
C14N are shown in Figures 4, 5, 6, 7 and 8. The bulk con- 
centrations for all these individual surfactants and the 
total bulk concentrations of the mixtures in Figures 4, 5, 
6 and 7 are 1.0 • 10-3M. The bulk concentrations in 
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FIG. 2. Dynamic surface tension (Yt) vs. log t plots for C10DADS (Jr), 
C8CIC 8 (iX), and C14N ([3) in 0.1M NaCI at 25~ The bulk surfac- 
tant concentrations for all surfactants are 1.0 X 10-3M. 
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FIG. 3. Dynamic surface tension (Yt) VS. log t plots for CsCsC 8 (E3), 
C10E3C10 (A) and C10OC10 (+) in 0.1M NaC1 at 25~ The bulk stm 
factant concentrations for all surfactants are 1.0 X 10-3M, 
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FIG. 4. Dynamic surface tension ()'t) vs. log t plots for C8CIC 8 (A), 
C12(EO) 7 ([7) and their mixture C8C1C8-C12(EO)7 (g:l) in 0.1M NaCl 
at 25~ The bulk surfactant concentrntions for individual surfac- 
tants  and the total  bulk concentration for the mixture are 1.0 X 
IO-3M; a(CsCIC8) = 0.60. 
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FIG. 6. Dynamic surface tension 0"t) vs. log t plots for C10DADS([3), 
CI2(EO) 7 (A) and their mixture C10DADS-C12(EO)7(~) in 0.1M 15 
NaCI at 25~ The bulk surfactant concentrations for the individual 
surfactants and the total  bulk concentration for the mixture are 1.0 
X 10-3M; a(C10DADS) = 0.04. 
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FIG. 5. Dynamic surface tension (Yt) vs. log t plots for CsCsC s ([3), 
C12(EO)7 (A) and their mixture CsCsCs-C12(EO)7(~) in 0.1M NaC1 at 
25~ The bulk surfactant concentrations for individual surfactants 
and the total  bulk concentration for the mixture are 1.0 X 10-3M. 
a(CsCsC s) = 0.035. 
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FIG. 7. Dynamic surface tension (7t) VS. log t plots for C10DADS (I-I), 
CI4N (A) and their mixture C10DADS-C14N (I]3) in O.1M NaCl at 
25~ The bulk surfactant concentrations for the individual surfac- 
tants  and the total  bulk concentration for the mixture are 1.0 X 
10-3M; a(CIoDADS) = 0.35. 

Figure 8 for CloDADS, C14N and their mixture  are 1.0 X 
10-4M. Plots  of other sur fac tants  and their  mixtures  a t  
1.0 • 10-4M bulk concentrat ions have the same trends 
as shown in Figure 8 relative to Figure 7. The total  ionic 
s t rength of all these surfactant  solutions is kept  constant  
at  0.1M NaC1. The calculated values of n and t* from 
Equat ion  2 for bulk sur fac tan t  concentrat ions 1.0 >< 
10-4M and 1.0 • 10-3M of invest igated gemini and con- 
ventional sur fac tan ts  in 0.1M NaC1 aqueous solution are 
listed in Table 1. 

Table 1 shows tha t  the  gemini sur fac tan t  with three 
alkyl chains (CsCsCs) has the largest  n value, and the 
gemini with mos t  polyoxyethylene groups (C10E3C10) has 

the lowest value of n. The value of n increases in the order: 
CloE3Clo < CloOClo < C8C1C 8 < C8C8C 8. This result is con- 
sistent  with our previous conclusion (2) tha t  the value of 
n increases with an increase in the hydrophobic character  
of the surfactant ,  and decreases with an increase in the 
length of the polyoxyethylene chains. Table 1 also shows 
tha t  both  n and t* decrease with an increase in bulk sur- 
fac tan t  concentration,  even though the bulk concentra- 
t ions are above their  critical micelle concentrations.  This 
may  indicate t ha t  the  process of demicellization is fas t  
compared to adsorpt ion a t  the air/water in ter face  The 
calculated values of n and t* for mixtures  containing 
gemini sur fac tants  and C14N or C12(EO)7 are listed in 
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TABLE 2 
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FIG. 8. Dynamic surface tension 0't) vs. log t plots for CloDADS (D), 
C14N (A) and their mixture CloDADS-C14N (t]3) in 0.1M NaC| at 
25~ The bulk surfactant concentrations for the individual surfac- 
tants  and the total  bulk concentration for the mixture are 1.0 X 
10-4M; a(C10DADS) = 0.35. 

TABLE 1 

Dynamic Surface Tension Parameters for Surfactants Investigated 
(0.1M NaCI, 25.0~ 

C- -  1.0X C =  1.0X 
10 -4 M 10 -3 M 

System n t* (s) n t* (s) )%q (mN/m) 

C12(EO)7 0.95 6.0 0.68 0.2 33.0 
C14N(CH3)20 1.08 6.5 0.60 0.1 29.5 
C10E3C10 1.13 3.9 0.81 0.2 37.0 
CloOC10 1.14 14.8 0.94 1.2 33.0 
C8CIC 8 1.20 4.0 a a 38.0 
C10DADS 1.28 4.4 0.92 1.0 39.8 
C8C8C8 1.59 9.0 1.00 1.1 29.0 

apIot of Iog[()'0--)'t)/(yt--)'m) ] VS. log t is not linear. 

Table 2. For C10DADS-C14N mixtures,  n and t* increase 
with increasing al, the molar  fraction of C10DADS in the 
to ta l  bulk concentra t ion of the  mixed C~oDADS-C~4N 
sur fac tan t  solution, and reaches max imum values at  al 
-- 0.35. This may indicate the composit ion of the interac- 
t ion product  (see below). 

Apparent diffusion coefficients (D). Plots  of surface 
pressure (Y0 - It) vs. the  square root of the  t ime in 
seconds (t 1/2) for the  compounds  C8C1C8, CloDADS, 
CsCsCs, C10OC10 and CloE3Clo are shown in Figure  9. The 
values of the  apparen t  diffusion coefficient D, ca lcula ted 
from Equa t ion  5, for these gemini sur fac tan ts  are l is ted 
in Table 3. The l inear i ty  of the  p lo ts  and the values of D 
in the 10 -6 cm2/s range indicate t ha t  adsorpt ion  is diffu- 
sion-controlled in these cases. The value of D increases 
in the  order: CsCsCs < CloE3C10 < C10OC10 < CsC1Cs. 

I t  is apparen t  t h a t  the  molecular  size and shape p lay  
major  roles in the  diffusion-control led adsorpt ion .  
CsCsCs, which has three a lkyl  chains in the  molecule. 
should have the  larges t  s ter ic  res is tance in the  diffusion 
process as compared  to the  other  surfactants .  CsCIC s, 
which has two shor t  chains in the  molecule, should dif- 
fuse much fas ter  t han  CsCsCs. Compar ing  the s t ruc ture  

Dynamic Surface Tension Parameters for Mixtures 
Containing Gemini Surfactants (0.1M NaCI, 25.0~ 

C = 1.0 X C = 1.0 X 
10 -4 M 10 -3 M 

System a 1 n t* (s) n t* (s) 

CsCIC8-C12(EO)7 0.600 0.98 6.2 0.42 0.03 
C8C8C8-C12(EO) 7 0.035 1.13 7.1 0.80 0.3 
CloDADS-C12(EO)7 0.04 1.04 8.0 -- -- 
C10DADS-C12(EO)7 0.10 1.12 8.0 -- -- 
CloDADS-C12(EO)7 0.20 1.22 9.6 -- -- 
CloDADS-C12(EO)7 0.35 1.24 14.5 -- -- 
C]oDADS-C12(EO)7 0.50 1.25 17.0 -- -- 
C1oDADS-Cx2(EO) 7 0.80 1.16 8.8 -- -- 
CloDADS-C14N(CH3)2 O 0.10 1.22 11.5 0.98 2.0 
CloDADS-C14N(CH3)2 O 0.20 1.23 18.5 1.00 2.2 
CloDADS-C14N(CH3)20 0.35 1.75 35.8 1.25 2.0 
CloDADS-ClaN(CH3)20 0.50 1.66 32.1 1.05 1.9 
C1oDADS-CI4N(CH3)20 0.80 1.27 10.0 0.90 1.5 
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FIG. 9. Plots of surface pressure (Y0 - -  )'t) VS. the square root of time 
(t 1/2) for CsC1C 8 (X), C8C8C 8 (A), C10DADS (O), C10OC10 (I'7) and 
C10E3C10 (+) in 0.1M NaCI at 25~ at short time It ~< 1 s). The bulk 
surfactant concentrations for all surfactants are 1.0 X 10-4M. 

of CloOC10 with  t h a t  of C10E3C10, the  la t te r  has three ad- 
di t ional  oxyethylene groups between the two alkyl chains 
in the  molecule, so i t  should diffuse more slowly than  
CloOC~o. The calculated D values are consis tent  wi th  
these considerations.  

The D values for C12(E0)7, C14N and their  mixtures  
wi th  various gemini  sur fac tan ts  are also l is ted in Table 
3. I t  is noteworthy t ha t  the  values for the CsCICs- 
C12(EO)7 and CsCsCs-C12(EO)7 mix tures  are not  smaller  
than  those of the components  of the mixture, whereas for 
t he  CloDADS-C12(EO)7, C10DADS-C14N and the  
C10E3C10-C14 N mixtures,  the  D values are all signifi- 
can t ly  smaller t han  the value of e i ther  component.  

Effect of strength of interaction between the two com- 
pounds on dynamic surface tension and apparent diffu- 
sion coefficient values. In te rac t ion  between the two com- 
ponents  produces a complex wi th  a greater  molecular 
weight  than  ei ther  component.  Consequently, this  com- 
plex should have a smaller diffusion coefficient than either 
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TABLE 3 

Calculated Values of Apparent Diffusion Coefficient (D) 
for Gemini Surfactants and Their Mixtures 
(C = 1.0 X 10 -4  M, 0.1M NaCI, 25.0~ 

System D 

(• cm2/s) 

CsCsC s 0.20 
C10E3C10 1.0 
CloOClo 2.0 
CsC1C 8 4.0 
C14N(CH3)20 4.0 
CloDADS 4.2 
C12(EO)7 6.8 
C8C8C8-C12(EO)7 (a 1 -- 0.035) 6.8 
C8C1Cs-C12(EO) 7 (a I ---- 0 . 6 0 0 )  4.0 
C10DADS-C12(EO)7 (a 1 -- 0.04) 3.4 
C1oDADS-C12(EO) 7 (a I = 0.10) 3.1 
C10DADS-C12(EO)7 (a I ---- 0 . 2 0 )  1.5 
C10DADS-C12(EO)7 (a 1 = 0.35) 2.0 
C10DADS-C12(EO) 7 (a I = 0.50) 3.3 
C10DADS-C12(EO)7 (a 1 = 0.80) 1.7 
CmDADS-C14N(CH3)20 (a 1 = 0.35) 0.05 
CloE3C10-C14N(CH3)20 (a 1 = 0.35) 0.10 

6 

~. 5 
e 

4 i3 
8 

._o 

" O  

0 ' ' 

0.0 0.5 1.0 
t112 

FIG. 10. Plots  of surface pressure ()'0 - -  Yt) VS. the square root of 
time (t 1/2) for CloDADS(X), C14 N (A) and their mixture CloDADS - 
C14 N ( , )  in 0.1M NaCI at 25~ at short t imes (t ~< 1 s). The bulk 
surfactant concentrations for the individual surfactants and the total 
bulk concentration for the mixture are 1.0 X 10-4M; a(Clo DADS) 
= 0.35. 

component. We have previously reported (10) tha t  geminis 
containing multiple ether  oxygen a toms (for example, 
CsCICs and C8C8C8) have weaker  in te rac t ions  wi th  
po lyoxye thy l ena t ed  nonionic  su r fac tan t s ,  such as 
C12(EO)7 (/3 ~ = -1 .5  for CsC1C8), than  does C10DADS (/3 ~ 
= -5.9),  which has no multiple ether linkages, due to pro- 
tonat ion of the ether oxygen a toms in the former gemini 
molecules. The larger D values l isted in Table 3 for 
C8C1C8 and CsCsCs mixtures  with C12(EO) 7, as compared  
to those of CloDADS-C12(EO)7 mixtures,  are consis tent  
wi th  this explanation. Figures 4, 5 and 6 show the dif- 
ferences in dynamic  surface tension between mixtures  
CsCICs-C12(EO)7 or CsCsC8-C12(EO)7 and  m i x t u r e  
CloDADS-C12(EO)7. In  Figure 4, a t  shor t  t imes (log t < 
0) the curve for the mixture  CsC1Cs-C~2(EO)7 is close to 
the curve of the individual sur fac tan t  (CsC~Cs) t ha t  has 
the lowersurface  tension. At  longer times, the curve for 
the mixture  follows the curve of the individual surfactant  
[C12(EO)7] tha t  has the lower surface tension. Apparent ly  
there is no strong interaction between the two components 
of the mixture. In  Figure 5, the same trend is observed 
for the mixture  CsCsCs-C12(EO)7. A different pa t t e rn  is 
seen in Figure 6. At  shor t  t imes (log t < 0), the curve for 
the mixture  C~0DADS-C12(EO) v is again close to the 
component  [C~2(EO)7] tha t  has the lower surface tension, 
bu t  a t  longer times, the curve for the mixture  is below 
either curve for the individual components.  This indicates 
t ha t  there is significant interaction in this mixture  and 
that,  at  long times, the synergism in surface tension reduc- 
t ion effectiveness (i.e., lower equilibrium surface tension 
of the mixture, as compared to its components)  shown by 
this mixture (11) determines the dynamic surface tension 
value. 

As previously reported (10), C~oDADS has a s t ronger  
interaction with the zwitterionic sur fac tan t  C14 N (f3 ~ = 
-7 .3)  than  with C12(EO)7 (/3 ~ = -5.9) .  Figures 7 and 8 
show how this s t rong interaction between the  two com- 
ponents  affects the dynamic  surface tension of the mix- 

ture C10DADS-C14N. In  Figure 7, the total  bulk  concen- 
t ra t ion is again 1.0 • 10-3M for both  the individual sur- 
fac tants  and their  mixture, and the mole fraction (a) of 
C10DADS is 0.35 (approximately a 1:2 molar  ratio of the 
divalent anionic to the zwitterionic). The dynamic surface 
tension for the mixture is greater  than  tha t  of either com- 
ponent  surfac tant  at  shor t  t imes (t < 1 s) and lower than  
tha t  of either component  a t  long times. This indicates for- 
mat ion  of a complex with  a slower diffusion rate  than  
either component ,  bu t  wi th  a lower equilibrium surface 
tension (11). When the  to ta l  bulk  concentrat ion is de- 
reased to 1.0 • 10-4M {Fig. 8), the short- t ime effect is 
even more apparent .  Here. the period during which the 
dynamic  surface tension value of the mixture  is greater  
than  t ha t  of either component  extends  to more than  100 
s. Figure 10 shows the plots  of dynamic  surface pressure 
vs. square root of the t ime at  shor t  t imes (t < 1 s) for the 
individual components  C10DADS, C~4N and their  mix- 
ture, C~oDADS-C14N. The slope for the mixture  is much 
smaller than  t ha t  of ei ther  component .  The calculated 
value of the apparent  diffusion coefficient D for the mix- 
ture C10DADS-C14 N, 5 )< 10-8cm2/s, is about  two orders 
of magni tude  smaller than  t ha t  {=4.0 X 10 -6 cm2/s) for 
components  C10DADS and C14N. 

Effect of molar ratio of the two components. Changes 
in dynamic  surface tension with t ime at  different molar  
rat ios of the components  in CloDADS-C~4N mixtures  a t  
total  bulk concentrat ions of 1.0 • 10-4M and 1.0 • 
10-3M in aqueous 0.1M NaC1 are shown in Figures 11 
and 12, respectively. The major  effects of the interaction 
of the components {highest surface tensions a t  short  t imes 
and lowest surface tensions at  long times) are seen a t  
--a.cl0DADS = 0.35, a 1:2 molar  rat io of the divalent 
anionic to the zwit ter ionia  The n values for these mix- 
tures in Table 2 also show a m a x i m u m  at  --ac~_DADS ---- 

. . . . .  I] 

0.35. This implies a s t ructure  for the interaction product  
i n v o l v i n g  one m o l e c u l e  of  t h e  d i s u l f o n a t e d  
dialkyldiphenylether associated with two molecules of the 
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0 .0  0 .2  0 .4  0 .6  0 .8  ,0 

~(CloOAOS) 

FIG. 11. Dynamic surface tension vs. molar ratio (~) of component 
C10DADS in the total bulk concentration of the mixture C10DADS- 
ClaN at different times. O, 1 s; [:], 2 s; = <) 4 s; A, I0 s; +, 20 s; 
X, 50 s; *, 100 s; A, equilibrium surface tension. The total bulk con- 
centration is 1.0 X 10-4M in 0.1M NaCI at 25~ 

75 

@-"---" @'--'-'-'0,- 

=//. 0 ~ 55 ..__.._. ,..._._. �9 

o / . 
4s 

,, / / /  ,, 

/ 1  . 

25 , .'" , �9 , ' , . ' . f  �9 

0 . 0  0 . 2  0 . 4  0 . 6  0 . 8  .0 

a(CloDADS) 

FIG. 12. Dynamic surface tension vs. molar ratio (a) of component 
C10DADS in the total bulk concentration of the mixture C10DADS- 
C14N at different times. #, 0.] s; II, 0.2 s; &, 0.5 s; 4[, ~ 1 s; -{-, 2 
s; X, 5 s; *,  10 s; A, 25 s; [:3, 50 s; ~ , 100 s; O, equilibrium surface 
tension. The total bulk concentration is 1.0 X 10-3M in 0.1M NaCI 
at 25~ 

p ro tona t ed  amine  oxide. For  the  more  weakly in t e rac t ing  
C10DADS-C12(EO)~ sys tem,  the  n and  t* values, shown 
in Table 2, reach a m a x i m u m  value a t  a = 0.50, indicat ive 
of a p redomina te ly  1:1 molar  ratio. I t  appears  t h a t  wi th  
increased s t r e n g t h  of the in terac t ion of the two com- 
ponents ,  t he  in te rac t ion  p roduc t  t ends  toward the  2:1 
ratio, p roduc ing  a comple te  m u t u a l  neut ra l iza t ion  of the  
electrical charges  in the  two components .  
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