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Cationic surfactants of alkyl (dodecyl, tetradecyl and cetyl) trimethyl ammonium bromide (C;,TAB, C,s,TAB and CsTAB) respectively
can be used to study micellization phenomenon in water-acetonitrile mixtures. Their critical micelle concentrations are measured by using
different techniques such as conductivity, UV spectra and density at different mole fractions of acetonitrile and temperatures. Effects of
adding NaBr to C;,TAB and C,,TAB solutions are discussed from conductance technique. Thermodynamics of micellization are studied

at 298 K but at different X,n. The differences in partial molar volume (AV,,.) for those solutions below and above (critical micelle
concentration) formed are estimated via density measurements and the related aggregation numbers can be calculated from Huisman’s

INTRODUCTION

Hydrophobic processes such as the aggregation of surfac-
tants to form micelles, bilayer membranes and vesicles and
the folding of globular proteins are important in understanding
and controlling many industrial and biological processes. For
examples, detergency, cleaning of surfaces, enhanced oil
recovery, controlling drug delivery and the digestion of fats
and cholesterol. All involve the aggregation of molecules
containing hydrocarbon chains in aqueous solutions.

Two basic precise of this reexamination are (i) that water
shares a number of solvophobic features with other solvents
either polar hydrogen bonding such as ethylene glycol' and
hydrazine® or dipolar aprotic solvents such as DMF’, (ii) that
water differs markedly in its structure by its unique three
dimensional structure than all other solvents.

Comparing the data on hydrophobic process such as micelle
in water and in their mixtures with acetonitrile will reveal part
of the information's required to gain a deeper understanding
of water. Several studies show that cosolvents with water can
inhibit the formation of micelles due to the dielectric constant
(€) of the cosolvent and its hydrophobic character*”.

In this work, the micellization phenomenon for the above
solutions in pure water or cooperative with AN makes this
type research be more interesting. Accordingly some applications
depending on the resulting critical micelle concentration (CMC)
will carried out such as (a) Effect of adding common ion salt

by applying equilibrium model at different X,y and temperatures. Gibbs energies of transfer per methylene group (8AG/S n.) are calculated |
treatment and compared with AV, values. Finally, the Krafft phenomena for given solutions are derived and discussed. :

Key Words: Micellization, Solvophobic behaviour, Water-acetonitrile mixtures, Aggregation number, Krafft phenomena.

on micellization behaviour. (b) Thermodynamic of micelle.
(c) The free energy associated with transfer of methylene group
from the bulk of solution into the interior of micelle core. (d)
Partial molar volume of the above solutions and the related
aggregation number, finally the related (e) Krafft phenomena.

EXPERIMENTAL

Cationic surfactants of (C;,TAB) (C,,TAB) and (C;sTAB)
(Eastman Kodak) with purity > 99.5 %, are recrystallized from
acetone and dried in a vacuum at about 323.2 K. Surface tension
measurements for these surfactants in water gave no indication
of a minimum near the critical micelle concentration CMC
values means that no impurities are present. NaBr (Merck) as
added salt is used with purity > 98.5 %

Conductivity water was obtained by passing ordinary
distilled water from a tin still over a 60 cm long Elgastat
deionizer and kept CO, free using soda lime tube where the
specific conductance yis 2-5 x 107 S cm™.

Acetonitrile (AN) (Merck Analar) is dried over night in
contact with 3°A molecular sieves; then distilled using
fractionating column where middle fraction was only collected.
Its yis found to be 5 x 10® S cm™.

Each H,O-AN mixture is prepared by weighing definite
volume of AN in 250 mL measuring flask, then add the required
amount of fresh conductivity water to give the desire Xan.

Surfactant solutions are prepared by weighing definite
amount of surfactant into 10 mL weighing bottles using Mettler
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H 80 balance with accuracy of + 10*. Add the required solvent
either pure water or H,O-CH3CN mixtures to attain the
required molar concentration.

Conductivity meter model (HI 8819) was used to measure
specific conductance's ¥ of the above solutions at different
temperatures with accuracy of + 0.05 K.

Ultraviolet spectra are carried out on a Shimadzu (Japan)
model 160-AUYV visible spectrophotometer to define CMC at
298 K. In this field, UV absorbency at different surfactant
solutions at given Xy was carried out at maximum wave length
Amax = 210 nm.

Density measurements are carried out for surfactant
solutions in small range of (H,O-CH3;CN) mixtures (Xan = 0.0,
0.2 and 0.4) as a function of molar concentration and tempe-
rature. The measurements are carried out using density meter
model DMA 48 where the filling of liquid sample was drawn
into the dry cell of this meter either manually using a syringe or
semi automatically using a pump or an aspirator pump. The
temperature is adjusted by a built in solid state thermostat.

TABLE-1
CMC’S FOR C,TAB IN (H,0-CH;CN) MIXTURES
AT DIFFERENT TEMPERATURES

RESULTS AND DISCUSSION

Critical micelle concentrations (CMCs) for C,,TAB, C,,TAB
and C,(TAB are derived from conductance measurements at
different X~ and temperatures(298-318 K). In this field, measu-
rement depends on the change in the behaviour of monomeric
surfactant molecules during variation into micelle which CMC
can be detected by plotting molar conductance A(S cm” mol™)

against root mean squares of molar concentration \/a (mol L)
of surfactant to give CMC at broken down line. Table-1 shows
CMC:s for these surfactants derived from three different methods
as conductance, density and UV spectra at different X n = 0.0,
0.2 and 0.4 and at 298, 308 and 318 K respectively where CMC
is found to increase by increasing either AN or temperature.

UV absorbance at 298 K is taken at Ay, = 210 nm for
C,TAB and C,TAB solutions separately at X,n equals 0.2
and 0.4 where CMC can be detected at the broken slope from
plotting maximum absorbance against the related molar
concentration.

The equilibrium between monomers and micelle can be
given by:

NS*+ (N-p) Br — M™ (1)
where S*, represents cationic surfactant, M is the formed
micelle and N is the aggregated number of the micelle. The
equilibrium constant:

K = Cv"/[(C)™ (Cor)™?] (2)
can be related to standard free energy of micellization per
monomer by:

AG,/(NRT) =-1/N In C** In Cs+ (1-p/N) InCs,.  (3)
Since N is highly in water within (50-100), the C\** term
is small and insensitive to be estimated.
In absence of added salt, both Cs, and Cg,- can be replaced
by the CMC in eqn. (3) hence:

AG,/(NRT) = (2-B) In CMC 4)
where B = p/N is the degree of dissociation of the micelle. For
completely ionized micelle = 1 while for neutral one either
zwitter ionic or nonionic surfactants, p = 0.

To introduce B value in eqn. (4), another treatment is
adopted by Mukerjee et al.'’ related CMC in presence of added

-1
Xan Method CMC (mol')

C,,TAB C,,TAB C,,TAB

298 K
a 0.0156 0.0029 0.0020
0.0 b 0.0155 0.0029 0.0021
® 0.0157 0.0029 0.0020
a 0.0161 0.0090 0.0050
0.2 b 0.0162 0.0091 0.0049
® 0.0160 0.0090 0.0050
a 0.0167 0.0103 0.0070
0.4 b 0.0169 0.0100 0.0068
@© 0.0168 0.0102 0.0069

308 K
a 0.0163 0.0033 0.0030
0.0 b 0.0160 0.0031 0.0029
® 0.0162 0.0029 0.0031
a 0.0169 0.0100 0.0040
0.2 b 0.0170 0.0110 0.0039
c 0.0168 0.0100 0.0041
a 0.0178 0.0108 0.0080
04 b 0.0178 0.0109 0.0079
c 0.0179 0.0110 0.0075

318 K
0.0 a 0.0173 0.0036 0.0040
’ b 0.0174 0.0035 0.0039
c 0.0172 0.0036 0.0041
a 0.0178 0.01040 0.0060
0.2 b 0.0179 0.01039 0.0059
c 0.0179 0.01040 0.0058
a 0.0187 0.0112 0.0080
0.4 b 0.0186 0.0111 0.0079
c 0.0188 0.0113 0.0080

a = from conductance measurements, b = from absorbance
measurements, ¢ = from density measurements

NaBr as common ion at different media with the above
equilibria as following:

In CMC = 1/N [In Cy"* - In K]-(1-B) In C; (5)
where C; is the sum of surfactant and molar concentration of
NaBr added which represents the concentration of the free
counter ions.

Qualitative treatment to test the effect of adding NaBr is
carried out for C,,TAB and C,,TAB surfactants. For most
surfactants, the presence of electrolytes in aqueous solutions
causes a decrease in CMC with the greatest effect being found
for ionic surfactants'"'%,

In this field, CMC is determined in presence of 0.01, 0.018
and 0.025 mol L" NaBr by conductance measurements for
C,TAB and C,4 TAB solutions at only X,x=0.2 at 298-318 K.
The accurate CMC in presence of NaBr is fitted from mean
least squares method as shown in Table-2. At any given tempe-
rature, the new CMC, is obtained at lower molar concentration
than before adding NaBr solution while increases by increasing
temperature as shown from Figs. 1 and 2 respectively when
plotting A,, against \/E . The lowering in CMC value is
primarily due to a reduction in the electrostatic repulsions
between polar head groups in presence of the excess counter
ions of the electrolyte. The repulsion between head groups of
the surfactant is one of the main factors causes destabilization
of micelle structures".
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Fig. 1. Variation of A,, with \C of C,,TAB in Xay = 0.2, in presence of
NaBr at M 298 K, @ 308 K and A 318 K
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Fig. 2. Variation of A,, with \C of C,TAB in Xay = 0.2, in presence of
NaBr at Bl 298 K, @ 308 K and A 318 K

The observed inflection in the two intersected lines below
and above CMC may attributed to the excess addition of Br~,
as well as to relative binding affinities of the counter ions to
the micelle as a result of relative hydration or solvation of
these ions. It is possible to explain the effect of counter ion
size on the basis of water structure properties which enforced
ion pairing or structural salting in or out solution system.

According to eqn. (5), B can be derived from the slope of
any system (C,TAB or C;4sTAB) when plotting In CMC against
In C; at 0.01, 0.018 and 0.025 mol L"! NaBr at different tempe-
rature [ value is taken as an average of 0.2 in pure and in mixed
solvents. Table-2 related to the decrease in charge density of
the Stern layer of the formed micelles', thereby decreasing the
number of bromide ions bound to micelles". Ramadan et al.'®
tested the validity of eqn. (5) from fluorescence techniques when
NaCl is added as a common ion (Na*) solution with sodium
dodecyl sulphate ( SDS) in pure hydrazine as most similar in
properties to water. They obtained an average [ value equals
0.2, agreed well with those obtained from light scattering, combi-
nation of surfactant and bromide electrode'’, conductance, emf
and finally from change of CMC with added salt'®. Kresheck'’
had found that (1-) estimated from eqn. (5) is higher by 10 %
than obtained from other methods.

Last column of Table-2 concludes the differentiated
values with respect to temperature (8B/8T) for both C;,TAB
and C,4TAB at Xan = 0.2 which found to be 0.003 at all allowed
temperatures agreed with those recorded by Evans et al.”. They
estimated (8/8T) for C4TAB in water and found to be 0.003
which attributed to different binding affinities of the counter
ions to the micellar surface.

Thermodynamics of the micellization process are obtained
from applying equilibrium model. Gibbs free energy of trans-
ferring the surfactant hydrocarbon chain into micelle core
could be derived from eqn. (4) while enthalpy of micellization
AH,, is given by:

AH,, = RT? [(2-B)[8 In CMC/3T], -In(CMC)(3p/3T),](6)

Finally, the standard entropy of micellization AS,, can be
obtained from the well known relationship.

AS,, = (AH,, - AG,,)/T (7)

In all the above equations, the activity has been replaced
by molar concentration where the effect of neglecting activity
coefficients is estimated from the limiting Debye -Huckel
expression.

Values of AG,,, AH,, and AS,, for C;,TAB and C,,TAB at
different Xy are calculated according to the above related
equations at 298 to 318 K. The data are collected in Table-3.

In comparing AG,, for the two surfactants C,,TAB and
C4TAB in aqueous solutions, it is found that C,,TAB has more
negative values than C,TAB at all given temperatures where
the negativity for C,,TAB is slightly decreases by increasing
AN content. AG,, for C;;TAB at 298 K ranged in between
-18.45 and -18.15 kJ mol’!, that at 308 K in between -18,87
and -18.47 kJ mol” while at 318 K are ranged in between
-19.20 and -18.83 kJ mol’, all at the same range of Xan. The
related AG,,’s for C,s,TAB at the same trend are obviously
within [(-25.91) - (-20.29)], [(-26.19), (-20.76)] and [(-26.63)-
(-21.26)] kJ mol™ at 298, 308 and 318 K respectively. This
trend can be attributed to the difference lengths of the alkyl



9062 Ramadan et al. Asian J. Chem.
TABLE-2
CMC, 3 AND (3B/8T) VALUES IN PRESENCE OF NaBr AT X = 0.2 AND AT DIFFERENT TEMPERATURES
Temp. (K) NaBr (mol L) CMC -log CMC log C; =02 (8B/8T)
C,,TAB
0.0100 0.00848 2.0716 1.7333
298 0.0180 0.00687 2.1629 1.6043 0.164 0.003
0.0250 0.00557 2.2541 1.5147
0.0100 0.00930 2.0315 1.7144
308 0.0180 0.00760 2.1191 1.5917 0.194 0.003
0.0250 0.00630 2.2007 1.5044
0.0100 0.00980 2.0088 1.7033
318 0.0180 0.00810 2.0915 1.5833 0.220
0.0250 0.00680 2.1675 1.4975
C,,TAB
0.0100 0.00800 2.0969 1.7447
298 0.0180 0.00640 2.1938 1.6126 0.170 0.003
0.0250 0.00520 2.2839 1.5199
0.0100 0.00940 2.0269 1.7122
308 0.0180 0.00760 2.1192 1.5417 0.200 0.003
0.0250 0.00630 2.2007 1.5045
0.0100 0.00950 2.0223. 1.7099
318 0.0180 0.00790 2.1023 1.5867 0.230
0.0250 0.00650 2.1804 1.5003
TABLE-3
THERMODYNAMICES OF CATIONIC SURFACTANTS AT DIFFERENT TEMPERATURES
298 K 308 K 318 K
Xan AG,, AH,, AS,, AG,, AH,, AS,, AG,, AH,, AS,,
(KJ/mol) (KJ/mol) (J/mol K) (KJ/mol) (KJ/mol) (J/mol K) (KJ/mol) (KJ/mol) (J/mol K)
(a) C;,TAB in (H,0- CH,CN) mixture
0.00 -18.4510 -15.0160 0.0115 -18.8690 -15.9370 0.0095 -19.2000 -18.0160 0.0037
0.20 -18.3110 -15.5540 0.0092 -18.7030 -16.5010 0.0071 -19.0650 -17.7140 0.0042
0.40 -18.1490 -17.4950 0.0022 -18.4660 -18.5380 0.0002 -18.8320 -18.5480 0.0009
(b) C,,TAB in (H,0-CH;CN) mixture
0.00 -25.9130 -30.0200 -0.0138 -26.1900 -31.7610 -0.0181 -26.6280 -30.4620 -0.0120
0.20 -20.8900 -24.3600 -0.0116 -21.1080 -25.7710 -0.0151 -21.6080 -22.3960 -0.0025
0.40 -20.2920 -16.4000 0.0131 -20.7550 -17.4060 0.0109 -21.2570 -17.6330 0.0114

chain where C;,TAB needs more work to study the effect of
solvent and enter the micellar core and finally associate solvent
molecules around the formed micelle.

Aguiar et al.*' calculated AG,, for C14,TAB in formamide-
water system, found that its value in water is negative where
its negativity be decreases by increasing formamide content.
They also stated that AG,, was roughly dependent on tempe-
rature where no valuable variation was observed by increasing
it. Moya et al.” attributed the decrease in the interfacial Gibbs
energy term upon increasing the organic solvent content at
least partially responsible for the observed decrease in aggre-
gated number.

AH,, is strongly affected by medium nature in which
hydrogen bonding may strengthened or weakened, formed or
broken between H,O and H,O-CH3;CN molecules. Also there
must be an interaction between the charge on the counter ions
in the formed micelle and the totality of charges in the solvent.
Accordingly, AH,, for C;,TAB at 298 K is found to vary from
-15.02 kJ mol™ in pure water into -17.50 kJ mol™ at Xan = 0.4
where the negativity is increased also by increasing tempe-
ratures. In case of CsTAB, AH,, is showed to start in pure
water with more negative value than in their co solvent at all
allowed temperatures due to difference in hydrophobic

tendency in water and mixtures. In comparing AH,, for C,,TAB
and C4TAB it is found that the second surfactant in water at
all temperatures has twice value than the former gives evidence
that C\4TAB hydrocarbon chain is more exothermic for
micellization process.

The arrangement affinity for water or acetonitrile as co
solvent molecules around the aggregated surfactants differ
markedly from one system to another due to different inter-
actions between the two solvents. This phenomena is reflected
on the calculated AS,, as tabulated in Table-3 for C,,TAB and
C,4TAB surfactants at different X,n and temperatures.

In comparing AS,, of C;,TAB and C,TAB at different Xay,
they accept either positive or negative values depending on
the ability of water in pure or in co solvent to be more ordering
or more distorted around micelles.

It is found that C,,TAB have always positive values while
C,4TAB have negative one.This is because the large hydro-
carbon tail seeks for a suitable vacancy where water molecules
are highly ordered around it i.e. it is hydrophobic structure
making.

The Gibbs energy associated with transfer of methylene
(-CH,-) group from given medium into the oil-like interior of
the micelle, can be obtained from the change in CMC chain
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length for a homologous series of surfactants® using the
following equation.

IOg XCMC = ad, - a1 N¢ (8)
where 1. is the number of carbon atoms in the non-polar side
chain (8 <n.< 18). while a, and a; are constants can be obtained
from the intercept and slope respectively when plotting log
Xewme against ne where CMC is taken in mole fraction scale.

Table-4 includes the computerized a; according to eqn.
(8) for each hydrocarbon series at Xax equal to 0.0, 0.2 and
0.4 and temperatures (298 -318 K).

TABLE-4
CALCULATION OF a,, a, AND (5AG/n) FOR C,TAB IN
WATER-AN MIXTURES AT DIFFERENT TEMPERATURES

8G/6
T (K) MXae om0 WXadn=a  OOW)
X = 0.0
-4.1759 12
298 -5.8459 14 -0.70035 -3.1254
-6.7266 16
-4.1327 12
308 57171 14 -0.6558 -3.0247
-6.4393 16
-4.0914 12
318 -5.6332 14 -0.7804 -3.7161
-7.2651 16
X =02
-4.1449 12
298 47190 14 -0.5276 -2.3546
-4.0970 12
308 46151 14 -0.5057 -2.3324
-4.0462 12
318 45763 14 -0.4991 -2.3767
X = 04
-4.1089 12
298 45858 14 -0.4969 -1.7247
-4.0462 12
308 45389 14 -0.4883 -2.2524
-2.5753 12
318 3.9977 14 -0.4819 -2.2947

Inspection of this table, a; has been found to give more
negative value in pure water ranged between (-0.7004) to
(-0.7804) related to 298 and 318 K respectively. The negativity
in a; is obviously decreases by increasing both acetonitrile
content and temperature.

Verral et al.** and Zana® applied eqn. (8) only in pure
water for [Ci,Hys CuHomy1) N*(CH;),Br] where m varies from
1 to 10 as a function of chain length.

In comparing eqns (4) and (8) and after minor modifi-
cations, the free energy for (-CH,-) group can be obtained
from

(6AG/d n.) = (2-B) RT a; )

The calculated (8AG/d n.) for cationic surfactant series at
different H,O-AN mixtures are recorded in the previous Table-
4. The (8AG/dn,) in pure water is found equals -3.125 kJ mol’!
at 298 K for C;;H,s N*(CH;);Br be consisted with the same
value obtained by Ramadan et al.'®*. They applied eqn. (9) to
calculate the Gibbs free energy of transfer per -CH, -from
water into micelle interior for series of sodium alkyl sulphates
in both water and hydrazine at constant temperature. They

obtained (8AG/dn.) values -3.177 and -2.97 kJ mol™ in water
and hydrazine respectively attributed the smallest differences
between them to the greatest similarity in most their physical
properties indicating that transfer of -CH,- depends mainly
on the nature of the medium.

It can be seen from Table-4 that (8AG/8 n.) in water have
more negative values than in water-acetonitrile mixtures indi-
cating that water gave different behaviour in the process of
micellization due to its own unique tetrahedral structure?®’.

Absolute density (d = ¢ mL") measurements for only
(C14TAB) in H,O-acetonitrile mixtures at 298. K are carried
out as a function of concentration. CMCs are obtained from
plotting (d) against molar concentration where abrupt changes
are obviously obtained at roughly (CMC) values. Accurate
CMC value is calculated by using the least mean squares
method where CMC is found to increase by increasing Xan as
well as temperature Table-1.

It must be mentioned here that not all of the above surfac-
tants are used simultaneous in cutting all applications but be
selected among them.

Partial molar volume (PMV) is one of the most important
properties which must be applied to surfactant solutions derived
from density measurements of these solutions either in pure
or in mixed water-acetonitrile. In this field, the change in density
of the surfactant solutions is very sensitive to varying (i) medium
accompanied the breaking down hydrogen bonds for the clusters
network when adding organic solvent (ii) transfer the monomers
into micelles is accompanied by solvated molecules around
micelle units differ markedly in their bulk structure.

In order to investigate the formation of surfactant aggre-
gation, Vikholm et al.”® measured (partial molar volume) of
the surfactant Vy,, either for monomer V on) or for micelle V i,
by using eqn. 10.

Vur = Mo/d-[(W + Wz)/dz] [8d/8 N2 (10)
where M is the molar mass of given surfactant, W; and W,
are weights of solvent (either in pure or in mixed water-
acetonitrile) and that of surfactant respectively. n, and n,, are
the molar concentrations of solvent and surfactant solution
respectively.

Vikholm measured AV as the difference between partial
molar volume below V 0n) and above V i) CMC of C6TAB in
hexanol-H,O system from density measurements at 298. K as
followed eqn. 11.

AV =Vimie). - Vimon,) (11)

Fig. 3 gives the relation between Veisras and C mol L at
298 K, in water-acetonitrile mixtures where the lower scattered
points represent Vmon), While the above line is related to V mic).

Important features can be observed from the above Fig. 3
that Vmen) values are scattered dramatically through small
concentration range while the above Vi) points have fitted
straight lines parallel to abscissa. This observation generally
indicated that (i) the formed micelles have higher stabilities
than monomers and (ii) the formed micelles in water have
higher globular structure and be more stable than those formed
in mixtures with smaller spherical or globular structures. The
stability of aggregated micelle formed depends mainly on
the constancy between attractive and repulsive components
as polar and counter ions responsible to the free energy of
micellization.



9064 Ramadan et al. Asian J. Chem.
TABLE-5
PARTIAL MOLAR VOLUME AV,,, AND THE AGGREGATION NUMBER N, FOR C,TAB AT DIFFERENT X,y AND TEMPERATURES
X C,,TAB C,,TAB C,TAB
N AV, (dm mol™) N, AV, (dm mol™) N, AV, (dm mol™) N,
298 K
0.0 8.5 57 8.9 58 9.1 60
0.2 8.4 56 8.8 57 9.0 58
0.4 6.8 52 7.8 53 8.8 54
308 K
0.0 7.3 54 7.8 57 8.1 58
02 7.0 53 75 54 7.8 56
0.4 6.4 51 7.1 52 7.3 53
318K
0.0 5.0 52 5.1 54 5.4 56
0.2 48 51 4.9 52 52 53
0.4 3.7 50 3.9 51 4.2 52
390 log CMC =A-B C, (12)
On the other hand, the aggregation number (N,) of sur-
380 . . . . factant is found related to number of carbon atoms in side
370 chain n by the following equation®.

=~ o log N, =A" -B’ n, (13)

2 360 R R A a where A” and B” are new constants. Combining eqn. (12) with

£ A (13) yields Huisman’s equation™ in terms of the molecular

E 350 f a4 a weight (MW) of the surfactant monomer as follows:

S log N, = a-b log(CMC) -log(MW) (14)
340 - . X2 0.0 where a and b are constants. Fitting data for a homologous
s30 e : éii - 8:3 series of (C,TAB) in water and in mixed solvents at different

» AN = temperatures yield those constants at various Xy and tempe-
320 . . . . ratures found to give a=3.7 £ 0.4 and b =0.262 + 0.01 where
0 0.02 0.04 0.06 0.08 0.10 0.12 N, be calculated for C;,TAB, Ci,TAB and CixTAB as shown
Coneentration (mol/L) in Table-5. In our solutions, the aggregated number of surfac-
Fig. 3. Variation of V¢ s with molar concentration in (H.O-CH;CN)

mixtures at 298 K

In order to study the effect of temperature on partial molar
volume for the above surfactant solutions, an additional two
surfactants C;;TAB and C;sTAB at different X,y are selected
to calculate V. at temperature range from 298 to 318 K, AV
for all solutions are found to decrease by increasing tempe-
rature and Xan but increases by increasing the length of the
hydrocarbon chain as shown in Table-5.

The effect of varying alkyl chain on AV is studied in pure
water by comparing AV for homologous series of C,TAB,
C TAB and CsTAB at 298 K, where AV are found to be 9.1,
8.9 and 8.6 dm mol" respectively. Backlund et al® tried to
estimate AV for C4,TAB at 303.2 K in ethylene glycol as mixed
solvent with water. They found that AV be decreases while
CMC increases by increasing (ethylene glycol) contents.

Aggregation number: N,: Micellar aggregation number
is one of the important characteristic of surfactant solutions
at above CMC and classically be determined by several
methods™?2.

In general,the average aggregation number” is strongly
depends on (i) the nature of the solvent (ii) the number of
alkyl chain per amphiphilar, (iii) the length of the amphiphilar,
(iv) the steric requirements of the tail close to the polar head
group and finally on (v) the temperature.

It can be readily seen that empirical relation between CMC
and alkyle chain C, is obeyed eqn. 8 in modified formula:

tant is found to increase by increasing the length of the hydro-
carbon chain at given Xan and temperature. Also it’s found
that N, values decrease by increasing temperature at given
Xan and found to be consisted with Evans® view.

Since the ability of aggregation is decreased by decreasing
the dielectric constant (€) of the medium, hence, in rich aceto-
nitrile region, relative small aggregated numbers for micelles
are found parallel to small AV. In contrast, the resulting size
distribution in pure water is such that under all conditions larger
amounts of surfactant molecules are collected within larger
size of each micelle unit.

Krafft phenomena: Krafft temperature (K.T.) and the
related critical micelle temperature (CMT) are obtained as a
result of the abrupt change when plotting surfactant concen-
tration below solidification against the solubility temperature
(S.T.) for given solvent composition. The above relations for
C,,TAB and C;TAB at different X,y are represented graphi-
cally by Fig. 4a and 4b, respectively while Table-6 shows the
collection of their data.

It can be readily seen from Table-6 that Krafft temperature
and CMT values are increases by increasing either Xy or cationic
size and mainly found to responsible to the degree of micelle
stability. As clearly mentioned before that the basicity of
acetonitrile be more stronger when added to another protic
solvent like water where the attractive forces between aceto-
nitrile and water co-operate to give more stable micellar form
needed more temperature to decompose it. The cohesion between
hydrocarbon chains is favoured when increasing their lengths.
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TABLE-6

KRAFFT TEMPERATURES (K.T) AND CRITICAL

MICELLE TEMPERATURES (CMT) FOR C,,TAB
AND C,, TAB IN (H,0-CH,CN) MIXTURES

X C,,TAB C,,TAB
AN K.T (K) CMT (K) K.T (K) CMT (K)
0.0 2743 274.6 275.6 2755
0.2 275.3 275.3 276.2 276.4
0.4 277.1 2772 27725 2775
0.6 278.2 277.9 277.9 2783
0.8 2785 278.0 279.6 279.6
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Fig. 4. Krafft temperatures for (a) C;,TAB and (b) CisTAB at different Xan

Mehrotra et al.*® observed larger Krafft temperature values
in alcohols than in pure water while Bales et al.’” determined
Krafft temperature of cesium dodecyl sulphate CsDoS in water
in absence and in presence of common salt. They suggested
that Krafft temperature measurements may form the basis to
determine the degree of counter ion dissociation in ionic
micelles. Alternatively when two different configurated surfac-
tants with the same hydrocarbon chain like C;(N(CH3);Br and
C,00SO;Na each in hydrazine® are examined, it found that
Krafft temperature to be close to each other 17.4 and 17.8 °C
respectively. This result supported that Krafft temperature
depends mainly on the chain length of the hydrocarbon tail
not to polar head group.

Conclusion

The hydrophobic behaviour of surfactant solutions in pure
water encourage us to study its properties in mixed solvent
with water to know solvophobic properties related to micelle
process. It is known that water is characterized by its unique
three dimensional tetrahydral structure. Accordingly the
studying properties in H,O-CH3;CN mixtures such as addition
of NaBr to cationic surfactants like C;,, Ci4 and C;sTAB, AV

between micelle and monomers, the related aggregation number
and Krafft temperature phenomena reveals more informations
about water.

In addition, the thermodynamics and -CHo- transfere into
micelle core help in understanding the nature of this solvent
relative to mixtures.
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