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The interfacial excess concentrations of sodium dodecyl sulfate (SDS) and two different cosurfactanta 
(pentanol and hexanol) in mixed monolayers at the interface between water (with 0.2 M NaCl) and an 
oil phase consisting of cyclohexane and cosurfactant are determined from surface tension measurements 
using the Gibba adsorption equation. The data are analyzed in two ways: assuming saturation adsorption 
and fitting the data to the Szyszkowski equation. This analysis reveals that a constant interfacial 
concentration in the vicinity of the critical micelle concentration is a good approximation even though the 
cosurfactant interfacial concentration does not reach its saturation value in the experimental cosurfactant 
concentration range. For both pentanol and hexanol, at low concentrations a strong competition between 
cosurfactant and SDS is observed, whereas at higher concentrations the composition of the interface 
remains practically constant. Under these conditions a high packing density in the mixed monolayer is 
observed. 

Introduction 
The area of the interface water-oil is an important 

quantity in microemulsion theory.’-‘ This area is gen- 
erated and stabilized by the adsorption of surfactant (and 
cosurfactant, if applicable). Therefore it is important to 
know the interfacial concentrations of the surfactant. 

We have studied a model system composed of brine 
(aqueous salt solution), cyclohexane, ionic surfactant 
(sodium dodecyl sulfate, SDS) and anonionic cosurfactant 
(an alcohol). By variation of the salt and cosurfactant 
concentration and the chain length of the cosurfactant, 
we can regulate some properties of the interface which 
serve as input parametera in the above mentioned theories. 

Ehamhation of the phase behavior using equal volumes 
of brine and oil for the two alcohols pentanol and hexanol 
revealed some large differences. Details are reported in 
ref 6. In this article, we report the determination of the 
interfacial concentrations of SDS and the alcohols as a 
function of SDS and cosurfactant activities at constant 
salt concentration. We also address the question whether 
or not the apparently different interfacial properties are 
accompanied by a difference in composition of the 
interface. 

For eytems containing pentanol, the interfacial excess 
concentrations have been determined by Verhoeckx et 
d.6 Since this work we have obtained better numbers 
based on improved techniques and improved interpreta- 
tion. 
We have determined the interfacial excess concentra- 

tion, Fi, by using the Gibbs adsorption equation 
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on measurements of the interfacial tension y between water 
and oil obtained with the spinning drop method. In eq 
1 ai and ri are the activity and the interfacial concentration 
of component i ,  respectively, ak and a1 are the activities 
of two reference componenta (e.g. water and cyclohexane), 
and R, T, and P have their usual meaning. Since the 
interfacial tension of watemil ie very low under conditions 
where microemulsions can be formed, the measurements 
from which the slope of y vs In (ai) is determined must be 
carried out at low to very low interfacial tensions. 

From (1) it follows that in order to determine the 
interfacial concentration, we need to know the interfacial 
tensions as a function of the activities in a bulk phaee 
y(ln (ai)). In the cw of systems containing only one 
surface-active solute, saturation adsorption ie often found 
in the vicinity of the cmc and the interfacial concentration 
is obtained by fitting the data points to a straight line. In 
this paper, a system containing two’surfaw-active com- 
ponents is studied. Interfacial tensions of this kind of 
systems are often also interpreted as if saturation ad- 
sorption occura in the neighborhood of the cmc.8-8 Here 
we will avoid this assumption by fitting the data to the 
Szyszkomki equation and compare the reaults with the 
assumption of saturation adsorption. The equation 

in which yo is the interfacial tension at which Ci = 0, B = 
R!?”i,m, and rip is the saturation adsorption, was originally 
stated by Szyszkowaki9 on purely empirical grounds and 
ita validity appears to be quite broad.l0J1 Ae shown by 
Rosen and Aronson,lo (2) appears to fit data points 
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reasonably well as long ae the surface pressure exceeds 20 
mN/m and CIA >> 1. 

As already shown independently by Frumkin and 
Haber12 in the 19208, (2) is easily derived by combining 
the Langmuir adsorption equation 
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with the Gibbs equation (1). The "fitparameter" A can 
thus be regarded as the ratio of the desorption and 
adsorption rate constants. 

Several attempts have been made's-1s to derive (2) from 
more fundamental concepts, which will not be discussed 
here. 

Experimental Section 
hte?id8. Sodium dodecyl sulfate (SDS) was 'specially pure" 

grade from BDH. It was purified by recrystallization in ethanol 
(2 times) and was stored in a vacuum desiccator over silica gel. 
Immediately before use, it was dissolved in water and filtered 
through a Cl&silica column (SEP-pak cartridge, Millipore, 
prewetted with methanol and water). 

Cyclohexane, l-pentanol, l-hexanol, and NaCl were Baker 
"analyzed" reagents and were used without further purification. 
Deionized water was distilled 3 times before use. 

Sample Preparation. An 8.00-g portion of initial oil phase 
was carefully poured on 10.00 g of initial water phase in 25-mL 
glass tubes with Teflon-sealed screw caps. The initial oil phase 
was a solution of l-pentanol or l-hexanol in cyclohexane, with 
different initial maw fractions, and the water phase was a 0.20 
M NaCl solution containing various amounts of SDS. Equilib- 
rium was attained by gently rolling the samples on a roller bench 
(ca 1 rev/min). Shakingor rollingtoofast promotes the formation 
of unstable coarse emulsions or liquid crystalline phases that 
may persist for quite a long period of time.16 

Analysis of the Equilibrated Phases. Pentanol and hexanol 
concentrations in the oil and water phase were measured with 
a Packard Model 433 gas chromatograph equipped with a flame 
ionization detector and a glass column packed with cross-linked 
polystyrene resin. The SDS concentration in the water phase 
was determined co1orimetricallyl7J8 for every sample. An excess 
quantity of methylene-blue was added to a water sample 
containing SDS. The equimolar complex was extracted with 
chloroform and the extinction was measured at  652 nm using a 
Bausch and Lomb/Shimadzu Spectronic 200-UV spectropho- 
tometer. The detection limit is approximately lo-' M in the 
original water phaee. The poseible presence of (a small amount 
of) water and SDS in the oil phase does not have any influence 
on the analysis. 

Interfacial Tenrions. Interfacial tensions between the water 
and oil phases were measured by the use of the spinning drop 
technique. The apparatus was built in our laboratory.1s It enables 
one to measure interfacial tensions between approximately 10-4 
and 102 mN/m. A precision glass tube (internal diameter 4 mm, 
length 96 mm, Teflon sealed) is rotated at high speed (up to 
12000 rpm). h i d e  the tube, a small drop of the lese dense 
phase is introduced into the denser phase. Drop dimensions 
were measured by moving a microwope with cross-threads fixed 
to the eye piece by meane of a pair of calibrated translators. 
Correction for refraction of light was carried out. The glass tube 
was thermostatd because of the heat produced by the friction 
of the ball bearings. The interfacial tension was calculated from 
the length, 1, and the maximum diameter, d, of the rotating drop 
(see Figure 1). 

(12) Freundlich, H. Kapillorchemie; Akademhhe Verlagegeaellechaft 

(13) Defay, R.; Prigogine, I. Surface Tension and Adsorption: 

(14) van den Tempel, M.; Lucaasen, J.; Lucassen-Fbyndere, E. H. J. 

(16) Ratis, 8.; Morriron, I. D. J.  Colloid Interjace Sci. lS88,91,244. 
(16) van Men, G. A. Thesin Rijbunivemiteit Utrecht, 1990. 
(17) FouilEnergy,U.S.DepartmentofEnergy,BC/20Q09-8,C9 (1980). 
(18) b i d ,  V. W.; Longmam, G. F.; Heinert, E. Terrclrde 1967,4,292. 

m.b.h: Inipzig, 1990, Band I, Vie* Auflage, pp 77-79. 

Longmane: London, l96& p 167. 

Phys. Chem. lM, 69,1798. 

t 

y' l  

Y 
I12 X -  

Figure 1. Coordinate system for a drop in the spinning drop 
tensiometer. 

By equating the pressure difference inside and outside a drop 
in acentrifugal field to the capillary preseure acrose the interface, 
Princen et al.le find the following differential equation for the 
shape 

(4) 

Here the dimensionless variables X and Yare defined in units 
of r,, the radius of curvature at ( x  = 0, y = 0) 

(5) X = xlr,; Y = y / r ,  

Further the dimensionless shape parameter 

(6) 

where Ap is the density difference between the two phases, w the 
angular velocity of rotation, and y the interfacial tension. Now 
(4) can be solved numerically to yield X, = 1/2r0 and Yo = d/2r0 
for any a. We used a numerical procedure to obtain a corre- 
sponding to the experimentally observed ratio YdX, = Ild. From 
the corresponding X, and Yo, r, can immediately be calculated 
and y follows from (6). The interfacial tensions obtained in thie 
way were compared to literature values and showed good 
agreement.16 

Fitting Data to the Szyszkowski Equation. A Levenberg- 
Marquardt algorithm was usedzo and convergence was usually 
reached within lese than 10 iterations. 

Determination of Cosurfactant Activitier from Their 
Distribution between the Oil and Water Phare. At equi- 
librium the distribution constant Ke and the experimentally 
accessible distribution coefficient K are related by 

(7) 

where the superscripts w and o refer to the water and oil phase, 
respectively, and x and f are the fractions (mass, mole, or 
whatever) and the activity coefficients of the coeurfectant. 
Measurement of K as a function of the cosurfactant fraction in 
the oil phase revealed that the data could be well described by 

x o  K = D + E -  
1 + x o  

Results for pentanol and hexanol are presented in Figure 2. 
Since salt is hardly soluble in the oil phase, we awume that 

the activity of the cosurfactant in the oil phase is independent 
of the salt concentration in the water phase and further that p 
= 1 at  C"N.CI = 0, at the low cosurfactant concentrations such as 
occur in the water phase. At finite salt concentrations,p appeam 
to be larger than 1; the cosurfactant is salted out. Ae xo - 0, f b  -. 1 and thus 
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Figure 2. Distribution coefficientKof pentanol(0) and hexanol 
(A) between cyclohexane and brine at  an NaCl concentration of 
0.20 M. x o  is the maw fraction in the oil phase aftar equilibration. 
Drawn lines represent the least-squares fit according to eq 8. 

lim K = K@f" = D 
r - 4  

Dividing (8) on both sides by D we immediately obtain the activity 
coefficient of the cosurfactant in the oil phase 

(10) 

which is enough for the determination of the surface excess as 
the activities can now be calculated. The activity coefficient in 
the water phase can also be determined. In Figure 3 results of 
K as a function of the salt concentration are given. Figure 3 
show a linear dependence of K on the salt concentration. We 
therefore define a salting out constant kw which wil l  be the only 
quantity which takes into account the nonideality of the 
cosurfactant in the water phase 

f" = 1 + kwcwNaCl (11) 

In ref 16 the validity of (11) was verified by measuring the 
interfacial tension of a system containing cosurfactant, water, 
and salt as a function of the salt concentration. By we of the 
measured value of kw (Table I), the cosurfactant interfacial 
concentration agreed with the one obtained by variation of the 
cosurfactant concentration. Equilibrium cosurfactant activities 
were calculated from the initial fractions in oil iteratively by (8), 
("),and (11) andmaw conservationwithintheexperimentalerror 
range. Values for the coefficients D, E, and k w  are presented in 
Table I. The value of kw in the pentanol system (0.62 f 0.03) 
is in good agreement with the one obtained in a system containing 
dodecane instead of cyclohexane (0.616).21 

Activity coefficients have also been obtained by IR spectros- 
copy and by Comparison with our results reveals 
that these appear to be weakly dependent on the alcohol chain 
length and the nature of the hydrocarbon. For example at  an 
alcohol concentration of 0.05 mol/dm3 the activity coefficients 
are0.700forpentanolincyclohexane (thiswork),O.736for hexanol 
in cyclohexane (this work), 0.811 for octanol in n-octane,22 and 
0.792 for dodecanol in n-octaneaZ2 The strongest nonideality in 
the above series occurs for pentanol which is a reflection of its 
more polar character. 

From Table I and (10) it follows that the tendency of the 
cosurfactant to reside into the oil phaee is strongly influenced by 
the amount of casurfactant already present, an indication of a 
multieeeociation equilibrium. In the limit of small concentrations, 
pentanol has a slight preference for the water phaee but hexanol 
is already nearly 5 times more soluble in the oil phase. 
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Figure 3. Distribution coefficient K as a function of the salt 
concentration for a few equilibrium pentanol (a, top) and hexanol 
(b, bottom) maw fractions in the oil phase. Maw fractions are 
indicated in the figures. 

Table I. Valuer for the Distribution Cmfflcients of the 
Cosurfactants Pentanol and HexnnoP 

pentanol hexanol 
D 0.86 4.9 
E 104.9 433.1 
kw/(moVL) 0.62 * 0.03 0.72 0.02 
D and E (eq 8) were determined at 0.2 M NaCl and kw is the 

mean value obtained for initial weight fractions of cosurfactant in 
cyclohexane between 0.02 and 0.30. 

Results and Analysis 

Parta a and b of Figure 4 show the interfacial tensions 
as a function of the logarithm of the SDS concentration 
in the aqueous phase at different initial weight fractions 
of pentanol and hexanol, respectively. Because of the low 
SDS concentration in the water phase, the SDS activity 
coefficient at concentrations below the cmc was assumed 
not to vary with the SDS Concentration. 

Except for the isotherm representing the initial pentanol 
weight fraction of 20 % , the Szyszkowaki equation appears 
to fit the data pointa quite well. In the case of low initial 
cosurfactant concentrations (57.6951, a good fit was 
obtained over the whole range of SDS concentrations used, 
even when CSDS = 0 is taken into account. At  higher 
concentrations the shape of the isotherm apparently 
becomes more "curved", indicating a stronger adsorption 
gradient in a comparable SDS concentration range, and 
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Table 11. cmc Values of SDS and Cosurfactant Activities 
in the Water Phase (0.2 M NaCl) am a Function of Initial 

Weight Fractions of Cosurfactant in the Oil Pham 

-1 4 

251 

-14 -10 
In (GSDS) 

Figure 4. Interfacial tensions between oil and water in the 
presence of SDS, salt, and pentanol (a, top) or hexanol (b, bottom) 
as a function of the SDS concentration in the water phase. 
Symbole A, 0, 0, 0, and + correspond to initial mass fractions 
ofO.O1,0.02 (a) or 0.03 (b),0.06,0.10, and0.20 (w/w),respectively. 
The isotherm correaponding to 0.076 (w/w) hexanol is not shown. 
The salt concentration in the water phase is 0.20 M. Solid lines 
correspond to Szyezkowski fib (as long as CSDS < cmc). 

a good fit could only be obtained without the point (CSDS 
= 0, yo). The reason for this is not understood. 

The shape of the adsorption isotherm corresponding to 
10% pentanol in the oil phase (Figure 4a) is somewhat 
deviating compared to the other ones. Comparing the 
resulta with those reported in ref 16 shows that this 
behavior at this particular pentanol concentration is 
reproducible. Comparing parts a and b of Figure 4 reveals 
that systems containing pentanol apparently form micelles 
or microemuleione at significantly lower SDS concentra- 
tions in water over the whole range of initial cosurfactant 
concentrations than the systems containing the same 
concentrations of hexanol in the oil phase. The cmc's as 
well as the cosurfactant activities in the water phase are 
listed in Table 11. From Table I1 it is clear that at equal 
concentrations of pentanol and hexanol in the oil phase 
pentanol has a larger effect on the value of the cmc of SDS 
because of ita higher activity in the water phase. 

In Table I11 single component adsorptions are given 
and a comparison is made between the SDS adsorptions 
assuming saturation adsorption in the vicinity of the cmc 
(Le. fitting thaee data points to a straight line) and 
calculating the interfacial concentrations at the cmc using 
the coefficients from the Szyezkowski fit according to (2). 
The number of points in Figure 4 used for the linear fits 

initial 
maea fraction 

0.00 
0.01 
0.02 
0.03 
0.05 
0.075 
0.100 
0.200 

pentnnol hexnnol 
cmc (mmol/L) a (mol/L) cmc (mmoVL) a (moUL) 

0.605 O.OO0 0.606 O.OO0 
0.283 0.043 0.310 0.011 
0.201 0.067 

0.227 0.018 
0.139 0.092 0.208 0.022 

0.173 0.024 
0.098 0.107 0.146 0.025 
0.068 0.124 0.125 0.029 

Table 111. SDS Interfacial Excess Concentrations 
Assuming Saturation Adsorption (FullsDs), Number of 

Points a t  SDS Concentrations in the Water Phase Lower 
Than the cmc Used for the Linear Fit (no. of points), 
Interfacial Concentrations at the cmc (r,,,..sDs), and 

Saturation Interfacial Concentrations (rem,-) Resulting 
from Fitting Data to Equation 2 as a Function of Initial 
Cosurfactant Weight Fractions in Cyclohexane (?hit)* 

.p. init . no. of 
(w/w) r,sDs pointa rwsDs rSDS,- 

Pentanol 
0.01 2.54 f 0.02 4 2.44 f 0.20 2.52 f 0.07 
0.02 2.10 f 0.05 5 2.12 f 0.06 2.24 f 0.03 
0.05 2.01 f 0.07 6 1.90 f 0.12 2.10 f 0.07 
0.10 1.81 f 0.07 8 1.66 f 0.21 1.66 f 0.08 
0.20 1.76 f 0.03 7 1.60 f 0.17* 1.76 f O M b  

Hexanol 
0.01 2.70 f 0.10 4 2.27 f 0.19 2.34 f 0.07 
0.03 2.17 f 0.06 5 1.92 f 0.11 1.95 f 0.03 
0.06 1.81 f 0.07 5 1.83 f 0.12 1.88 f 0.04 
0.075 1.86 f 0.05 6 1.91 f 0.16 1.91 f 0.06 
0.10 1.86 f 0.03 8 1.79 f 0.16 1.87 f 0.06 
0.20 1.71 f 0.06 7 1.58 f 0.10 1.60 f 0.04 
pure SDS (3.62 f 0.04) 3.44 f 0.19 3.46 f 0.06 

Pure pentanol: rP = 4.71 A 0.12c 
Pure hexanol: l'b = 4.65 f O.lac 

a The NaCl concentrations in the water phaee is 0.2 M. All 
interfacial concentrations are an pmoVL. Only the data pointa in 
the vicinity of the cmc were fit. No Szyszkowsky fit waa carried out; 
a plot of y versus In (a,) with a, ranging from 0.01 to 0.05 M in water 
yields a straight line, indicating that saturation adsorption is already 
attained at very low cosurfactant concentrations. 

is also indicated. It is clear that these results are highly 
comparable. Although strictly speaking the deviation from 
saturation adsorption (the value BIRT) at the cmc is not 
significant, the trend is about 2 4 %  lower. From Table 
I11 it follows that the interfacial concentration of SDS as 
a function of cosurfactant concentration at cosurfactant 
weight fractions higher than about 0.05 is almost constant, 
which implies, using a Maxwell relation emerging from 
(1) 

that the cosurfactant interfacial concentration as a function 
of the SDS concentration is ale0 constant. The cosur- 
factant interfacial concentrations are obtained by inter- 
polating the y-ln (CSDS) curves at several SDS concen- 
trations and fitting the data to the Szyszkowski equation 
(2) where the cosurfactant activity instead of ita concen- 
tration in the water phase Ci was used. 

Results for the highest SDS concentration at which no 
cmc is exceeded (0.066 moVL for system with pentanol 
and 0.123 mol/L for system with hexanol) are shown in 
Figure 5. 
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weight fraction <0.06) a strong pwhing out effect is 
observed, i.e. the area per SDS molecule increases dra- 
matically from 0.46 nm2 t~ about 1 nm2. At  higher 
concentrations, the composition of the interface remains 
nearly constant and a high packing density of the mixed 
monolayer compared to single component adsorptions is 
observed. 

-5 

Figure 5. Interfacial tension between oil and water in the 
presence of SDS, salt, and pentanol (solid lime) or hexanol (dashed 
line) BB a function of the logarithm of the cosurfactant activity 
(moVL). 

Table IV. Parameter Values for Cosurfactant Interfacial 
Excess Concentration According to Equations 2 and 3 

pentanol hexanol 
reo,- (rmol/m2) 4.44 0.06 4.46 & 0.10 
A (m0i/m3) 24.72 0.81 7.80 * 0.29 

Table V. Cosurfactant Interfacial Excess Concentrations 
(l',, rmol/m2), Adsorption Ratios (l'eo/I'8D8, mol/mol), Total 
Interfacial Excess Concentrations (l', + l'd,, rmol/mz) and 

Mean Molecular Areas (umsm, nm*)* 
x o .  mrt . rco rca/rsDs r,+ rsos omem 

Pentanol 
0.00 0.00 0.00 
0.01 2.85 * 0.09 1.12 
0.02 3.26 * 0.13 1.55 
0.05 3.55 * 0.15 1.77 
0.10 3.64 * 0.15 2.01 
0.20 3.73 * 0.15 2.12 
1.00 4.7 

0.00 0.00 0.00 
0.01 2.62 * 0.16 0.97 
0.03 3.15 0.19 1.45 
0.05 3.30 A 0.20 1.82 
0.075 3.38 * 0.20 1.83 
0.10 3.40 & 0.20 1.83 
0.20 3.51 0.21 2.05 
1.00 4.7 
a rlinSDS from Table I was used. 

Hexanol 

3.62 
5.39 
5.36 
5.56 
5.45 
5.49 
4.7 

3.62 
5.32 
5.32 
5.11 
5.23 
5.26 
5.22 
4.7 

0.46 
0.31 
0.31 
0.30 
0.30 
0.30 
0.35 

0.46 
0.31 
0.31 
0.32 
0.31 
0.31 
0.32 
0.35 

For the highest SDS concentrations at which no cmc is 
exceeded, values for reo,., and A in (2) are presented in 
Table IV. From (2) and Table IV we deduce that at initial 
weight fractions cosurfactant higher than about 0.05 
(corresponding to a pentanol activity of 9.20 X mol/L 
and a hexanol activity of 2.16 X moVL in the water 
phase) the cosurfactant interfacial concentration does not 
increase significantly although its saturation value as 
obtained from the Szyszkowski equation (2) is markedly 
higher. Table V gives some values of the cosurfactant 
interfacial concentration obtained from (2) and Table IV 
and a comparison of the adsorption ratios and packing 
densities of the two cosurfactants. 

From these resulta it follows that the molecular com- 
position of the interface is independent of the cosurfactant 
used and the behavior of the interfacial composition as a 
function of the cosurfactant concentration is highly 
comparable: at low cosurfactant concentrations (initial 

Discussion and Conclusion 

In this work, one of the questions we addressed is 
whether or not the composition of the interface changes 
if two slightly different cosurfactants are used. The answer 
appears to be very simple: it does not change significantly 
so the difference in phase behavior of the microemulsion 
systems observed must be due to a more subtle effect than 
just a difference in surface composition. A discueeion in 
terms of differences in the values of the bending elastic 
moduli and natural radii of the interface is presented in 
ref 5. 

It is proved that the approximation of saturation 
adsorption in the vicinity of the cmc gives rise to 
comparable interfacial concentrations to those obtained 
by the application of the Szyszkowsky equation over a 
broader range. From the application of the Szyszkowsky 
equation, it is however found that the SDS interfacial 
concentrations do not significantly differ from their 
saturation values but the cosurfactant interfacial con- 
centrations definitely do. Even at the highest cosurfactant 
concentrations, the saturation value is significantly higher 
than the interfacial concentration close to the cmc. 

The constancy of the interfacial composition as a 
function of the cosurfactant concentration is not in 
agreement with observations in other systems. Zhou and 
Dupeyrat* find, using lower cosurfactant concentrations 
(butanol, pentanol, and benzyl alcohol up to 0.10 (w/w)) 
and a rather high salt concentration (0.43 M), a strong 
competition effect over the whole range of cosurfactant 
concentrations in dodecane: in the pentanol system, the 
molecular area of SDS increases from 0.46 up to 1.8 nm2. 
As a consequence, a much higher cosurfactantlSDS ratio 
is found: I'JrsDs = 4.9. These results are qualitatively 
in agreement with calculations by Ruckenstein et al.= on 
systems in which the chain length of the linear alkane, the 
surfactant, and the cosurfactant are varied. Aveyard et 
al.' find an even higher Cosurfactant SDS ratio (FOdrsDs 
= 5.5) in a system containing octaaol (up to 5% (w/w)), 
cyclohexane, and 0.3 M NaCl at 30 "C. As pointed out in 
ref 16, the pentanol interfacial concentration used by 
Verhoeckx et alS6 is too high because of their assumption 
that the pentanol interfacial concentration in the mixed 
monolayer should be equal to its saturation adsorption 
value without SDS. This is in contradiction with (12) and 
the observation that I'sm for mixed adsorption is Merent  
from the value without pentanol. 

It is interesting to note that in all ~8888 discwed above, 
the mean area per molecule in the mixed monolayer is 
constant and equals approximatdyO.30 nm2, significantly 
lower than the values for single-component adsorption. 
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