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ABSTRACT

This paper reports conductmetric investigations of some ionic surfac-
tants using Lee-Wheaton equation. Two sets of electrical conductivities
of agueous solutions of anionic sodium dodecy! sulfate (SDS), sodium
dodecyl benzene sulfate (SDBS) and cationic cetyltrimethylammonium
bromide (CTAB), below and above critical micelle concentrations (CMC)
have been measured at different temperatures. At concentrations below
than CMC application of Kohlrausch’s model show abnormal relation-
shipsfor all surfactants and application of Lee-Wheaton equation cannot
proceed. While, at concentrations over CMC, Lee-Wheaton model is ap-
plicablewith nological results. It was concluded that L ee-Wheaton equa-
tion does not recognizes the formation of micelles and care should be
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taken for treating self assembly compounds using this equation.
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INTRODUCTION

Thedual natureof surfactantsmolecules; both hy-
drophilicand hydrophobic characteristicsinasinglemol -
ecule having significant affectsin outcoming useful and
interest solution properties. It isapparent that theem-
ployment of theseampliphilic moleculesin enormous
aspectsincreases day by day!'*3. Thesignificanceim-
portance of these mol ecul es become as attracting fac-
tor for scientist to do moreinvestigationsusing their
specid fadllities. For example, ionic surfactants(sodium
dodecyl sulfate; SDSand cetyltrimethylammonium bro-
mide; CTAB) have been explored by Huibersusing
quantum mechanica calculationg?.

Whatever, therelatively long chain of hydropho-
bic group may play agood roleinthe electrolytic be-
havior of ionickind of surfactants molecul es. Further-
more, it was proposed by most scientiststhat these
chainsareresponsiblefor the self assembly of surfac-
tants in agueous solution. On the other hand, Lee-
Wheaton equation considered to be the most ad-
vanced modd dealingwithionsin solution®. Theequa:
tion describesionic transportsin solution containing
any number of ionic speciesof any valancy type, and
henceissuitablefor usewith symmetrical, asymmetri-
cal or mixed electrolytes®. Most applicationsof Lee-
Wheaton equation have been captured to inorganic
saltsand complexes”™. No employmentsof thisequa-
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tion to surfactants or even long chain moleculeshave
beenfoundinliteratures. Therefore, it seemsinterest-
ing to investigate the common ionic surfactants (an-
ionic SDS, sodium dodecyl benzene sulfate; SDBS
and cationic CTAB) by thisequation in order to get
information which might be useful for e ucidation the
behavior of surfactantsin aqueous solution.

EXPERIMENTAL

M aterialsand measurements

All used surfactantswereanaytica gradecommer-
cia products. Conductivity water was used for prepa-
ration of al solutionswith specific conductance of 3-5
uS.cm™. All conductivity measurementswerecarried
out using HANNA EC 214 conductivity meter with
accuracy of £0.01 uS.cm™. Inorder to control thetem-
peraturewithin+0.1 C°, awater circular thermostat
Thermo Hakke K20 was used. A closed Jacket Cell
connected to thethermostat usingisolated rubber tubes
wasused. All measurementswas carried out after stir-
ring for awhile using magnetic stirrer instead of nitro-
gen gas. Thelatter causing bubbles dueto presence of
surfactants which therefore avoided. 0.1 M of used
surfactantswasfreshly prepared as stock solution. In
order to make the measurements more accurate, the
volumesof al measured sol utionshave been estimated
through weight instead of direct volumetric determina-
tion. Thisdueto thefact that the produced bubblesdue
to presence of surfactants particularly at thetop of so-
[utionwould definitely disturb the observation of solu-
tionleve. 35 ml of water wasplaced in conductimetric
cdl and thenthestock solution wasadded using plastic
syringe. After each addition the solution wasmixed us-
ingmagnetic dtirrer.

Theor etical calculations

The used surfactantsin presented work are con-
sideredtobeas1:1 symmetrica electrolytd®. Thelat-
ter obey to thesmplest form of Lee-Wheaton equation
intheform described by Pethybridge and Taba®:

A =yA[1+C, (Bx) +C,(Bx)* + C,(Bx)°] -

P 2 @
(14 xd) [1+C,(Bx) + C5(Bx)* +xd/12]

Where A isthe experimental molar (equivalent) con-
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ductivity (S. cm?2.mol?), y is the fraction of free
(unassociated) ions, A° isthelimiting molar conductiv-
ity of surfactant, all other symbolsarewell defined and
illustrated in Ref. 6.

RESULTSAND DISCUSSION

Itiswell known that surfactantsmoleculestend to
makemicellesat certain concentrationsca led ascritical
micdleconcentration (CMC). Such phenomenon aitracts
usinorder toinvestigate the e ectrochemica behaviors
of thiskind of moleculesat concentration below than
CMC. In other word, no one certain about the state of
existenceof surfactantsmolecules; i.e. surfactantsmol-
eculesexistinasinglestateinthewater-air interface at
pre-micellization process? Therefore, concentrations
range 1.6x10°- 5x10*M (under CMC) of used surfac-
tantshasbeen employed for conductmetric messurements
at different temperatures. Figures 1-3 exhibit theresults
of gpplication Kohlrausch’s for SDS, SDBS and CTAB
at 25°C respectively. Indeed, these show abnormal rela
tionshipsin contrast to these well known of common
strong and weak el ectrolytes. However, practically we
havefoundthat Lee-WWheston equation cannot treet these
datain addition to otherswhich havebeen measured at
different temperatures (10, 15, 20 and 30°C). Therea
son for thismay beattributed to thefollowing two fac-
torswhich arisenfrom somespecia charactersof these
molecules. Themoleculeswill beat thesurfacein order
to reducethefree energy caused by therepulson of hy-
drophobictail of surfactant with water molecules. The
second ismay berelated to the formation of dimmer,
trimmer, tetramer and so onunder CMC.
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Figurel1: Plot of the equivalent conductivity against the
sguareroteof molar concentration of SDSat different tem-
peratures.
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Figure 2 : Plot of the equivalent conductivity against the
squar e rote of molar concentration of SDBS at different
temperatures.

In order to get moreinformation about the applica
bility of Lee-Wheaton equation on surfactantsmolecules,
Concentrationsover CM C weretaken under our inves-
tigations. TABLES 1-3list theequiva ent conductivities
asfunction of concentrationsat different temperatures
for SDS, SDBSand CTAB respectively, While, Figures
4-6 present the application of these results to the
Kohlrausch’s model. The latter Figures show apparently
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Figure 3: Plot of the equivalent conductivity against the
squarerote of molar concentration of CTAB at different
temperatures.

that the results over CMC are more applicable to
Kohlrausch’s law in contrast to these of Figures 1-3.
Interestingly, theresultsof TABLES 1-3werefoundto
be applicable to Lee-Wheaton equation as given in
TABLES 4, 5 and 6 for SDS, SDBS and CTAB re-
spectivey. Inather word, therdativesmd| vauesof what
have ca culated using equiation 2 indi catethe good gppli-
cability of Lee-Wheaton equation for such treatment®.

TABLE 1: Theequivalent conductivities(S. cm?.mol™) with themolar concentration for SDSin different temperatures.

293.16 °K 298.16 °K 303.16 °K 208.16 °K 313.16 °K 318.16 °K

M x10? A M x10? A M x10? A M x10? A M x10? A M x10? A

0.087 43595 0084 49.972 0.082 56217 0.086 60414 0087 68504 008 72.887
0171 43066 0168 46718 0.170 65488 0.170 58201 0175 66.070 0172 68.393
0257 42153 0253 46907 0.258 53558 0.253 58617 0259 64372 0256 70.826
0340 41.780 0346 47573 0344 60079 0.336 58607 0339 63008 0.338 68.920
0420 41665 0428 46,667 0428 53282 0412 57985 0420 64.006 0418 69.775
0603 41639 0612 47204 0.616 52605 0595 57.642 0598 62.846 0599 68.543
0780 40860 0789 45514 0.794 50.827 0.770 56513 0772 62963 0.774 68.050
0950 37.444 0958 41534 0967 46504 0937 52820 0939 58576 0942 64.750
1114 34453 1123 38371 1132 42736 1098 48897 1100 54170 1103 59.705
1273 32037 1280 35761 1291 40431 1253 45892 1255 51.078 1259 56.748
1427 30273 1434 33819 1437 38465 1404 43445 1405 48112 1409  53.900
1575 2888 1581 32312 1575 36676 1551 41585 1551 46.156 1555 51.360
1775 27255 1.784 30663 1779 34737 1751 39239 1750 43537 1758 49.026
1966 25.626 1.977 29433 1970 33384 1941 37557 1939 41.714 1949 46.887
2151 25148 2163 28199 2156 32410 2112 36412 2121 40497 2132 45.156
2327 24359 2338 27450 2332 31290 2286 35569 229 39.634 2306 43.922
2497 23782 2507 26845 2503 30.638 2450 34531 2461 38345 2472 42661
2659 23312 2668 26274 2666 29.852 2610 33871 2620 37.699 2631 41.868
2813 22783 2821 25874 2821 29305 2762 33244 2773 36960 2784 41.190
2963 22507 2969 25396 2971 28971 2908 32572 2918 36319 2931 40.515
3106 22182 3111 25168 3114 28385 3048 32055 3058 35863 3.072 40.289
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TABLE 2: Theequivalent conductivities(S. cm?.mol™) with themolar concentration for SDBSin different temperatures.

293.16 °K 298.16 °K 303.16 °K 208.16 °K 313.16 °K 318.16 °K

M x10? A M x10? A M x10? A Mx10? A M x10? A M x10 A

0057 88680 0056 100.716 0.059 118377 0.062 112815 0059 130219 0059 149.236
0113 84928 0.114 103329 0.117 117117 0.116 123039 0119 135910 0.117 150.476
0172 88231 0.170 99279 0171 121910 0.172 122012 0176 135264 0175 147.017
0230 86.836 0225 98537 0229 114197 0.230 118439 0234 132912 0232 149.134
0286 86580 0.281 98163 0.287 113373 0.284 116360 0.293 131.873 0.289 146.718
0396 84229 0388 95139 0396 108998 0.396 114.351 0403 129535 0.398 141.762
0503 82598 0491 93485 0498 104.867 0.502 110.848 0509 124970 0504 137.345
0607 81697 0594 92154 0601 102744 0.605 110.488 0.613 122265 0.610 135.452
0706 79570 0697 90480 0701 101.657 0.708 108524 0.716 119.786 0.708 131.606
0803 78599 0.797 88533 0799 99.023 0.809 107582 0.815 117.299 0.806 130.352
0900 77.816 0.893 87.634 0896 97478 0906 105467 0912 117.392 00903 128.172
0997 76903 0988 86237 0992 97185 1.003 106.257 1.008 115193 0998 127.577
1158 75790 1149 84.719 1154 94316 1165 101964 1.170 113382 1.158 124.164
1313 74057 1304 83259 1309 93282 1321 101.080 1.326 114.078 1.311 122.769
1463 73674 1453 82626 1461 92122 1472 99.731 1476 110732 1463 120.075
1606 72747 1597 81553 1606 91483 1616 98442 1623 109.692 1.609 119.278
1747 71740 1737 80.999 1747 90590 1756 97410 1764 107544 1750 119.273
1883 71245 1871 80.111 1.883 89512 1.892 96.188 1900 108297 1.886 118.142
2015 70632 2001 79435 2014 88863 2024 96185 2032 107.655 2017 117.400
2144 70173 2129 78819 2141 88450 2152 96.079 2160 106630 2145 116.003
2266 69928 2251 78519 2264 87.905 2276 95679 2283 106312 2270 115.337

TABLE 3: Theequivalent conductivities(S. cm2.mol2) withthemolar concentration for CTAB in different temperatures.

293.16 °K 298.16 °K 303.16 °K 208.16 °K 313.16 °K 318.16 °K

M x10? A M x10? A M x10° A M x10? A M x10? A M x10? A

0.088 53713 0079 58731 0092 67474 0.089 76.094 0087 82484 0.087 90.209
0.178 36784 0161 44272 0180 47.486 0.174 59.797 0172 62.850 0.173 69.869
0263 29410 0250 34443 0264 39.033 0.258 44265 0257 55941 0259 58651
0346 25293 0336 30.056 0347 34654 0.340 39.144 0340 44738 0342 50373
0430 22973 0422 27602 0431 31688 0421 35180 0421 40965 0.424 45645
0611 19789 0604 23415 0610 27.947 0.604 31472 0601 36197 0606 40.852
0.788 18039 0777 21411 0785 24962 0.779 29275 0776 33481 0781 37.850
0958 16814 0944 20.042 0955 23711 0948 26699 0944 31528 0949 35258
1120 16111 1106 19123 1.119 22646 1110 25680 1108 30212 1.113 33.760
1.275 15512 1263 18576 1277 21655 1267 24789 1265 29230 1269 33.072
1427 15035 1416 18121 1448 20.819 1419 23967 1416 28290 1420 31951
1572 15042 1564 17.809 1592 20505 1565 23.397 1563 27.752 1566  31.459
1.770 14889 1766 17.421 1792 20060 1.765 22726 1763 26982 1767 30.538
1.950 14743 1953 17.181 1984 19.737 1956 22395 1954 26398 1.958  29.966
2131 14665 2132 17151 2165 19469 2138 22217 2135 26025 2141 29.361
2305 14596 2301 17.016 2338 19352 2312 22018 2310 25701 2315 28847
2472 14460 2466 16.854 2504 19192 2478 21915 2477 25418 2480 28413
2.624 14347 2624 16829 2664 19084 2637 21768 2637 25209 2639 28138
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293.16 °K 298.16 °K 303.16 °K 208.16 °K 313.16 °K 318.16 °K
Mx10° A Mx10° A Mx10? A Mx10° A Mx10°? A Mx10? A
2776 14284 2776 16.697 2817 18975 2790 21.652 2791 24821 2792 27.891
2922 14150 2922 16.619 2962 18859 2937 21522 2938 24701 2933 27.847
3.052 14039 3062 16412 3.102 18743 3.078 21476 3.079 24446 3.071 27704
80 - TABLE 4: Thebest fit parameter sof analysisof conduc-
~ s tancedatafor SDSsolution at different temperatures.
©. 70 A . aT=208.16 K
% 60 | 32332 o Temp. (°’K) Ka Ao R(A) os(A)
B . nT=313.16 K 293.16 59.831  50.157 29 0.020
£ 509 A, : i 298.16 70392 58159 29 0.020
; 40 T . 303.16 241573  89.78 29 0.008
“_ %v@?:j 308.16 57.1413  69.382 29 0.024
& SR 313.16 48380 76193 29 0025
20 . . ‘ 318.16 424688  81.801 29 0.025
0.02 0.07 0.12 0.17 . .
f5b5 TABLE 5: Thebest fit parameter sof analysisof conduc-
4 s

Figure4: Plot of the equivalent conductivity against the
squareroteof molar concentration of SDSat different tem-

peratures.
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Figure5: Plot of the equivalent conductivity against the

squar e rote of molar concentration of SDBS at different
temperatures.
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tancedatafor SDBS solution at different temper atures.

Temp. (°K) Ka Ao R(A%  os(A)
293.16 30.46 91.28 19 0.008
298.16 29.16  105.17 19 0.008
303.16 2524  122.63 19 0.019
308.16 1916  124.06 19 0.019
313.16 18.99  140.85 19 0.014
318.16 1712 156.32 19 0.016

TABLE 6: Thebest fit parameter sof analysisof conduc-
tancedatafor CTAB solution at different temperatures.

Temp. (°K) Ka Ao R (A%  os(A)
293.16 948.11 69.21 29 0.024
018 298.16 910.12  74.79 29 0.023
303.16 800.66 86.80 29 0.006
308.16 750.23 100.34 29 0.031
313.16 619.01 103.44 29 0.029
318.16 520.82 109.08 29 0.032
e T=293 16 K
aT=298.16 K 12
u T=303.16 K Zin:l(Ai(oaJ)_Ai(exp))z
o T=308.16 K s = (2)
aT=313.16 K n-2

o T=318.16 K
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Figure 6 : Plot of the equivalent conductivity against the
squarerote of molar concentration of CTAB at different
temperatures.

It isapparent the values of R which represent the
distance between anion and cation (TABLES4-6) show
equal valuesfor SDSand CTAB in contrast to that of
SDBS. But thiscontradictsthefact that both SDSand
SDBS have the same polar head group in contrast to
that of cationic CTAB. It should be noted that theanaly-
sisof theobtained valuesof R denotethat the cations
and anions are separated by many water molecules. In
addition, theva uesof association condantsK , for SDS
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and CTAB show maximawith temperaturewhich may
bedso considered asnot logical results. Ingenerd, the
resultsindicate that Lee-Wheaton equation does not
recognizetheformation of micellesandthereforeitis
not validfor surfactantsmolecul es.

CONCLUSIONS

Onthebasisof our investigations one could con-
cludethat Lee-Wheaton equationintheform described
by Pethybridge and Tabaisnot applicablefor surfac-
tantsmoleculeswhich givenot logicd resultsfrom phys-
ca point of view. Therefore, attention should betaken
into account for the application of thelatter modd for
molecules having tendency for salf-assembly process.
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