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CTAB-PEG and SDS-PEG, respectively.

INTRODUCTION

The interactions between water-soluble polymers and
surfactants have been the subject of academic and industrial
research interest for the past decades. Because surfactants are
relevant in processes such as detergency, wetting, foaming or
emulsification. While polymers are used to control the viscosity
of solutions. Therefore, mixing these substances give some
synergistic properties as a result of interaction between them.
So understanding these interactions has great technological
significance in further investigations of the complex structure
of polymers and surfactants. Most industrial formulations, such
as laundry detergents, personal care products, water-soluble
paints and oil recovery fluids, contain both water-soluble
polymers and surfactants'. The mixed systems of the water
soluble polymer and ionic surfactants have properties differing
from those of the pure components due to the complexation
of the polymer with the surfactants®. It is well known thationic
surfactants interact much more strongly than non-ionic surfac-
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ITonic surfactant such as sodium dodecylsulfate (SDS) and N-cetyl N,N,N-trimethyl ammonium bromide (CTAB) has been tensiometrically |
and conductometrically studied in the presence and absence of water soluble polymer i.e., varying concentration and molar mass of |
poly(ethylene glycol). Surface tension study shows that poly(ethylene glycol) (PEG) is surface active and its mixture with CTAB and SDS |
effect the CMC of these surfactants i.e., CMC of CTAB increases with addition of PEG, changes more when concentration or molar mass
increases while the effect is opposite for SDS. The surface tension curve of the mixed system of CTAB-PEG show that after CMC, CTAB |
molecules replace all the PEG molecules or its loops while in case of SDS-PEG some molecules or loop of the polymer always been |
present at the interface beyond CMC of SDS. Thermodynamic parameters calculated for the mixed systems shows that free energy of |
micellization for CTAB-PEG increases with the increase in concentration and molar mass of polymer, but opposite result was observed |
for SDS-PEG mixture. The conductometric and tensiometric results, regarding micellization were comparable. Whereas, different
micellization behavior of CTAB and SDS in the presence of PEG is due to the hydrophobic interaction and ion dipole interaction between I
|
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tants with neutral polymers® however anionic surfactants have
a higher affinity for neutral polymers than cationic surfactants’.
Ionic surfactants form micellar complexes with the polymer
chain, which are formed at the critical aggregation concen-
tration (CAC), which is substantially lower than the critical
micellar concentration (CMC) of the pure surfactant solution.

Mixed system of ionic surfactant and neutral polymer have
been extensively studied by viscometry® surface tension®'
dialysis'' conductivity'>"* potentiometric measurements'* NMR
spectroscopy>'® light and neutron scattering'’ electrophoretic
light scattering'®" fluorescence spectroscopy”>*' and kinetic
probes??*. These can be categorized into two main types>*.
The first is weakly interacting systems normally consisting of
a neutral polymer with a charged surfactant where the inter-
actions are largely hydrophobic in nature. In these systems,
some enhanced adsorption occurs in the presence of both species,
but after micellization of the surfactant in the bulk solution,
the polymer largely displaced from the interface. The second
category consists of strongly interacting systems where



Vol. 26, No. 20 (2014)

Variant Molar Mass and Concentration Effect of Polyethylene Glycol over CTAB and SDS 6809

opposite electrostatic charges or strong hydrophobic inter-
actions can lead to the formation of multilayers of alternating
polymer and surfactant layers at liquid interfaces. These gene-
rally consist of two to three layers, with a top layer of surfactant
followed by a layer of polymer and a second layer of surfactant,
but these have been mostly studied in very dilute solutions up
to a few times the critical micelle concentration of the surfactant
and for polymer concentrations in the ppm range*.

In this report we investigated the effect of water soluble
polymer poly(ethylene glycol) (PEG) over the physio-chemical
properties of ionic surfactants (SDS and CTAB) also the effect
the different molar mass and concentration of poly(ethylene
glycol) have been studied by surface tension and conductance.
To evaluate the interactions between the PEG (at 4K, 10 K
and 20 K)) with ionic surfactants the surface tension measure-
ment and conductance data have presented in way which help
to understand the type of interaction.

EXPERIMENTAL

N-Cetyl N,N,N- trimethyl ammonium bromide (CTAB)
was obtained from Fluka (Buchs, Germany), sodium dodecyl
sulfate (SDS) was obatained from E. Merck, Germany, being
of analytical grade used without further purification. whereas
PEG having molecular mass 4, 10 and 20 kg/mol was donated
by Department of Physical Chemistry, University of Bayreuth,
Germany which was originally obtained from Shell (Munich,
Germany) and used as such. The deionized water whose conduc-
tance ranged from 1.2 to 2.5 IS/cm was used as a solvent.

Sample preparation: Known concentrations of SDS,
CTAB, SDS + PEG, CTAB + PEG and PEG (4, 10, 20 kg/mol)
were prepared in deionized water as a stock solution. Solutions
of pure SDS, CTAB and PEG of different concentration were
obtained by diluting the stock solution. Mixed stock solutions
of SDS + PEG and CTAB + PEG were obtained by diluting
the stock solution with PEG solution instead of water.

Surface tension measurement: The surface tension was
measured using TE3 LAUDA tensiometer, supplied by LAUDA,
Germany. All measurements were made sufficiently slowly
so as to ensure equilibrium conditions. The temperature was
kept constant at 25 £ 0.01 °C. For the purpose, Ecoline Circu-
lation Thermostat Model E 015T Germany was employed.

The conductance of the solution of surfactant, polymer
and their mixture was measured in de-ionized water using
InoLab Cond. 720 conductivity meter (Buchs, Germany). The
conductivity cell and the vessel used for the measurement were
properly cleaned and the conductivitymeter was standardized
before use.

RESULTS AND DISCUSSION

Determination of critical micelle concentration (CMC)
and interfacial adsorption: A number of techniques have been
employed to measure amphiphilic character of the surfactant
and polymer; among these techniques the surface tension ()
measurement is commonly used method. Critical micelle
concentrations of the surfactants, polymers and their mixtures
were determined from surface tension versus concentration
(In C) plots (Figs. 1 and 2). The CMCs values of the pure
systems were agreed well with literature values®** (Table-1).
Whereas the CMCs values obtained for mixed systems are listed
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Fig. 1. Surface tension vs. In concentration of aqueous solution of
surfactants and polymer alone
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Fig. 2. Surface tension curve of CTAB and their mixture with PEG at 4K
(0-1 %)

TABLE-1
CRITICAL MICELLAR CONCENTRATION (CMC), SURFACE
EXCESSES CONCENTRATION, AREA PER MOLECULES,
FREE ENERGY OF MICELLIZATION AND INTERFACIAL
ADSORPTION ENERGY OF POLYETHYLENE GLYCOLE
CALCULATED FROM SURFACE TENSION TECHNIQUE

PEG CMC T,./molecule A, AG i AG,q,
(mM) (nm) (nm* (kI mol™) (kJ mol™)
4K 0.017 0.24 422 -37.20 -55.12
10K 0.005 0.23 4.26 -40.05 -61.27
20 K 0.002 0.22 4.47 -42.28 -68.63

in Table-2. From these calculated CMC:s of the surfactants and
polymer, it is clear that CTAB is more surface active than SDS
while that of PEG of higher molecular weight shows more
surface activity compare to its lower weight PEG i.e. the CMC
of PEG 20 kg/mol > PEG 10 kg/mol > 4 kg/mol. The surface
activity of PEG shows the only 20 % mass of the polymer
anchored to the interface whereas the remaining mass of the
polymer form long bulk phase loops®. All the curves of surface
tension of pure surfactant and its mixture with PEG are same
as observed by others for such systems®*. The plot of surface
tension vs. concentration of pure surfactant or their mixture
with polymer can be divided into three regions. Region I, starts
from very dilute concentration where surfactant molecules are
present in molecular state in solution to a point called as critical
concentration represented as CAC or T1 (pure surfactant and
mixture respectively) where surfactants molecules coexist in



6810 Ali et al.

Asian J. Chem.

TABLE-2
CRITICAL MICELLAR CONCENTRATION (CMC), SURFACE EXCESSES CONCENTRATION, AREA PER MOLECULES,
FREE ENERGY OF MICELLIZATION, INTERFACIAL ADSORPTION ENERGY AND COUNTER ION BOUND OF CTAB
AND SDS WITH AND WITHOUT PEG, CALCULATED FROM SURFACE TENSION AND CONDUCTANCE TECHNIQUES

CMCqqp CMC; I, /molecule AG, ;i AG, 4 B

Surfactants + PEG (ml\/?) d (mMS)T (nm) Ace (nm) (kJ mol ™) (kJ m(;il") (No. unit)
SDS (0 %) + PEG 4 K 8.05 8.15 1.94 0.51 -21.90 -32.50 0.59
SDS (0.1 %) + PEG 4 K 7.25 7.30 1.55 0.64 -22.14 -34.80 0.45
SDS (0.5 %) + PEG 4 K 7.05 7.15 1.41 0.71 -22.20 -36.02 0.43
SDS (1 %) + PEG 4 K 7.00 7.01 1.33 0.75 -22.24 -36.73 0.39
SDS SDS (0.1 %) + PEG 10 K 6.60 6.74 1.44 0.73 -22.34 -35.69 0.38
SDS (0.5 %) + PEG 10 K 6.55 6.60 1.41 0.78 -22.40 -35.91 0.36
SDS (1 %) + PEG 10 K 6.30 6.35 1.40 0.82 -22.50 -35.91 0.33
SDS (0.1 %) + PEG 20 K 6.10 6.10 1.18 0.84 -22.59 -38.49 0.34
SDS (0.5 %) + PEG 20 K 5.90 5.95 1.15 0.87 -22.64 -38.78 0.32
SDS (1 %) + PEG 20 K 5.80 5.74 1.09 0.91 -22.74 -39.53 0.30
CTAB (0 %) + PEG 4 K 1.01 1.01 2.10 0.47 -27.04 -37.10 0.71
CTAB (0.1 %) + PEG 4 K 1.10 1.12 1.76 0.57 -26.78 -37.96 0.68
CTAB (0.5 %) + PEG 4 K 1.15 1.18 1.65 0.60 -26.65 -38.66 0.66
CTAB (1 %) + PEG 4 K 1.25 1.28 1.64 0.61 -26.45 38.63 0.65
CTAB CTAB (0.1 %) + PEG 10 K 1.20 1.24 1.76 0.57 -26.53 -37.84 0.65
CTAB (0.5 %) + PEG 10 K 1.30 1.29 1.71 0.58 -26.43 -38.20 0.63
CTAB (1 %) + PEG 10K 1.42 1.40 1.60 0.62 -26.23 -38.86 0.61
CTAB (0.1 %) + PEG 20 K 1.40 1.36 1.64 0.61 -26.30 -38.59 0.62
CTAB (0.5 %) + PEG 20 K 1.50 1.45 1.61 0.62 -26.14 -38.69 0.60
CTAB (1 %) + PEG20 K 1.60 1.55 1.57 0.64 -25.98 -39.01 0.59

equilibrium with a monolayer at air water interface and start
aggregate formation on the polymer chain . Region II, starts
from CAC and end at T2 (in case of mixed system) or CMC
(pure surfactant solution)where at T2 the surfactant micelle-
fully saturate the polymer and the point of minimum surface
tension called as critical micelle concentration CMC***.
Region I1I, starts from CMC or T2 (surfactant alone and surfac-
tant polymer mixture respectively) and in case of pure surfac-
tant the curve remains straight after CMC due to no addition
of surfactant molecules to the interface while in case of polymer
surfactant mixture there is T3 point at which the surfactant
molecules replace all the polymer molecules or its loop from
the interface and the surface tension curves of the pure
surfactant and polymer surfactant mixtures become level in
most mixed system (CTAB-PEG studied). But in SDS-PEG,
at T3 the surface tension curve not become level to SDS surface
tension curve because of the presence of some loops of PEG
at the interface due to ion dipole interaction between SDS and
PEG. The addition of polymer (PEO 4 kg/mol) to surfactant
solution changes the shape of surface tension curve due to
many factors depending upon the nature of surfactant and
polymer, among them hydrophobicity and surface activity play
important role for the reactivity of ionic surfactant and neutral
polymer®'. From Fig. 2 it can be seen that surface tension curve
of mixed system is lower than the pure surfactant curve in the
dilute region due to the reason that polymer molecules or loops
of polymer are also present on the interface along with
surfactant molecules. As the concentration of the CTAB-PEG
4 kg/mol increases the difference in the surface tension curve
of the pure surfactant and surfactant + PEG become zero at
point which is called as T1. In T2 region the higher surface
tension curve compared to that of pure surfactants indicates
that there present mixed aggregates of polymer with surfactant.
Further increases in concentration of the mix system, the
gradual replacement of the polymer takes place which can be

seen from the curve difference of the mix system and that of
the pure surfactant becomes nearly zero at point T3. Further
increase in concentration of surfactant in CTAB-PEG (4 kg/
mol) may result in changing the aggregate size and shape®
rather than changing the surface tension. From Fig. 2 it can be
noted that as the concentration of PEG 4K increases from 0.1
to 1% the difference in the surface tension curves of pure
surfactant CTAB and CTAB-PEG mixture increases, (T1
decreases and T3 increases). From the intersection point of
the curves in Fig. 2 the CMCs of the aqueous solution of CTAB
alone and its mixture with PEG 4K/0-1% can be calculated
which is listed in the Tables 1 and 2 respectively. Fig. 2 indicated
that by the addition of PEG to CTAB, the CMC of the CTAB
increases and this effect is more pronounced if the
concentration of the polymer is increased from 0.1-1%.
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Fig. 3. Surface tension curves of CTAB alone and their mixture with 0.1 %

PEG 4, 10 and 20 kg/mol

Fig. 4 shows the effect of PEG (4 kg/mol, concentration
effect) over the surface tension of SDS. The surface tension
curve of SDS pure and its mixture with PEG are in general
alike to the CTAB and its mixture with PEG but with some
difference in the CMC region and T3 point which are the results
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of different interaction of polymer with SDS. Fig. 4 also shows
the lower surface tension curve for SDS-PEG mixture in the
dilute region than the curve of the pure SDS due to associative
behaviour of the mixed system. It can also be seen from the
Fig. 4 that competitive adsorption of molecules or loops of
PEG and surfactant molecules for interface start and free PEG
contents been displaced from the interface by surfactant
molecules at T1 point but here in SDS-PEG system the all the
contents of PEG cannot be displaced from the interface which
is clear from the synergetic surface tension curve (low in
effectiveness of surface tension) of the mixed SDS-PEG system
after T1. Furthermore the calculated CMC of the mixed system
SDS-PEG is lower than the pure SDS as seen before”. Also
with increase in concentration and molecular weight of the
polymer of the mixed system decreases more the T1 and CMC.
Quantitatively CMC of CTAB and SDS with respect to polymer
concentration and molecular weight has been listed in the
Table-2 but to zoom in the effect of concentration and mole-
cular weight of PEGs over CMC of CTAB and SDS is shown
in Figs. 6 and 7.
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Fig. 5. Effect of 0.1 % PEG 4, 10 and 20 kg/mol over the CMC of SDS
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SDS

From the slope of the surface tension curve (linear line
immediate before CMC), surface excess concentration at the
surface of the solution can be measured by using Gibbs

farmalism®**.

Tax= - 1/RT [3Y/  InCly (1

Here I'n., is the surface excess concentration, C is the
surfactant concentration, R gas constant and T is absolute
temperature.

This parameter is helpful to understand the surface struc-
ture of the solution; values of this parameter for all the systems
(CTAB and SDS with and without PEG) have been calculated
using eqn. 1 are listed in the Table-2. I« values of CTAB and
SDS calculated by using equation are 2.10 and 1.94 molecules/
nm?, respectively are in close agreement with the literature®-,
The surface excess concentration of CTAB decreases to 1.76
molecule/nm* when 0.1 % PEG 4 kg/mol is added to CTAB
solution further more when the concentration is increased to 1
% and molar mass to 20 kg/mol, surface excess concentration
of CTAB decreased to 1.57 molecules/nm’. The effect of PEG
over the [, of CTAB is accordance to the literature®. This
decrease in the said properties of CTAB may be due to the
presence of the some segments of PEG at interface near CMC
or due to the hydrophobic interaction between the CTAB and
PEG in the bulk of the solution allowing lesser molecules of
CTAB to come at the interface in the presence of PEG rather
than in the absence of PEG (at T3 point all the polymer segment
have been completely removed from the interface by CTAB
molecules). The effect of PEG over the I',.x of SDS is also in
same direction as that of CTAB, decrease in I . of SDS with
PEG addition was reported earlier’® but greater compared to
CTAB. I',,., of SDS decrease to 1.55 molecules/nm* when
0.1 % of PEG 4 kg/mol added and when the concentration is
increased to 1% and molar mass to 20 kg/mol I’ of SDS
decrease farther to1.10 molecules/nm®. Here the decrease in
the 'y of SDS is greater compared to CTAB with the addition
of PEG and this is due to the strong ion diploe interaction at
solution interface (between the sulphate group of the SDS with
dipole formed on oxygen and carbon atoms of PEG due to the
different electronegativity of oxygen and carbon atoms)
compared to the weak hydrophobic interaction between CTAB
and PEG molecules (in the bulk not at interface of solution).
From the surface excess concentration, another important
parameter i.e., minimum area per molecule (A.,) can be
calculated by using equation®.
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Amin =1x IOIS/NAFmax (2)

where I'nax 1S the surface excess concentration and Ny is
avogadro number.

Using eqn. 2, A for all the systems i.e., CTAB and SDS
with and without PEG have been calculated and are listed in
Table-2. A, of CTAB and SDS are 0.48 and 0.51 nm? reported
in the literature**, Addition of 0.1 % 4 kg/mol of PEG to
CTAB increase the A, to 0.57 nm” and when the concentration
is increased from 0.1 to 1 % and molar mass of PEG is
increased from 4 to 20 kg/mol, A, of CTAB is further increase
to 0.63 nm”. Increase in A, of CTAB with addition of PEG
have been reported earlier”. This small change in area per
molecule of CTAB in the presence of PEG is due to the
presence of some polymer segments present at the interface
with surfactant molecules near CMC or the availability of lesser
surfactant molecules to adsorb at interface due to hydrophobic
interaction between CTAB and PEG in the bulk of solution.
The effect of PEG over the Anin of SDS is very high and it near
become double when concentration is increased from 0.1-1
% and molar mass of PEG is increased from 4-20 kg/mole.
Literature support the change in A, of SDS with the addition
of PEG®. Increase in A, of SDS with the addition of PEG
show that there are lesser number of surfactant molecules
adsorb at the air-water interface due the presence of PEG
segments at the interface with SDS molecules and it is due to
the strong interaction (ion-dipole) between SDS and PEG
molecules.

Thermodynamic parameters of micellization and
interfacial adsorption: Once the CMC of CTAB and SDS
without and with respect to PEG (different concentration and
molecular weight) have been calculated, thermodynamics
parameters i.e., free energy of micellization can be calculated
using the Gibbs equation.

AGmic = RT 1n)(cmc (3)

where R is gas constant, T is absolute temperature and Xcmc 1S
mole fraction of solution.

All the values AG.,. for CTAB, SDS alone, CTAB-PEG
and SDS-PEG have been obtained by using eqn. 3 are listed
in Table-2. AGy,. of CTAB is -27.04 kJ/mol and is accordance
to the literature®’, increasing to -26.78 kJ/mole with addition
of 0.1 % of 4 kg/mol PEG. When the polymer molar mass is
increased from 4 to 20 kg/mol and concentration is increased
to 1 % than the value of AG,y. is decreased to -25.97 kJ/mol. The
negative values of AG.,; show the spontaneity of micellization
of CTAB and with the addition of PEG to CTAB solution the
decrease in the negative values of AG, reveal the spontaneity
of micellization been suppressed. As with the increase in molar
mass and concentration of PEG change more the negative
values of AGy,, affecting more the spontaneity of micellization
of CTAB. It is due to hydrophobic interaction of CTAB with
PEG molecules in the bulk of the solution, complex aggregate
of CTAB and PEGs form cooperatively therefore less
molecules of surfactant are available to saturate the interface
in the presence of polymer rather than in the absence of polymer.
Similarly, when concentration increases or polymer molar mass
increase more surfactant molecules are needed to interact in
the bulk and less molecules come to the surface hence the

CMC and free energy of micellization increase. To visualize
the effect of PEGs over AG. of CTAB, Figs. 8 and 9 are
included. At CMC the interface is saturated by CTAB and some
PEG segments may be present with CTAB molecules but after
CMC surfactant molecules compete the polymer segments at
interface and at T3 point all PEG molecules or segments are
displaced from the value of AGui of SDS is -21.90 kJ/mol
which is according to the literature®. With the addition of 0.1 %
PEG 4 kg/mol the values of -AGy,;. increase to 22.14 kg/mol
and with increasing concentration to 1 % and molar mass of
PEG to 20 kg/mol than the value of -AG,;. of SDS increase to
22.74 kJ/mol which show that the spontaneity of SDS
micellization increases with the addition of PEG. This opposite
behaviour of SDS in the presence of PEG can be explained by
the strong ionic dipole type of interaction (anionic head of the
surfactant/SDS and the dipole produced by the difference in the
electronegativity between oxygen atom and carbon atom in
PEG chain) at the interface residing some of the PEG molecules
to the surface even near CMC? increasing the spontaneity of
micellization. Here it can be said that with the polymer concen-
tration increase, free energy of micellization decreases which
mean that surfactant molecules give favor to more polymer
molecules or loop of polymer to reside at the interface with
surfactant molecules through the ionic dipole type of inter-
action, reducing free energy of micellization of SDS.
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Free energy of adsorption at air water interface (AG.4s):
Free energy of adsorption is an important parameter to know
about the surfactant adsorption at air water interface of aqueous
solution of surfactant,can be calculated from equation®.
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AGads = AGmic - ncmc/rmax (4)

where AG,4is change in free energy of interfacial adsorption,
AG, change in free energy of micellization at CMC, T, 18
the surface pressure at CMC and I'. is the maximum surface
excess concentration. Tme values for the aqueous solution of
surfactants alone and their mixed aqueous solution with PEG
lying in the range of 30.5 to 34.5 mN/m which is according to
literature®®. Values of AG,y, calculated using eqn. 4 are -32.50,
-37.10,-55.12,-61.27 and -68.63 kJ/mol for SDS, CTAB at 4,
10 and 20 K, listed in Tables-2 and 1, respectively. Mixing
PEG with SDS and CTAB change the AG,q of surfactant. -AGaqs
of SDS increase with the addition of PEG and increase when
concentration or molar mass of PEG increase. -AG.q of CTAB
also increase with the addition of PEG but here the effect of
PEG over AG,q of CTAB is lesser compared to SDS which
show strong interaction between SDS and PEG at interface
compared to CTAB and PEG interaction as result adsorption
of CTAB is effected less in the presence of PEG as compared
to SDS.

Variation of fraction of counter ion binding (B):
Conductance measurement for the above systems also gives
valuable information about the CMC and fraction of counter
ion binding to the micelle formation. Fraction of counter ion
binding (B) is important parameter in micelle formation. Two
types of opposing forces are responsible for micellization of
ionic surfactant: (a) Favors micelle formation i.e., responsible
for the removal of hydrocarbon chain from water matrix (b)
Disfavors micelle formation i.e., arises due to the electrostatic
repulsion among the similar charged head groups. Measure-
ment of counter ions bound (B) to the micellar interface is
basically decreasing the opposing force of charged head groups
and increasing the favor of micelle formation**2. Counter ion
bound can be obtained from degree of micelle ionization (a)
i.e., p=(1-a), while degree of micelle ionization is obtained
from the ratio of the post micellar slope (S2) to the pre micellar
slope (S1) from the conductance vs. concentration curve of
the surfactant.

o =S2/S1 5)

Figs. 10 and 11 show conductance vs. concentration curve
of CTAB and SDS with and without (0.1 % of 4, 10 and 20
kg/mol), respectively. All the values of the counter ions bound
are listed in the Table-1 for all the systems of CTAB and SDS
with PEG (different concentration and molar mass). 3 values
obtained for aqueous solution of SDS and CTAB are 0.593
and 0.71, respectively are according to the earlier reported
literature values****. B value decreases with the addition of
PEG to the aqueous solution of SDS, also with increase in
concentration and molar mass of PEG decrease the B as
reported® which mean that micellization of SDS is enhanced
and actually with the addition of PEG, CMC of SDS decreases
as observed here and by other”. Therefore this decrease in 3
is due to the ion dipole interaction between SDS and PEG
molecules which shield the electrostatic repulsion between
head group of SDS. A consistent increase in the  value is
observed here for the mixed system of CTAB-PEG (with
increase in concentration and molar mass of PEG). Decrease
in B shows that CMC of CTAB will decrease with the addition
of PEG but actually increase in CMC is observed here and is

160 TAB+0.09%PEG
140} OCTAB + 0.1 % PEG 4K a
@ 100l O CTAB + 0.1 % PEG 10K a
= 0 ACTAB + 0.1 % PEG 20K a °
g 100} s ® °
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2 2860 o o
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Fig. 10. Conductance vs. concentration of CTAB with and without 0.1 %
PEG of 4, 10 and 20 kg/mol
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Fig. 11. Conductance vs. concentration of SDS with and without 0.1 % PEG
of 4, 10 and 20 kg/mol

accordance to the literature®. This anomalous behaviour (CMC
increases and B decreases) is because of hydrophobic inter-
action is dominant over the ion dipole interaction between the
ionic head of surfactant molecules to the dipole formed between
the oxygen atom and carbon atom with in the PEG chain due
electronegative difference between them which shield the
electrostatic repulsion of the head group of CTAB enhancing
micellization however the hydrophobic interaction between
CTAB and PEG do stay some of the CTAB molecules in the
bulk of the solution. Due to this reason decrease in p do not
affect the increase in CMC of CTAB.

Counter ion bound to the micelle surface against polymer
concentration for the two surfactants can be graphically repre-
sented in Figs. 12 and 13.

Conclusion

A systematic study on the effect of concentration and
molar mass of PEG over the interfacial adsorption, micelli-
zation and associated parameters of CTAB and SDS have been
evaluated in this report, which helped to find out the factors
responsible for the different behaviour of CTAB and SDS in
presence of PEG. Interfacial adsorption of CTAB in the
presence of PEG is reduced while that of SDS interfacial adsor-
ption has been enhanced in the presence of PEG. The effect in
above said property of CTAB and SDS is more pronounce when
the concentration or molar mass of PEG increases. Critical
micelle concentration of CTAB increases in the presence of
PEG because of the hydrophobic interaction between CTAB
and PEG in the bulk of the solution, need more molecules of
CTAB to saturate the interface to get CMC but the CMC of
SDS decrease in the presence of PEG. This is due to the ion
dipole interfacial interaction between the said components of
the solution. The change in the CMC of CTAB and SDS
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Fig. 12. Counter ion bounds of CTAB vs. polymer concentration (4, 10, 20
kg/mol)
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Fig. 13. Counter ion bounds of SDS vs. polymer concentration (4, 10, 20
kg/mol)

increase as the concentration and molar mass of PEG increases.
Thermodynamic parameters calculated for CTAB-PEG and
SDS-PEG systems, strengthen the above conclusions. Counter
ions bound of the two surfactants decrease in the presence of
PEG which favors the decrease in the CMC of SDS but need
explanation as CMC of CTAB increase with the addition of
PEG. Finally it was concluded that PEG interact hydropho-
bically with CTAB molecules in the bulk of solution and do
not interact at the interface, all the PEG segments been
displaced by CTAB molecules from the interface near in the
CMC region. While ion dipole type of interaction is present
between SDS and PEG segments at the interface with addi-
tional hydrophobic interaction in the bulk of solution.
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