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ABSTRACT

The phenomenon of changing the sign of standard enthal py of micellization
(AH}) from negative to positive for anionic surfactant [sodium dodecyl
sulfate (SDS)]; due to presence of hydrocortisone acetate (HA) as an
additive has been recently detected by Khalil and Hassan (J. Dispersion
Science & Technology, 31:1195-1201, 2010). No such observation for cat-
ionic cetyltrimethylammonium bromide (CTAB) surfactant has been no-
ticed by those authors. The reason for this phenomenon has been doubt-
fully attributed to the hydrogen bond between anionic polar head group
of SDS with hydrogen of HA hydroxyl group. In order to investigate a
certain reason for this problem, the effect of four organic additives (me-
thyl salicylate (MS), benzene, toluene and cyclohexane) on the critical
micelle concentration (CMC) of SDSand CTAB has been examined. The
results exhibit that the effect of the presented additives on the sign of
AH? was in a similar manner to that of HA. It was concluded that the
hydrophobic effect through iceberg formation which resulted from the
presence of hydrophobic additives plays amajor rolein changing thesign
of AH? and increasing the CMC of both anionic and cationic surfactants.

CTAB surfactant does not show such changes in the sign of AH?, which
attributed to competitive between the hydrophobic effect with its high
tendency towards forming micelle in contrast with that of SDS.
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INTRODUCTION

Itiswdl known that surfactantsplay animportant
roleinindustry and everyday life. Researcherspay con-
Siderableeffortsin many aspectsof theseamphiphilic
molecules. Among these, theeffect of additiveson sdif-
assembly and critical micelleconcentration (CMC) has

been recaived significant attention™*3, Recently, wehave
studied the effect of hydrocortisone acetate (HA) as
water insolubleon the CMCsaof anionic[sodium dodecyl
sulfate (SDS)] and cationic [ cetyltrimethylammonium
bromide (CTAB)] surfactantd’¥ Theresultsinterest-
ingly show that the presence of HA in SDS changesthe
negativesign of sandard entha py of micelization (AH?)
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to positive. In other word, themicellization process of
anionic SDSsurfactant changefrom exothermictoen-
dothermic dueto presence of HA. Whilefor cationic
CTAB thelatter processremainsexothermic. There-
sultsa so show that the CMC of both SDSand CTAB
increase dueto presence of HA., Indeed, thelatter
phenomenon isoppositeto that for polar amine addi-
tives®¥ and dso for alcohol s* (1-propanol, 2-propanal,
and allyl alcohol). No certain reason hasbeen givenfor
changing thesign of AH? which hasbeen attributed to
the hydrogen bonding betweenH of HA hydroxyl group
with theanionic polar head group of SDS surfactant™.

In present work we have sel ected four rel ated addi-
tives(methyl sdlicylate(MS), benzene, tolueneand cy-
clohexane) in order to explain thereason for changing
themicellization processof SDSfromexathermictoen-
dothermic. M Sdrug was sd ected ascontaining hydroxyl
and ester groupsmimic HA; noting that M Sisnot water
insolubleasHA.. Benzeneadditivewill givetheopportu-
nity for the absence of OH in contrast to MS. In addi-
tion, benzenering may inter the surfacelayer of cationic
surfactant CTAB incontrast to that of SDS™. Thepres-
ence of bulky methyl group intoluenemay give some
indication about theinterance of benzeneringinthesur-
face of CTAB. Thenon aromatic cyclohexanewas se-
lected for giving anindication for theeffect of the pres-
enceof benzeneringwithinadditive.

EXPERIMENTAL

M Swasobtained in highly pureform from State
Drug Industry (SDI), Samarra-Irag. All other reagents
were anaytica gradecommercid products. All solu-
tions were prepared using conductivity water (4-5
uScm?),

Thedectrolyticconductivity of thesolutions(formerly
as specific conductivity) wasdirectly measured using
WTW conductometer with accuracy £0.01 uScm™. To
control the temperature within £0.1°C, water
thermostated Hakke NK22 was used.

The CMCswere determined from plotsof electro-
Iytic conductivity versus surfactant concentrationi*>2°
asillustratedin Figure 1. The measurementswere car-
ried out through addition of 0.05 and 0.005mol -1 of
SDSand CTAB respectively, using buretteto 40ml of
conductivity water. The measurementswere repeated
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to check thereproducibility of thedata. Estimation of
thermodynamic parameterswas carried out using the
following equationg41

AGP=RT(2-a)lnxCMC )
o o[ @InxCMC

AH =—(2—Q)RT (a—T) (2)

AS® = (AHO-AGO) /T 3

Where « istheionization degreewhich calculated as
the ratio of the slopes of the two intersecting lines,
XCMC isthemolefraction of surfactant CMC.
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Figurel: Determination of CMC for SDSin the absence of

additiveat 20°C fromtheplot of dectrical conductivity (#Sem™)

vs. SDSmolar concentration.
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RESULTSAND DISCUSSIONS

TABLES1, 2, 3and 4 listed theeffect of presence
MS, benzene, toluene and cycl ohexane on the CMC of
SDSrespectively at different temperatures. Interest-
ingly, these al so show changein the sequence of the
relation between CMC and temperaturein asimilar
manner to that of HA. In other word, such changein
the sequencewill definitely changethesignof AH® from
negativeto positive dueto presence of these additives.
Thelatter phenomenon of changing AH? signisquite
incongistent withthe earlier proposed reason of hydro-
gen bonding™. Theresultsalso exhibit anincreasein
the CMC of SDSdueto presence of these additivesas
HA intheorder M S<benzene<tol uene~ cyclohexane.

Thecaculated vauesof AG®, AH and AS? for SDS
at different concentrationsof M S, benzene, tolueneand
cyclohexanearesummarizedin TABLESS, 6, 7and 8
respectively. All of these show that the presence of the
presented additives changethesign of AH? from nega-
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TABLE 1 : Effect of MS on the CMC of SDS at different
temperatures, initsnatural pH (pH=6.0+0.1).
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TABLE 2: Effect of benzeneon the CMC of SDSat different
temperatures, initsnatural pH (pH=6.0+0.1).

IMS]// CMC /mol-I"t x10° +0.02

mol ™t T/K T/K T/K T/K
=308.15  =298.15  =293.15  =283.5

0 7.63 7.79 7.98 8.04
2x10° 8.21 7.93 7.91 7.85
6x 10° 8.29 8.08 8.06 8.03
1x10° 8.29 811 8.09 8.08
3x10° 8.41 8.20 8.11 7.60
8x 10° 8.43 8.26 8.13 7.98
2x 10 8.51 8.32 8.28 8.27
8 x 10 8.51 8.48 8.43 8.29

[Benzend] CMC /mol 7 x10°% +0.02
Imol 7t T/IK T/IK T/IK T/K
=308.15 =298.15 =293.15 =283.15

0 7.63 7.79 7.98 8.04
2x10° 8.40 8.35 8.30 8.29
6x10° 8.59 8.38 8.32 8.17
1x10° 8.64 8.46 8.40 8.34
3x107° 8.81 8.71 8.58 8.52
8x10° 8.99 8.71 8.67 8.61
2x10* 9.02 8.72 8.69 8.67
8x 10" 9.22 9.09 8.99 8.78

TABLE 3: Effect of tolueneon the CMC of SDSat different
temperatures, initsnatural pH (pH=6.0+0.1).

TABLE 4 : Effect of cyclohexane on the CMC of SDS at
different temperatures; initsnatural pH (pH=6.0+0.1).

CMC /mol-I"t x10® +0.02

CMC /mol-I™t x10% +0.02

[Toluen€] [Cyclohexane]
Jmol-I: T/K T/K T/K T/K Jmol-I™ T/K T/K T/K T/K
=308.15 =298.15 =293.15 =283.15 =308.15 =298.15 =293.15 =283.15

0 7.63 7.79 7.98 8.04 0 7.63 7.79 7.98 8.04
2x10° 8.43 8.23 8.17 8.11 2x10° 8.54 8.36 8.16 8.14
6x10° 8.68 8.49 8.42 8.27 6x10° 8.63 8.56 8.37 8.35
1x10° 8.89 8.67 8.67 8.60 1x10° 8.74 8.59 8.48 8.44
3x10° 9.24 9.07 9.03 9.03 3x10° 9.19 9.15 9.14 9.14
8x10° 9.36 9.27 9.06 9.02 8x10° 9.42 9.21 9.18 9.17
2x 10 9.44 9.40 9.23 9.10 2x 10 9.39 9.30 9.16 9.11
8x10* 9.59 9.52 9.48 9.34 8x 10" 9.75 9.39 9.38 9.15

tiveto positiveinasmilar manner tothat of HAM. The
vauesof AG? werequiteusua which awaysnegative
and dightly temperature dependent!*®. Thepositivesign
of AS? isasoquitenorma and thetemperature change
of itsvaueswasrelated to that the micellization pro-
cessisentropically driven*®. However, the change of
additivedoesnot changesignificantly thevauesof AG?,
AH® and As? asshown clearly inthelatter TABLES
(5,6, 7and 8).

Theeffect of presence of the presented additives
on CMC of cationic surfactant (CTAB) a different tem-
peraturesarelisted in TABLES9, 10, 11 and 12 for
MS, benzene, toluene and cyclohexane respectively.
AsHA these show thereisno changein thetrend of
CMC with temperaturein contrast to that in anionic
SDS. On the other hand, the results also display an
increaseinthe CMC dueto presence of these additives
inasimilar manner tothat of SDS. The consegquence of
increasing the CMC dueto presence of the presented
additivesisquiteclosetothat for SDS.

The values of thermodynamic functions of
micellization for cationic CTAB at different tempera-
turesareillustratedin TABLES 13, 14, 15and 16 in
presence of M'S, benzene, toluene and cyclohexane
respectively. No changeinthesign of AH® dueto pres-
ence of the presented additiveswas observed in con-
trast to that of SDS. In general, thevauesof AG° and
AH? of cationic CTAB asshowninthelatter Tablesare
smaller than these of SDSwhich arereflect that CTAB
have moretendency toform micellein comparisonwith
that of SDS. The spontaneity of micellization process
(negativesign of AG?) for both SDSand CTAB canbe
attributed tothepostivevaueof As? whichisresulted
from thefreedom of somegeginionsduetoformation
of micdle.

Findly, theaboveinvedtigationssuggest that the hy-
drophobic effect dueto presence of the presented addi-
tivesisthemainfactor for changing AH® signof SDS.
Such hydrophobic effect iscreated fromiceberg forma
tion (icebergs)™ of water molecules around the addi-

A Tndéan W



108

The role of organic additives in changing the sign of standard enthalpy of micellization

PCAIJ, 6(3), 2011

Full Poper ===

TABLE5: Effect of M Son thether modynamic parameter sof
micellization for SDSat itsnatural pH (6.0+0.1) and differ-
ent temperatures.

TABLE 6: Effect of benzene on thether modynamic param-
etersof micellization for SDSat itsnatural pH (6.0+0.1) and
different temperatures.

/r[nl\gfl]_l Temperature AG "m_/1 AH ‘n’q_/1 AS‘l’m /_1 - TAan’1q /
kJ-mol™ kJ-mol™ JMol™-K kJ-mol
0 T/K=283.15 -3461 -2.351 113.93 -32.26
T/K=283.15 -3557 -2.367 113.24 -33.20
T/K =283.15 -3544 -2.298 111.16 -33.14
T/K=283.15 -3657 -2.292 111.06 -34.22
2x10° T/K=28315 -32.83 2017 123.05 -34.84
T/K=283.15 -3495 2.067 126.28 -37.02
T/K=283.15 -3423 1990 121.49 -36.22
T/K =283.15 -34.64 1.947 118.74 -36.59
6x10° T/K=28315 -3444 1509 126.96 -35.95
T/K=28315 -3527 1489 125.40 -36.76
T/K =283.15 -35.37 1.467 123.55 -36.84
T/K =28315 -35.02 1.405 118.20 -36.43
1x10° T/K=283.15 -34.03 1.199 124.40 -35.23
T/K =283.15 -35.34 1.199 124.62 -36.54
T/K =28315 -34.46 1.150 119.44 -35.61
T/K =28315 -35.95 1.160 120.44 -37.12
3x10° T/K=28315 -3227 4443 129.64 -36.71
T/K=28315 -34.31 4,550 132.55 -38.86
T/K=28315 -34.19 4453 129.61 -38.65
T/K =28315 -36.98 4.626 135.02 -41.61
8x10° T/K=283.15 -34.18 2.689 130.19 -36.86
T/K=283.15 -3489 2645 128.05 -37.54
T/K=283.15 -3484 2593 125.56 -37.44
T/K=283.15 -3432  2.466 119.38 -36.79
2x10* T/K=28315 -32.83 1319 120.62 -34.15
T/K=283.15 -3354  1.298 118.82 -34.83
T/K=283.15 -3384  1.288 117.82 -35.13
T/K=283.15 -3458 1273 116.34 -35.85
8x10* T/K=28315 -3403 1.263 124.64 -35.29
T/K =283.15 -31.99 1.147 113.04 -33.14
T/K=283.15 -3250 1144 112.84 -33.64
T/K=28315 -3492 1187 117.16 -36.10

tivesmoleculesor even around their non polar groups.
Therefore, the resulted crystalline character of water
mol ecul es could reduce the mobility of surfactant mol-
eculestoward micdllization process. Thelatter reduction
inthemobility isquitepardld withthe enhancement of
CMC for both SDSand CTAB dueto presence of ad-
ditives. Onthe other hand, the above consequence of
additivesmoleculestowardincreasingthe CM Cisquite
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[I?;nozlfénle] Temperature AG%,/l AH‘;W’/1 AS | —TAS%/
kdmol™ kMol Jmol. ' kIl
0  T/K=28315 -3461 -2351 11393  -32.26
T/K=28315 -3556 -2367 11324  -3320
T/K=28315 -3544 -2298 11116  -3314
T/K=28315 -3652 -2292 11106  -3422
2x10° T/K=28315 -2980 0600 107376  -30.40
T/K=28315 -30.86 0599 107.306  -3146
T/K=28315 -3257 0621 111316  -3319
T/K=28315 -31.88 0589 105366  -3247
6x10° T/K=28315 -3345 2398 126586  -35.847
T/K=28315 -3455 2386 12591  -36.937
T/K=28315 -3367 2284 12057  -3595
T/K=28315 -3L51 2063 10893  -3357
1x10° T/K=28315 -3228 1594 11967  -33.87
T/K=28315 -33.26 1583 11885  -34.847
T/K=28315 -3475 1625 12201  -36.38
T/K=28315 -3449 1559 11699  -36.06
3x10° T/K=28315 -3366 1621 12461  -3528
T/K=28315 -3449 1603 12314  -36.10
T/K=28315 -3228 1472 11320  -33.75
T/K=28315 -3050 1345 10335  -3185
8x10° T/K=28315 -31.80 1925 11911  -33.73
T/K=28315 -3319 1934 1198  -3513
T/K=28315 -33.76 1933 11971  -3569
T/K=28315 -3469 1920 11880  -3661
2x10* T/K=28315 -3363 1847 12530  -3548
T/K=28315 -3404 1799 12224  -3584
T/K=28315 -33.75 1753 11908  -3550
T/K=28315 -3537 1777 12054  -37.15
8x 10" T/K=28315 -3281 2266 12386  -3507
T/K=28315 -3367 2243 12251  -3591
T/K=28315 -3288 2150 11749  -35035
T/K=28315 -3482 2198 12013  -37.02

parald tothe predicted hydrophobic character of addi-
tives which is take the order cyclohexane>toluene>
benzene>M S. Therefore, themicellization processcould
changefrom exothermicto endothermic. Furthermore,
Jaing et. al.[*¥ concluded that polar additives decrease
the CMC of ionic surfactants. The question now; why
cationic surfactant doesnot changeitssignof AH? dueto
presence of the presented additivesin contrast to that of
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TABLE 7: Effect of toluene on thether modynamic param-
etersof micellization for SDSat itsnatural pH (6.0+0.1) and
different temperatures.
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TABLE 8: Effect of cyclohexane on thether modynamic pa-
rameter sof micellization for SDSat itsnatural pH (6.0+0.1)
and different temperatures.

[T/ggsnf] Temperature AG ?”,/1 AH O’“,/l AS% ! - TAS,OT /
- kJmol kJmol? Jmol.*X?  kJmol
0  T/K=28315 -3461 -2351 11393 -32.26
T/K =28315 -3557 -2367 11324 -33.20
T/K =28315 -3544 -2298  111.16 -33.14
T/K =28315 -3652 -2292  111.06 -34.22
2x10° T/K=28315 -30.77 1698  114.66 -32.47
T/K=28315 -3193 1697  114.69 -33.62
T/K=28315 -3169 1655  111.82 -33.34
T/K=28315 -3226 1629  109.99 -33.89
6x10° T/K=28315 -3412 2300 12862 -36.42
T/K =28315 -34.88 2265 12671 -37.15
T/K =28315 -3533 2253  126.03 -37.58
T/K=28315 -3184 1961  109.69 -33.80
1x10° T/K=28315 -3408 1518 12571 -35.60
T/K =28315 -3481 14933  123.83 -36.30
T/K=28315 -3465 14614  121.10 -36.11
T/K =28315 -3546 14460  119.77 -36.91
3x10° T/K=28315 -29.11 09803  106.28 -30.09
T/K =28315 -3066 09950  107.99 -31.66
T/K=28315 -3173 1012  109.80 -32.74
T/K=28315 -3L74 0979  106.18 -32.72
8x10° T/K=28315 -29.37 1665  109.61 -31.04
T/K=28315 -2972 1625  106.93 -31.35
T/K =28315 -30.88 1656  109.11 -3253
T/K=28315 -3366 1746  114.90 -35.41
2x10* T/K=28315 -30.33 1689 11307 -32.02
T/K=28315 -2991 1608  107.52 -31.52
T/K=28315 -3163 1668  111.69 -33.30
T/K =28315 -32.86 1675  112.08 -34.54
8x10* T/K=28315 -3272 12244  119.88 -33.95
T/K=28315 -3296 11903  116.49 -34.15
T/K =28315 -3248 1153 11279 -33.63
T/K=28315 -3328 1141 11171 -34.42

[Cydoheand] ! orperature AG,/ AH} /1 AS) 1 —TAS]
kJmol? kJmol* Jmol.*X™*  kJol*
0 T/K=28315 -3461 2351 11393 -32.26
T/K=28315 -3557 2367 11324 -33.20
T/K=28315 -3544 2298 11116 -33.14
T/K=28315 -3652 2292  111.06 -34.22
2x10° T/K=28315 -3399 2429 12861 -36.42
T/K=28315 -3473 2392 12664 -37.13
T/K=28315 -3382 2284 12110 -36.11
T/IK=28315 -3577 2336 12365 -38.11
6% 10° T/K=28315 -3229 1625  119.78 -33.92
T/K =283.15 -33.04 1.605 118.19 -34.65
T/K =283.15 -33.66 1.603 118.26 -35.26
T/K =283.15 -33.35 1.537 113.23 -34.89
1x10° T/K =283.15 -33.93 1.712 125.85 -35.64
T/K =283.15 -34.57 1.682 123.67 -36.26
T/K =283.15 -34.82 1.663 122.37 -36.49
T/K =283.15 -36.24 1.674 123.04 -37.92
3x10° T/K =283.15 -29.83 0.271 106.31 -30.10
T/K=28315 -3229 0284 11110 -3257
T/K=28315 -3253 0281 11005 -3281
T/IK=28315 -3284 0274 10746 -33.11
8x 10 T/K=28315 -3068 1206 11261 -31.89
T/K =283.15 -30.16 1.142 106.77 -31.301
T/K =283.15 -30.45 1.133 105.92 -31.582
T/K =283.15 -28.93 1.041 97.25 -29.97
2x 10" T/K =283.15 -30.86 1.424 114.01 -32.28
T/K =283.15 -32.07 1.427 114.25 -33.49
T/K =283.15 -31.96 1.396 111.89 -33.36
T/K =283.15 -32.49 1.373 109.89 -33.86
8x 10" T/K =283.15 -29.43 2.559 112.97 -31.99
T/K =283.15 -31.34 2.620 115.84 -33.96
T/K =283.15 -31.38 2.579 113.88 -33.95
T/K =283.15 -32.12 2.548 112.50 -34.67

SDS? Thereasonfor thiscould beattributed to that cat-
ionic CTAB had moretendenciestowardsforming mi-
cellesin contrast to that of SDS (CMC of SDSlarger
about 8 timesthan that of CTAB). The latter may be
accusedtotheeffect of hydrophobic chainlengthwhich
CTAB have 16 carbonsin comparisonwith 11 carbons
in SDS*, Thus; we could suggest that thereisacom-
petitive between the hydrophaobic effect dueto presence

of additivewith thetendency of CTAB for micdllization
processwhichislead to no changeinitssignof AHC in
contrast tothat of SDS. However, the presented investi-
gationssuggest hypotheticaly employing anionicand cat-
ionic surfactantswith the samehydrophobicchainlength
asafuturework. Notingthat, SDSand CTAB arethe
maost common anionic and cationic surfactantsused in
theliteratures.
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TABLE 9: Effect of MSon the CMC of CTAB at different TABLE 10: Effect of benzeneon the CMC of CTAB at dif-

temperatures, initsnatural pH (pH=6.0+0.1). ferent temperatures; initsnatural pH (pH=6.0+0.1).
MS] / CMC /mol-I"* x10° +0.02 [Benzene] CMC /mol-I™ x10° +0.02
Mol 't T/K T/K T/K T/K Imol-I: T/K T/K T/K T/K
=308.15 =208.15 =203.15 =283.15 =308.15 =298.15 =293.15 =283.15
0 8.47 8.65 8.85 9.01 0 8.47 8.65 8.85 9.01
2x10° 8.52 8.97 8.97 9.09 2x10° 8.70 8.88 9.07 9.15
6x10° 8.56 8.97 8.99 9.25 6x10° 8.88 8.97 9.12 9.22
1x10° 8.76 8.93 9.11 9.22 1x10° 9.02 9.18 9.29 9.32
3x10° 8.88 9.01 9.18 9.30 3x10° 9.14 9.20 9.35 9.54
8x10° 8.92 9.08 9.18 941 8x10° 8.83 9.13 9.31 9.47
2x10* 9.22 9.41 9.44 9.55 2x 10 9.27 9.40 9.40 9.48
8x10* 9.23 9.46 9.55 9.60 8x 10" 9.27 9.53 9.57 9.99
TABLE 11: Effect of tolueneontheCMC of CTAB at differ- TABLE 12: Effect of cyclohexaneon the CMC of CTAB at
ent temperatures; initsnatural pH (pH=6.0+0.1). different temperatures; initsnatural pH (pH=6.0+0.1).
[Toluene] CMC /mol-I™ x10° +0.02 [Cyclohexane] CMC /mol-I™ x10° +0.02
Jmol-I T/K T/K T/K T/K Imol-I T/K T/K T/K T/K
=308.15 =298.15 =293.15 =283.15 =308.15 =298.15 =293.15 =283.15
0 8.47 8.65 8.85 9.01 0 8.47 8.65 8.85 9.01
2x10° 8.56 8.66 8.88 9.18 2x10° 8.56 8.78 8.96 9.05
6x10° 8.64 8.88 8.90 9.28 6x10° 8.71 8.81 9.20 9.21
1x10° 8.66 8.98 9.02 9.34 1x10° 8.88 9.00 9.30 9.31
3x10° 9.22 9.40 9.45 9.59 3x10° 9.13 9.36 9.52 9.65
8x107° 9.26 9.57 9.69 9.75 8x10° 9.19 9.41 9.43 9.67
2x 10" 9.34 9.65 9.75 9.82 2x 10" 9.20 9.511 9.56 9.72
8x 10" 9.45 9.74 9.76 9.99 8x10™ 9.32 9.70 9.80 9.83

TABLE 13: Effect of MSonthethermodynamic parameters TABLE 14 : Effect of benzene on thether modynamic param-
of micellization for CTAB at itsnatural pH (6.0+0.1) and  etersof micellization for CTAB at itsnatural pH (6.0+0.1)

different temperatures. and different temperatures.
MSI 7 perature AG)/ AHY/ AS; /1 —TAS/ [Benzenel o ature AG./ AH,/ AS,/ =TAS,/
mol-| kJ:-mol? kJ-mol™ Jmol.“K* kJ-mol? /mol-| kJ-mol? kJ-mol? Jmol.%K?* kJ-mol?
0 T/K =28315 -4560 -3.209  149.72 -42.40 0 T/K =28315 -4560 -3209  149.72 -42.40
T/K =28315 -4501 -3.064  143.07 -41.94 T/K =28315 -4501 -3064 14307 -41.94
T/K =28315 -4515 -3.029  141.26 -42.12 T/K =28315 -4515 -3.029  141.26 -42.12
T/K =28315 -4504 -2928  136.64 -42.11 T/K =28315 -4504 -2928  136.64 -42.11
2x10° T/K=28315 -39.09 -2753 12834 -36.34 2x10° T/K=283.15 -4459 -2.660  148.07 -41.93
T/K =28315 -41.81 -2.857  132.87 -38.95 T/IK =28315 -4542 -2.622  146.00 -42.80
T/K =28315 -3855 -2590  120.61 -35.96 T/K =28315 -4539 -2582 14359 -42.81
T/K =28315 -39.70 -2584 12043 -37.11 T/K =283.15 -4350 -2.395  133.38 -41.10
6x10° T/K=28315 -3687 -3112  119.23 -33.76 6x10° T/K=283.15 -43.63 -1918  147.32 -41.72
T/K =28315 -40.38 -3.306  126.47 -37.07 T/K =28315 -4373 -1.858  142.83 -41.87
T/K =28315 -4053 -3263  124.98 -37.27 T/IK =28315 -42.92 -1.79%6  137.93 -41.13
T/K =28315 -3847 -3.004 11508 -35.46 T/K =28315 -38.02 -1541 11837 -36.48
1x10° T/K=28315 -37.71 -2.227 125.33 -35.49 1x10° T/K=28315 -4225 -3549  136.67 -38.70
T/K =28315 -3876 -2214  124.65 -36.54 T/K =283.15 -4357 -3513  136.64 -40.06
T/K =28315 -3646 -2.052 11540 -34.41 T/K =28315 -41.73 -3.338 12878 -38.40
T/K =28315 -39.73 -2166  121.89 -37.56 T/K =28315 -40.22 -3.126  120.38 -37.10
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MSI7 o peratre AGm/ AHL/ ASL/ —TAS;/  [Benzeng] Temperature AG) 1 AHD/ AS)/ —TAS]/
mol-| kJ-mol™ kJmol™ Jmol.2K* kJ-mol* fmol-| kJ-mol* kJ-mol* J-mol.%K* kJ-mol*
3x10° T/K=283.15 -4273 -2.280 142.85 -40.45 3x10° T/K=28315 -3698 -1.818 124.19 -35.17
T/K=28315 -4324 -2231 139.89 -41.01 T/K=28315 -36.68 -1.731 119.20 -34.95
T/K=28315 -4189 -2129 133.37 -39.76 T/K=28315 -36.52 -1.708 116.75 -34.81
T/K=283.15 -40.83 -2.010 125.98 -38.82 T/K=28315 -3857 -1.749 119.50 -36.82
8x10° T/K=283.15 -39.76 -2.409 131.91 -37.35 8x10° T/K=28315 -39.90 -3.163 129.74 -36.74
T/K=28315 -4531 -2.656 145.50 -42.65 T/K =283.15 -41.95 -3.221 132.11 -38.73
T/K=28315 -45.02 -2.597 142.27 -42.42 T/K =283.15 -4239 -3.206 131.42 -39.18
T/K=28315 -4536 -2.538 138.95 -42.82 T/K =283.15 -4346 -3.185 130.70 -40.28
2x10* T/K=28315 -4183 -1.642 141.92 -40.19 2x10* T/K=283.15 -40.43 -1.013 139.21 -39.42
T/K=28315 -41.68 -1.583 136.78 -40.10 T/K=28315 -41.59 -1.008 138.45 -40.59
T/K=28315 -41.92 -1.566 135.34 -40.35 T/K =283.15 -4334 -1.032 141.89 -42.31
T/K=28315 -4186 -1515 130.92 -40.34 T/K =283.15 -4512 -1.041 143.04 -40.78
8x10* T/K=28315 -3965 -1.781 133.72 -37.87 8x10* T/K=283.15 -4393 -3.606 142.41 -40.33
T/K=28315 -39.95 -1737 130.35 -38.21 T/K =283.15 -44.37 -3.527 139.34 -40.85
T/K=28315 -40.32 -1.713 128.52 -38.32 T/K =283.15 -45.60 -3.565 140.98 -42.04
T/K=28315 -4281 -1773 133.18 -41.04 T/K =283.15 -4555 -3.459 136.59 -42.09

TABLE 15: Effect of toluene on thether modynamic param-
etersof micellization for CTAB at itsnatural pH (6.0+0.1)

and different temperatures.

TABLE 16: Effect of cyclohexane on thether modynamic
parameters of micellization for CTAB at its natural pH
(6.0+0.1) and different temperatures.

MO 1orare AGR/ AHGI ASY/  —TAS,I  (Cyiohecnd oo AGR/ AHG/ AS/ - TASS
mol- kJ-mol? kJ-mol* JmoltK*  kJmol® /mol-| kJ-mol? kJmol? Jmol.tKT  kJ-mol?
0  T/K=28315 -456038 -32088 14972  -42.40 0 T/IK =28315 -4560 -3209 14972  -42.40
T/K =283.15 -450056 -30644 14307  -41.94 TIK =28315 -4501 -3064 14307  -41.94
T/IK =283.15 -45.1479 -30280 14126  -42.12 T/K =28315 -4515 -3020 14126  -42.12
T/IK =283.15 -45.0360 -2.9279 13664  -42.11 T/IK =28315 -4504 -2928 13664  -42.11
2x10° T/K=283.15 -449111 -36004 14580  -4131 2x10°  T/IK=28315 -4444 2947 14654  -41.49
T/K =283.15 -40.3488 -31278 12697  -37.22 TIK =28315 -4554 -2814 14573  -42.72
T/IK =283.15 -45.2209 -34551 14011  -4178 TIK =28315 -4584 -2782 14440  -4306
T/IK =283.15 -455611 -33777 13689  -42.18 TIK =28315 -4212 -2689  127.95  -39.43
6x10° T/K=283.15 -43.9285 -33741 14322  -4055 6x10°  T/K=28315 -4391 -3001 14445  -40.90
T/IK =283.15 -45.2497 -33655 14287  -4188 T/IK =28315 -4517 -2985 14388  -42.18
T/K =283.15 -455281 -33298 14153  -42.20 TIK =28315 -4568 -2980 14322  -42.70
T/K =283.15 -45.8309 -32564 13819  -42.58 T/K =28315 -4082 -2577 12411  -38.25
1x10° T/K=28315 -44.2553 -36026 14357  -40.65 1x10°  T/K=28315 -4187 -2457 13917  -39.41
T/K =283.15 -451025 -35578 14171  -4155 TIK =28315 -4432 -2516 14250  -4180
T/IK =283.15 -43.6677 -33881 13509  -40.28 TIK =28315 -4391 -2458 13903  -4145
T/IK =283.15 -44.6639 -33638 13402  -4130 TIK =28315 -4243 -2208 13023  -40.13
3x10° T/K=28315 -349061 -15477 11781  -33.36 3x10°  T/K=28315 -3572 -2275 11812  -33.45
T/K =283.15 -36.2827 -15566 11845  -34.73 T/IK =28315 -3452 -2128 11050  -32.39
T/K =283.15 -36.0324 -15207 11575  -3451 T/K =28315 -3839 -2330 12094  -36.06
T/K =283.15 -35.7002 -14508 11111  -34.24 TIK =28315 -3476 -2044 10616  -32.71
8x10° T/K=283.15 -39.0333 -22849 12078  -36.75 8x10°  T/K=28315 -4280 -2397 14260  -40.41
T/IK =283.15 -42.2236 -2.3945 13586  -39.83 TIK =28315 -4278 -2319 13803  -40.46
T/IK =283.15 -43.1204 -24071 13655  -40.71 TIK =28315 -4361 -2324 13847  -41.29
T/IK =283.15 -435689 -2.3545 13374  -4121 TIK =28315 -4396 -2273 13528  -4169
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[T,::;Tf] Temperature AGﬁ,_/1 AH‘n’q_/1 AS_‘n’;/_1 —TASE,/ [Cy;:::;?f?ne] Temperature AG;i AH ;ﬁ ASE‘/,l —TASEH/
kJ-mol™ kJ-mol™ J-mol.K kJ-mol kJ-mol™~ kJ-mol™ J-mol.”-K kJ-mol
2x 10" T/K=28315 -42.0070 -2.4176  139.81 -39.59 2x10*  T/K=28315 -4172 -2523 13843 -39.20
T/K =283.15 -42.0333 -2.3436  135.39 -39.69 T/K =28315 -4295 -2516  137.93 -40.44
T/K =283.15 -42.3415 -2.3235  134.22 -40.02 T/K =28315 -4392 -2531  138.80 -41.39
T/K =283.15 -44.8292 -2.3817  137.75 -42.45 T/K =28315 -4336 -2477 13267 -40.88
8x 10" T/K=283.15 -42.7819 -2.5760 141.99 -40.21 8x10* T/K =283.15 -41.00 -2.463 136.11 -38.54
T/K =283.15 -42.9436 -25044  137.94 -40.44 T/K =28315 -4146 -2414 13320 -39.05
T/K =283.15 -44.1532 -25322  139.59 -41.62 T/K =28315 -4044 -2440  127.43 -37.99
T/K =283.15 -455327 -25319  139.54 -43.01 T/K =28315 -4469 -2478  136.97 4221
[8] S.Reekmans, H.Luo, M.Van der Auweraer, F.C.De
CONCLUSIONS Schryver; Langmuir, 6, 628 (1990).

Onthebasisof our resultswe could concludethat
the hydrophobic effect due to presence of additives
(MS, benzene, toluene and cyclohexane) play amajor
rolein changing thesign of AH? for anionic SDSfrom
negativeto positive. In addition, thelatter hydrophobic
effect aso causesanincreaseinthe CMC of both an-
ionic and cationic surfactants.
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