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obtaining of information on the equilibrium properties from the
Isothermal mutual diffusion coefficients (D) have been mea- pehavior ofD with surfactant concentration.

sured for binary aqueous solutions of sodium alkylsulfonates at The chemical equilibrium model is one physical interpreta

25°C. The diffusion coefficient values drop as the concentration of tion of micelle diffusion present in the literature (9, 10). Using

micelles in the system increases. As the length of the hydrocarbon it and the fundamental transport equations, it is, pos.sible“'

hain i h in D i ingl . e .y o :

chain increases, the observed drop in D becomes increasingly relate the binary diffusion coefficient to equilibrium properties

sharp and shifts to lower concentrations. When the micellization I .
process is treated as a chemical equilibrium, diffusion coefficients such as the equilibrium constarit), aggregation numben,

lead to the calculation of the thermodynamic parameters associ- and condensed C.ount.erion num_bQ) (10). The conc.entration
ation number, n, and the equilibrium constant, K. These param- ~dependence of diffusion coefficients can be explained by an

eters are briefly discussed in connection with the alkyl chain length  lyzing the effect of micelle formation on the chemical potentia
of the surfactants. © 1999 Academic Press gradient (driving force) and on overall mobility (10).

Key Words: diffusion; micelle(s); sodium alkyl sulfonates. This treatment leads to an equation whBrés a function of
the diffusion coefficients of the actual species present in sol
tion (monomer surfactant, micelle, and free ‘Neounterions)

INTRODUCTION and equilibrium parameters of the micellization process. |

principle it is possible to fit this equation to the experiments

lonic surfactants are widely used as solubilizers and em@@ta to calculate equilibrium parameters. However, the lar
sifiers (1). In these practical applications, diffusion due taumber of adjustable parameters makes this quite difficult.

chemical concentration gradients (mutual diffusion) is quite In this paper we report mutual diffusion coefficients for
important. For example, this kind of diffusion occurs wheRinary aqueous solutions of alkyl sulfonate sodium saltsCH
aqueous detergents solubilize organic compounds. Howeu&rt:) -:i—SQ:Na, G,SNa] with an odd number of carbon at-

most of the literature on diffusion in surfactant solutions i@Ms in the chain. The measurements have been made ove
devoted to intradiffusion coefficient&j, which are related to Wide range of surfactant concentrations to study the effect
the Brownian motion of the species in a system with a unifor@ggregation orD. Finally, the mutual diffusion coefficients
chemical composition (2—6). were combined with intradiffusion coefficients of the micelle

In a binary solution, intradiffusion coefficients are an %w., in order to get the equilibrium parameters.
concentration-weighted average of the diffusion coefficients of Note that the paper presented here is a part of a ma
monomer surfactant and micelle (3) In contrast, the mutL@FtenSive work on sodium alkyl sulfonate binary solutions. Al
diffusion coefficient D) is ann? Concentration_weighted av- the intradiffusion coefficients presented here are given in Re
erage of the diffusivity of the species present in the systeffence 11.
wheren is the aggregation number (7). This is true for both
nonionic and ionic surfactants. Although in this latter case the EXPERIMENTAL
expression foD is complicated by the presence of counter-
ions, they impose the necessary electroneutrality condition orMaterials. Sodium pentylsulfonate (SNa), sodium hep-
the motion of various ions. This important feature favors thglsulfonate (GSNa), and sodium nonylsulfonate §&Na)
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MUTUAL DIFFUSION MEASUREMENTS 9

were purchased from Sigma Chemical Co. (98.5% puritylith equilibrium constant

sodium undecylsulfonate ((SNa) was purchased from Tokyo

Kasei (98% purity). All chemicals were dried under vacuum [S,M,]

before use and used without further treatment. K= [ST M 3]
The molecular weights of SNa, GSNa, GSNa, and

C.;,SNa were assumed to be 174.20, 202.25, 230.30, &fleren andq are the aggregation number and the number

258.36 g mol’, respectively. counterions bound to each micelle, respectively, and ide
Density measurementsThe density of each solution usedbehavior is assumed.
in a mutual diffusion run was measured with an Anton Paar Figures 1 and 2 show the behavior of the diffusion coeffi
Model 602 densimeter. The temperature of the densimeter vea@nts of the various surfactants as a function of the square rc
regulated at 25.06- 0.01°C. of the surfactant concentration. The diffusion behavior of mi
The density meter was calibrated using air at known press@@llar electrolytes can be explained by studying the changes
and humidity and double-distilled water (assumed densipgobility and thermodynamic factors through the micellizatior
0.997044 kg dm’) as the references. All the experimentaprocess. Mutual diffusion coefficients are given by
densities are collected in Table 1.

Diffusion measurements.The mutual diffusion coefficients D = AA( C a“) [4]

were measured by a Gouy diffusiometer (8) automated to scan aC/)’

Gouy fringe patterns and record fringe positions during each

experiment. A Model Il fx Macintosh computer was used twhere.t, ., andC are the mobility, the chemical potential of

control the scanning apparatus and calculate the fringe miniihg surfactant, and the surfactant concentration, respectivel

from fringe intensity profiles (12). The light source was a With the chemical equilibrium approximation for the mi-

Unifas PHA SE 0.8-mW neon—helium laser operating at 632¢8llization process, and assuming that micelles are a monod

nm. The temperature was regulated at 25:00.01. perse species, Evans (9) and Leaist (10) derived an expli
The diffusion coefficients were calculated by a set of pr&duation for the thermodynamic factor and mobility,

grams well described in the literature (13, 14). Table 2 collects

experimental diffusion coefficients for each surfactant. The/  dp

corresponding diffusion coefficients at infinite dilution are (Cac

collected in Table 3. They were calculated with Nernst's equa-

tion, and

C;+C,+ (n—q)°Cy 5
C,C, + gC,Cy + n?C,Cy [5]

) — B(C) = RTC

M A s [ 7 TRTC  CD;+CD,+(n- ¢ CuDy
(6]

whereA”, AT are the limiting ionic conductivities of anionic
surfactant and sodium ion, respectively, &ds the Faraday
constant. The limiting ionic conductivities” were obtained
through a least-squares fit of literature data (15), &htbr the

so that

o _ CCDD; + q2C,CyD;Dy, + N2C,CyyD,Dy,

Na’ ions was assumed to be 50.10%c8imol * (16). CiD; + C,D, + (n — q)°CyDy
% C1+C2+(n_Q)2CM 7
RESULTS AND DISCUSSION C.C, + 9°C,Cy + n°C,Cy’ [7]

Sodium sulfonates are completely dissociated in dilute aqu¥bere subscripts 1, 2, and M refer to the monomer anic
ous solutions, but as the micelles are ionic, association défisS + the free N&, and the micelle, respectively, ar@ =
nitely occurs between sodium counterions and micelle polg—1 + nCuy. ) o )
ions. For moderately short hydrocarbon chain surfactants, suctp!Nce the transport of a micelle offers less frictional resis

as those presented in this paper, the micellization process L€ than the transport of the separate monomers, the mobi
be described in terms of the chemical equilibrium (17, 18) of the total surfactant component (Eg. [6]) increases when tl
system is dominated by the presence of micelles. In contra

the thermodynamic factor (Eqg. [5]) decreases with increasir
nS™ +gM* = (SMy "9, [2] surfactant concentration (see Fig. 3) because an increase in
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TABLE 1
Density Data for the Binary System Alkyl Sulfonate-Water at 25°C

CsSNa GSNa GSNa C;SNa

m d m d m d m d m d
(mol kg ™) (kg dm™®) (mol kg ™) (kg dm?) (mol kg™) (kg dm™®) (mol kg ™) (kg dm™?) (mol kg ™) (kg dm™®)

0.00000 0.997044 0.34619 1.016036 0.00000 0.997044 0.00000 0.997044 0.00000 0.997
0.00375 0.997271 0.39444 1.018551 0.02813 0.998575 0.01033 0.997575 0.00060 0.997
0.01088 0.997623 0.43415 1.020670 0.07744 1.001154 0.02646 0.998320 0.00328 0.997
0.01237 0.997756 0.45145 1.021518 0.12683 1.003694 0.04022 0.999054 0.00746 0.997
0.01325 0.997819 0.45607 1.021701 0.17042 1.005863 0.05175 0.999666 0.01992 0.997
0.02020 0.998200 0.49225 1.023468 0.20917 1.007730 0.06455 1.000180 0.02642 0.99¢
0.02200 0.998259 0.52630 1.025192 0.25496 1.009955 0.06721 1.000463 0.03034 0.99¢
0.02843 0.998711 0.54200 1.026035 0.27500 1.010837 0.06742 1.000513 0.03571 0.99¢
0.02914 0.998705 0.54703 1.026302 0.32499 1.013198 0.07301 1.000682 0.04283 0.99¢
0.03004 0.998807 0.60187 1.028905 0.33772 1.013823 0.07620 1.001038 0.05840 0.99¢
0.03516 0.999056 0.62362 1.029757 0.35320 1.014518 0.08267 1.001124 0.06363 0.99¢
0.04136 0.999472 0.63388 1.030378 0.37556 1.015434 0.09018 1.001526 0.06365 0.99¢
0.05002 0.999927 0.63989 1.030658 0.38053 1.015625 0.09935 1.001849 0.07843 1.00C
0.05624 1.000257 0.68939 1.033120 0.42497 1.017476 0.10485 1.002077 0.09709 1.00C
0.05859 1.000497 0.72969 1.035046 0.42554 1.017334 0.10698 1.002134 0.12844 1.001
0.06679 1.000776 0.77671 1.037245 0.45088 1.018497 0.11517 1.002429

0.06869 1.000874 0.84547 1.040458 0.47481 1.019398 0.13575 1.003406

0.07226 1.001187 0.85653 1.040825 0.47529 1.019453 0.16451 1.004333

0.07279 1.001213 0.92430 1.043924 0.52468 1.021357 0.23597 1.007028

0.07639 1.001405 0.94051 1.044666 0.54256 1.022078 0.27942 1.008581

0.08702 1.002064 0.97371 1.046090 0.57306 1.023102 0.32002 1.010041

0.09101 1.002134 1.01177 1.047577 0.58800 1.023771 0.36395 1.011704

0.09154 1.002263 1.02365 1.048243 0.62206 1.024953 0.42021 1.013392

0.09207 1.002282 1.03194 1.048538 0.68505 1.027256 0.46364 1.014991

0.09882 1.002736 1.10227 1.051535 0.84158 1.032736 0.53112 1.017231

0.09896 1.002745 1.11783 1.051987 0.97493 1.037323 0.75432 1.024090

0.11158 1.003392 1.22307 1.056370 0.97493 1.037323 0.86112 1.027330

0.11415 1.003533 1.24973 1.057395 1.16909 1.042997 1.04511 1.032670

0.11928 1.003704 1.28470 1.059509 1.16909 1.042997

0.12817 1.004245 1.35306 1.061537 1.23067 1.044846

0.13551 1.004633 1.35729 1.061534 1.23067 1.044846

0.14199 1.005201 1.41260 1.063450 1.99566 1.065932

0.14337 1.004997 1.41422 1.064416 2.78637 1.083195

0.15024 1.005489 1.42449 1.063899

0.15700 1.005903 1.43106 1.064235

0.19724 1.008067 1.53972 1.068053

0.19908 1.008149 1.59386 1.070117

0.20120 1.008226 1.67950 1.072882

0.21849 1.009415 2.69629 1.103570

0.22485 1.009558 3.17506 1.115019

0.25400 1.011073 3.21686 1.116733

0.29691 1.013444 3.39001 1.119571

0.34301 1.015894 3.58380 1.123825

0.34532 1.016185 3.95880 1.130966

micelle concentration causes a decrease in the total numbemset in Fig. 1). In the first region, at low concentration, the
particles in the system, which lowers the free energy gradieaystem is characterized by the presence of the monomebDsalt

i.e., the driving force for diffusion. is given by the diffusion coefficient of the aggregate surfactan
The balance of these two effects is responsible for thits value decreases slightly and can be extrapolated at infin
diffusion coefficients’ behavior. dilution as a linear function of the square root of concentratiol

From a qualitative point of view it is possible to recognizén the second region, there is a sharp decrease of the diffusi
three regions in the diffusion coefficients’ behavior (see tteoefficient; here th® value is due to the contribution of the
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TABLE 2
Diffusion Data for the Systems CsSNa-Water, C,SNa-Water, C,SNa-Water, and C,;SNa-Water at 25°C
Mpottom Miop Cav AC D x 10°
(mol kg™ (mol kg™) (mol dm™®) (mol dm3) I (cm?s™)

CsSNa—water

0.08702 0.00375 0.04480 0.08212 68.29 0.9297
0.09882 0.01237 0.05484 0.08506 72.57 0.9176
0.14199 0.05624 0.09744 0.08350 72.78 0.9094
0.21849 0.11928 0.16475 0.09501 78.56 0.9041
0.34301 0.25400 0.28706 0.08268 69.67 0.8895
0.43415 0.34532 0.37089 0.08076 69.51 0.8636
0.54200 0.45145 0.46696 0.08031 65.79 0.8443
0.72969 0.63989 0.63019 0.07626 64.40 0.8147
0.94051 0.84547 0.80286 0.07698 62.34 0.7672
1.11783 1.01177 0.93933 0.08265 66.49 0.6854
1.28470 1.20038 1.07523 0.06316 50.59 0.5790
1.41422 1.35306 1.17936 0.04441 30.80 0.4901
1.67950 1.59386 1.35804 0.05884 42.22 0.3727
2.02870 1.95300 1.59236 0.04820 35.22 0.3012
3.17506 3.01952 2.22160 0.07897 52.00 0.2932

C,SNa-water

0.07276 0.02813 0.04985 0.04384 45.55 0.8766
0.12683 0.07744 0.10023 0.04778 48.93 0.8412
0.17042 0.12818 0.14558 0.04030 41.10 0.8381
0.25496 0.20917 0.22357 0.04262 43.27 0.7946
0.33557 0.25986 0.28397 0.06911 73.49 0.7253
0.32499 0.27500 0.28615 0.04560 46.07 0.7199
0.35320 0.31281 0.31615 0.03649 36.38 0.6038
0.38053 0.33772 0.33964 0.03837 37.01 0.4782
0.42554 0.37556 0.37653 0.04425 39.35 0.3593
0.47481 0.42497 0.41989 0.04348 40.59 0.3011
0.54256 0.45088 0.46028 0.07888 74.05 0.2705
0.52468 0.47529 0.46328 0.04246 39.33 0.2703
0.62206 0.57306 0.54596 0.04093 37.26 0.2572
0.84158 0.77299 0.71581 0.05390 49.44 0.2541
1.04648 0.97493 0.87115 0.05309 48.44 0.2592
1.23067 1.16909 1.00799 0.04340 40.16 0.2765

CoSNa—-water

0.04022 0.01033 0.02504 0.02953 36.10 0.8408
0.06455 0.02646 0.04494 0.03736 44.38 0.7958
0.06742 0.03441 0.05026 0.03232 41.68 0.7981
0.07620 0.04459 0.05953 0.03084 36.06 0.8075
0.08999 0.05175 0.06970 0.03716 45.77 0.8209
0.09018 0.05812 0.07291 0.03112 36.98 0.8049
0.09935 0.06721 0.08175 0.03109 36.73 0.5098
0.10698 0.07301 0.08824 0.03279 38.19 0.3031
0.11517 0.08267 0.09684 0.03127 35.51 0.2454
0.13575 0.10485 0.11733 0.02950 32.85 0.2200
0.23597 0.16451 0.19232 0.06621 73.50 0.2611
0.32002 0.27942 0.28296 0.03625 39.91 0.3113
0.42021 0.36395 0.36400 0.04858 51.82 0.3470
0.53112 0.46364 0.45321 0.05615 60.81 0.3713
0.57203 0.52671 0.49617 0.03704 41.21 0.3590

C.:SNa—-water

0.019916 0.00060 0.01018 0.01918 27.66 0.7927
0.063653 0.03571 0.04896 0.02727 35.44 0.2239
0.078432 0.04283 0.05960 0.03457 44.09 0.2463
0.092910 0.05840 0.07414 0.03329 43.37 0.2837
0.128437 0.09113 0.10682 0.03546 49.39 0.3412

Note. Mowom mMolality of bottom solution for each diffusion rum), molality of top solution;C.,, average concentratiolyC, concentration difference
between bottom and top solutionS . — Cuop); Jm, total number of Gouy fringes, in terms of refractive index differeno®,; between bottom and top solutions
at the He—Ne laser red lighh (= 632.8 nm),J,, = 3.951 X 10° An.
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TABLE 3 0.9 ] | ! | | i 1
Intradiffusion and Limit Mutual Diffusion Coefficients
of Sodium Alkyl Sulfonate at 25°C 0.87 i
Gy X 10° D* X 10° 0.7 1 i
ne (cm*s™) (cm*s™) Dxi O_ B
cm 2S !
5 0.17 1.010 0.5 =
6 0.17 0.972 4
7 0.17 0.946 0.4 -
9 0.14 0.886 8 .

11 0.11 0.830 0.3 7 B
Note.%, from Ref. 11.D” from Eq. [1]. 027 i
2 From Ref. 19. )

0.1 T T T T T T T T
0.0 0.050 0.10 0.15 0.20 0.25 0.30 0.35 0.40

NG Jmol V2 dm3R

faSt.er monomer Sl'frfaCta'j't and the slower micelle. In the_ thirdFlG. 2. Diffusion coefficients of G;SNa in aqueous solution at 25°C. Full
region the system is dominated by the presence of the miceliggs, data computed through Eq. [7].

and, depending on the alkyl chain lengf,is constant or

increases with the surfactants’ concentration.

For C,SNa, GSNa, and G,SNa, in fact, the mutual diffu- tal diffusion coefficients by an iteration procedure involving
sion coefficients at high surfactant concentration increase pgth Eq. [3] and Eq. [7] to obtain the equilibrium parameters
the dragging effect of the faster sodium counterion on ttfe andK. However, because of the high number of adjustab
slower micelle species (9, 10). This is obviously related to tiarametersd,, D,, Dy, g, n, K) the fitting of Eq. [7] to the
charge of the micelleq — n). experimental diffusion coefficients is quite poor.

In the case of ¢SNa, the higher value of the CMC causes a T avoid this, it is more useful to make the following
significant presence of surfactant monomer, even at high raproximations.

celle concentration. Within the explored concentration the (i) The diffusion coefficientD,, of sodium counterion can

monomer species acts as an added electrolyte so that fa€ajuated in the whole range of explored concentration |
presence of free counterions is always large enough to dajpg equation (22, 23)

the dragging effect of the faster sodium ion, thus preventing the
D increase (19—21). The same effect was found for ti8\Na D, X 10° (cm?s™) = 1.334— 0.779C}* + 1.635C,
solutions (19). 302 2 5/2
. , . —1.789C3'“+ 0.989C5 — 0.21483'%, [8
As mentioned above, Eq. [7] can be fitted to the experimen- 2 2 (8]
whereC, is the concentration of the free sodium ion.
The above equation was computed from the experiment
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Mx10 Jom 2 sT L
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®

FIG. 1. Diffusion coefficients of agueous sodium alkyl sulfonates solu-
tions at 25°C: 1, €SNa; 2, GSNa; 3, GSNa (inset, diffusion coefficients of
C,SNa, the different behavior as concentration increases is evidenced). FulFIG. 3. Comparison of mobility (Eq. [6]) and thermodynamic factor (Eq.
lines, data computed through Eg. [7]. [5]) for the C,SNa solutions.
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diffusion coefficients of NaCl at 25°C (22) using literature so4+——-t————+ 11— 1 I
transference data (23) to separate the Nan contribution
from that of the CI ion according to the Nernst—Hartley vo-
equation.

(i) The diffusion coefficient of the monomer surfactant " ]
anion can be evaluated from the behaviobgfin the range of 30 -
concentrations where the system is dominated by the presence,
of monomer surfactant. A reasonable approximation is to ex;, |
tend Eg. [8] to the whole range of concentrations taking into
account the actuaC, concentration given by Eg. [3D, can |
be computed from the experimental diffusion coefficielts,
using the Nernst—Hartley equation for 1-1 electrolytes,

0 T T T T T T T
D= 2D,D, [9] 0 é 1lo 1l5 (n |_5)2 2|5 3lo sls 40
= — c
D, + D)’
FIG. 4. Graph of Eq. [14]. Relation between the aggregation nunther,
whereD, is given by Eq. [8]. and the number of methylene groups in the alkyl chain of sodium sulfonate

The following equations were fitted to the experimental
D, in the moderate dilute solution of the various surfactants

examined: lim Dy = By. [13]
Cu—0
D, X 10° (cm*s™!) = 0.8110-0.433@}%+ 0.792%,

—0.6824C%¥2 (C,SNa) [10] According to Eq. [13] the intradiffusion coefficierib,
measured by the NMR technique extrapolated to the hypothe
D; X 10° (cm?s™") = 0.7319-0.17287"? ical CMC (chosen at the concentration where Mesharply
+0.2196C, (C,SNa) [11] d_ecreases) shquld correspond to the mutual diffusion coef
cients of the micelle.
D, X 10° (cm?s %) = 0.6628-0.224612 (C,SNa. [12] We assume these values D5, and consider them to be
Lo . . . independent of surfactant concentration in the fitting of Eq. [7
(iii) Optimization of the iterative process still needs a valuq‘,he D,, values are collected in Table 3.

of Dy. The evaluation ofD, is possible by experimental The equilibrium parameters, g, andK are now obtained
mutual diffusion techniques only for nonionic and short alky | - Egs. [3] and [7] for each1 sédium alkyl sulfonate—wate
electrolyte surfactants. In both cases the diffusion coefficierét%tem_ Those values are given in Table 4.

do not increase in the micellar region (19).

The values used here f@, were the limiting values of
intradiffusion coefficients obtained by the pulsed gradient spin-
echo (PGSE) NMR technique, following the signal of tetra-
methylsilane (TMS) d|s§qlved n thg mpellg (see CompanlcWandK, increase along the sulfonate series. This is reasonal
paper, Ref. 11). In fact, it is possible in principle to assume t

at infinite dilution the intradiffusion coefficient approaches thgtking into account that the micellization process is dominate
micelle interdiffusion coefficient (8, 24, 25): y the hydrophobic interaction among the surfactant mole

cules. This interaction of course increases with the length
the alkyl chain.

EQUILIBRIUM PARAMETERS

Inspection of Table 4 shows that the equilibrium parameter

TABLE 4 . . . .
Equilibrium Parameters of the Micellization Process for the Aggregatlon numbers n.The following equatlo.n fits the
Sodium Alkyl Sulfonate Binary Systems at 25°C values with the number of carbons, (see Fig. 4);
AG* n=(9+1) +(1.02+ 0.06)(n,— 5)2 (ne=5). [14]
n. n a/n In K (kJ mol™) ] ] . ] .
Ratio g/n. This value is quite constant for the highey
5 9 0.6 —7.00 1.93 values in the series and equal to 0.8. The large valugrofs
6 10 0.8 3.9¢ —0.79  indicative of the polyelectrolyte behavior of micelles. In fact
! 12 08 18.19 ~3.76  \where the aggregation number becomes large enough, -
9 28 0.8 119.79 —10.60 ; .
11 45 08 297 14 _1636 Charge density on the micelle surface also becomes lar

enough to promote the counterions’ condensation effect d
2 From Ref. 19. scribed for polyelectrolyte solutions (26-28).
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5.0 ' ' : ' ' ' : l0g;o(CMC) = 1.45(+0.04)-0.284+0.005n.. [18]

004 . We note that the slope is 0.5 for nonionic surfactants (18
AG® | | while itis 0.29-0.30 for the ionic (19) ones in good agreemer
kJ mal ! with our value.

507 i Finally, for the G,SNa system it was not possible to mea:

sure theD in the whole range of concentration. The analysis ©
10,0} L runs was quite difficult in the region where the diffusion
coefficients decrease sharply. The Gouy fringe pattern show
an unusual shape, probably due to the high concentrati
dependence oD in that region. Therefore, the equilibrium
parameters for this system were evaluated by extrapolation
-20.0 , T . | | , | those measured for the other members of the series. T
4 s ¢ T M ° 10 " 2 diffusion coefficients were fitted reasonably well by Eq. [7]
FIG. 5. Standard free energy of micellization (data from Table 4). using the following parametersD; X 10° = 0.6027-
0.2437C1% D, X 10° = 0.110cnis ™, n = 45,q = 36, In
K = 56 (K in dm* mol™*).

-15.0 -

The lowerg/n value found for the ¢SNa surfactantd/n =
0.6) may berelated to a lower charge density of the micelle CONCLUSION
surface. It does not promote a dragging effect, as should be _ - o
expected, because the high concentration of monomer speciekhis paper has provided mutual diffusion coefficients for a

in solution damps this effect, as noted before. important class of ionic surfactants.
The micellization process can be easily followed by analyz

the diffusion behavior in terms of the chemical equilibriun
model. The values of the mutual diffusion coefficients, foun
by means of some reasonable approximations, can lead tc
good determination of the equilibrium parametrsn, andq.

Equilibrium constant. The equilibrium constant increases
in the series as well as the absolute value of the standard Gi
free energy of micellization (see Table 4G° for the mi-
cellization process refers to 1 mol of surfactant:

s 4 % Na* = % (S:Na) 9. [15] ACKNOWLEDGMENT

This research was carried on with the financial support of the lItalia

It was calculated by using the expression MURST (Cofin.97 CFSIB) and the Italian CNR.

RT REFERENCES
AG° = ——In K. [16] ) o I . )
n 1. Mittal, K. L., “Micellization, Solubilization, and Microemulsions,” Vols.

1-2, Plenum, New York, 1976.

. . o . . 2. Lindman, B., Puyal, M. C., Kamenka, N., Brun, B., and Gunnarsson, G
Inspection of Fig. 5 shows that theG® is a linear function of 3. Phys. Chem86, 1702 (1982).

the carbon chain: 3. Nilsson, P. G., and Lindman, B, Phys. ChenB7, 4756 (1983).
4. Stilbs, P.J. Colloid Interface Scig87, 385 (1982).

AG® (kJ mo|—1) = (17.9+ 0.8) — (3.15+ 0.15n,. [17] 5. II;/:::]aJ,mK.NI;I,V e\l(r;(:kLnglian, B., “Surfactants in Solution,” Vols. 1-3.

6. Langevin, D.Annu. Rev. Phys. Chem3, 341 (1992).
From this equation it is possible to compute the contributiorT. Leaist, D. G.J. Chem. Soc. Faraday Trang0, 3041 (1984).
of each methylene group to the totAlG°® of the process: 8. Tyrrell, H. J. V., and Harris, K. R., “Diffusion in Liquids.” Butterworths,
AGY,, = —3.15+ 0.15 kJ mol™. This datum is in quite good _ London, 1984. :
. . 9. Weinheimer, R. M., Evans, D. F., and Cussler, EJLColloid Interface
agreement with the corresponding value found for the polyoxy-" o g5 357 (1981)
) o 1 _ .80, :
ethylene chainsAGc,, = —2.8 kJ mol~ (29, 30) (see Fig. 5). 10. Leaist, G. D.J. Colloid Interface Sci111,230 (1986).
Finally, treating the micellization process of the alkylsulfoi1. Annunziata, O., Costantino, L., D’Errico, G., Paduano, L., and Vitaglianc
nates surfactant systems according to the phase separatiofY. J- Colloid Interface Sci216,16 (1999). _
model, it is possible to determine the values of CMC. Thjg' Paduano, L., Sartorio, R., Vitagliano, V., Albright, J. G., and Miller, D. G.,
logarithms of these values, reported in the companion pa 3. Phys. Chemo6, 7478 (1992).
g - ' p p p pﬂ.’ Miller, D. G., Sartorio, R., and Paduano, 1.,Solution Chem96, 7478
Ref. 11, are a linear function of the number, of carbon (1992).

atoms in the hydrocarbon chain: 14. Albright, J. G., and Miller, D. G.J. Phys. Chem@3, 2163 (1989).



15.

16.

17.

18.
19.

20.
21.

22

MUTUAL DIFFUSION MEASUREMENTS

Clunie, J. S., Goodman, J. F., and Symons, PJ.GCChem. Soc. Faraday 23.
Trans.63, 754 (1967). 24,
Robinson, R. A., and Stokes, R. H., “Electrolyte Solutions,” 2nd ed25.
Appendix 6.2. Academic Press, New York, 1959. 26.

Corkill, J. M., Godman, J. F., and Harlod, S. P.Chem. Soc. Faraday

Trans.60, 202 (1964). 27.
Wennerstrom, H., and Lindman, Bhys. Rep52, 1, (1979). 28.
Paduano, L., Sartorio, R., Vitagliano, V., and CostantinoJLColloid 29.

Interface Scil89,189 (1997).

Leaist, D. G.J. Solution Chem20, 187, (1991).

Deng, Z., Lu, H., and Leaist, D. Gl, Chem. Eng. Datd1, 214 (1996).
. Vitagliano, V., and Lyons, P. AJ. Am. Chem. So@.38, 1549 (1956).

30.

15

Caramazza, RGazz. Chim. 1tal90, 1839 (1960).

Sundelof, L. O.Ber. Bunsenges. Phys. Che83, 329 (1979).
Kratohvil, J. P., and Aminabhavi, T. Ml, Phys. ChenB6, 1254 (1982).
Fuoss, R. M., Katchalsky, A., and Lifson, Brpc. Nat. Acad. ScB7,579
(1951).

Oosawa, F.J. Polymer Sci23, 421 (1957).

Manning, G. S.J. Chem. Phys51, 924 (1969).

Meguro, K., Ueno, M., and Esumi, Kin “Non-ionic Surfactants”
(M. J. Schick, Ed.), Surfactant Science Series Vol. 23. Dekker, Ne\
York, 1987.

Ortona, O., Vitagliano, V., Paduano, L., and Costantino,JL Colloid
Interface Sci203,477 (1998).



	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	TABLE 1
	TABLE 2
	TABLE 3
	FIG. 1
	FIG.2
	FIG. 3
	TABLE 4
	FIG. 4

	EQUILIBRIUM PARAMETERS
	FIG. 5

	CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES

