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ABSTRACT

The interactions of triblock copolymers (TBP), E3iB1oE3p and E4gBqoEss with ionic
surfactants, sodium dodecyl sulphate (SDS) and cetyl trimethyl ammonium bromide
(CTAB) were investigated employing steady-state fluorescence spectroscopy (SSF). In
this study pyrene was used as probe while cetyl pyridinium chloride (CPC) as a quencher.
SSF was used for the calculation of first and third vibronic ratio (l4/13), aggregation
number, binding sites, binding constant and free energy of binding. In the presence of
TBP, the 14/I; was found more for SDS as compared to CTAB, predicting that the micro
polarity of the solvent decreases in case of CTAB. The aggregation number of
polymer/surfactant mixed systems was determined by SSF techniques. The suppression
of the TBP association in the presence of surfactant concentration was also ensured by
the same technique.
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1. INTRODUCTION

Block copolymers association in the presence of selective solvent is the subject of extensive
investigations in the recent decades. The block copolymers were introduced as commercial
product by the Dow Chemical Company in 1993 with first description of this copolymer in the
commercial [1] and scientific [2] literatures in 1994. The preparation and technological
properties of diblock and triblock E/B copolymers have been explained by the previous
investigators [3,4]. Lee et al. [5] compared the surface activity of E,B,E,, and E,,P,E, block
copolymers. Zana et al., studied the interaction between ethyl (hydroxyethyl) cellulose
(EHEC) and two cationic surfactants hexadecyl trimethylammonium chloride (CTAC) and
CTAB in aqueous solution as a function of temperature, by means of electric conductivity
and chloride ion self-diffusion measurement for CTAC and by time-resolved fluorescence
quenching for CTAC and CTAB. The results showed a decrease in CMC in the presence of
EHEC, increase in degree of micelle ionization and lowering of the micelle aggregation
number upon elevation of temperature [6]. E. Hecht and H. Hoffmann studied the interaction
of ABA block copolymers with ionic surfactants in aqueous solution. They investigated the
influence of SDS on the aggregation behavior of F127 by static and dynamic light scattering,
electric birefringence, and calorimetric methods. The results showed that SDS binds to
monomers of F127 and thereby suppresses completely the formation of F127 micelles [7].

It has been reported in literature that the solubilization power and the viscosity of an
aqueous solution of polymer bound micelles is higher than that of solutions of either pure
polymer or pure surfactants [8]. Such properties are very suitable for the formulation of
paints, coating, cosmetics products and many other applications. Similarly the
polyelectrolytic nature of the polymer-ionic surfactant complexes make the multi component
system more better to control the aggregation behavior as compared to individual pure
polymer or surfactant system and find use in a wide range of applications such as templates
of the development of nanoscale materials, drug delivery, pharmaceutical, petroleum and
detergent formulation [9]. The polymer-surfactant mixed system is also used in tertiary oil
recovery and in the separation of minerals.

Mostly diblock and triblock copolymers micellization were reported in aqueous solution. In
the present study we have investigated the effect of ionic surfactants, SDS and CTAB on the
micellization/association behavior of triblock copolymers, E3,B1oE3y and E4sB1oE4s. Here we
use E for an oxyethylene unit, OCH,CH, and B for an oxybutylene unit, OCH,CH (C,Hs).

In this work we report the association/aggregation properties of aqueous solution containing
both the ionic surfactants and triblock copolymers. The aim of the present study is to
investigate the effect of SDS/CTAB on the micellar properties of triblock copolymers.
Moreover, the effect of varying the copolymer to surfactant ratio on the behaviour and nature
of polymer-surfactant mixed micelles/aggregates is also reported in this work.

2. EXPERIMENTAL

2.1 Materials

The TBP were prepared in the University of Manchester UK by sequential anionic
polymerization in tetrahydrofuran of ethylene oxide, followed by 1, 2-butylene oxide, using as

initiator 2-dimethylaminoethanol, which was partially converted to its potassium alkoxide salt.
The average composition was determined from nuclear magnetic resonance (NMR) and gel
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permeation chromatography (GPC) was used for the molar mass distribution of the
copolymer [10]. SDS and CTAB with 99% were purchased from Sigma Aldrich and were
used without further purification. Stock solutions of polymer as well as of surfactants and
their dilutions were prepared in deionized and doubled distilled water. All measurements
were performed at 303K.

2.2 Methods

2.2.1 Steady-state fluorescence spectroscopy

SSF was performed using a Perkin Elmer Luminescence spectrometer Model LS 55 (Serial
Number 73135). The cell used for measuring fluorescence was 10 mm path length quartz
cell and was clear in all dimensions. Luminescence spectrometer was used in Fluor mode to
perform the fluorescence spectroscopy. The scan rate was kept at 600 nm minute™, Aeyc Was
340 nm and scan range was 350-600 nm. Excitation slit was fixed at 7 nm and emission slits
were fixed at 2.5 nm. Photomultiplier voltage was fixed at 65V. Polarizer was kept clear and
no cutoff was operating during scan. Different stock solution containing 0.1g/L and 2g/L of
both E3oB1oE30 and E4sB1oE4s were prepared. The fluorescent-probe used was pyrene at very
low concentration (1x10'6 M). The pyrene solution of 1x10° M was prepared by dissolving
0.02g of pyrene in 100ml of ethanol. This solution was further diluted up to 1x10° M by
dissolving 0.2ml of 1x10™° M pyrene in 200 ml of polymer stock solution. These polymers
stock solutions were then used for the preparation of 25 mm SDS and 15 mm CTAB. CPC
was used as a quencher. Different quencher concentrations varying from 3x10* M to 2.8x10°
*M were prepared using 25 mm SDS and 15 mm CTAB by dilution method.

3. RESULTS AND DISCUSSION
3.1 Steady-state fluorescence spectroscopy

3.1.1 Microenvironment

Pyrene is a spectroscopic probe that exhibits fluorescence emission spectrum consisting of
five peaks. The l4/I; ratio of these vibronic fine structures indicates the polarity of the pyrene
micro environment, detection of micelle as well as polymer-surfactant interactions [11,12].
The value of I4/l3 is 1.9 in polar solvent and 0.6 in hydrocarbon. The bands | and lll

correspond to S," " — §,"°(0,0)and S,"° — 5,7 (0, 1) transitions. The I/l ratio for

both SDS and CTAB were determined as 1.04 and 1.20 which are in close agreement with
literature reported values [13,14]. The decrease in the values of vibronic ratio (l4/l3) of
SDS+TBP as compared to CTAB+TBP (Table 1) provides evidence of strong interaction of
SDS with TBP [15]. The stronger effect of SDS on the TBP association as compared to
CTAB/TBP can be related to our previous work of electrical conductivity [16] in which the
degree of ionization of SDS was found to increase in the presence of TBP. The high degree
of ionization of SDS may cause rupturing of polymeric micelles due to surfactant head
group-head group repulsion. The smaller 14/I; value in case of CTAB +TBP as compared to
pure CTAB, suggests the presence of low micro polarity or higher hydrophobic environment.
On the other hand l4/I; values for SDS + TBP are greater than SDS+ H,O suggesting higher
micro polarity or higher hydrophilic environment [17]. In case of either SDS or CTAB, the
pyrene resides in the hydrophobic environment of complexes as compared to water. The
increase in polarity at ¢ > CMC shows that surfactant/TBP complexes are not as compact as
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pure surfactant micelles due to the presence of TBP. On the basis of results obtain from the
study of 14/l the effect of quencher CPC concentration on the fluorescence intensity of the
pyrene was also studied. The effect of varying concentration of quencher on the
fluorescence intensity of SDS/TBP is shown in Figs. 1-3. These plots show that with the
increase in quencher concentration, the emission intensities of pyrene get lowered. Similar
plots were obtained for polymer-surfactant mixed systems of CTAB/TBP (Data not shown).

Table 1. Parameters obtained from Fluorescence study for polymers, surfactants and
polymer/surfactants mixed systems at 303K.

Sample cMmC L3 Nagg n —AGb kJ mol”
SDS-water 80mM  1.04 62%° 1.06 23.06
E30B1oE30-water 0.80 g dm” - - - -
E4sB1oE4g-water 0.94 gdm™ - - - -

SDS-0.1 g dm™ E3oB1oE30

SDS-2.0g dm':d Es0B10Es0 - 1.07 55 0.82 17.17
SDS-0.1¢g dm',d E4sB10E4s - 1.07 54 0.19 -

SDS-2.0 g dm™E4sB1oE4s - 1.06 44 0.82 16.51
CTAB-water 0.90 mM 120 87°%° 1.30 30.46
CTAB-0.1 g dm E3oB1oE30 - 1.17 64 1.06 23.70
CTAB-2.0 g dm™ E3B1oEso - 1.16 - 0.92 -

CTAB-0.1 g dm™ E4gB1oEss - 1.20 68 1.08 24.41
CTAB-2.0 g dm™ E4gB1oEss - 1.15 62 1.10 24.53

a2 9 values from Refs [21-24] and © from Ref [16]

800 ' ; ' ; '

0.0 mol dm™

600 + 2.88x10° mol dm™ 7

6.52x10"° mol dm™
400 1.36x10™ mol dm™ -

2.14x10* mol dm™ |
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ANNS

3.0x10* mol dm™®
200

350 I 4(|)0 I 4é0 I 500
Wavelength (nm)
Fig. 1. Typical plots of spectral change of pyrene emission spectrum in the presence

of various concentrations of Quencher and fixed amount of (2.5><10'2 mole dm's) SDS
at 303K
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Fig. 2. Typical plots of spectral change of pyrene emission spectrum in the presence
of various concentrations of quencher and fixed amount of 2.5x102 mole dm™ SDS
and 2.0 g E30B10E30 at 303K
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Fig. 3. Typical plots of spectral change of pyrene emission spectrum in the presence

of various concentrations of quencher and fixed amount of 2.5x102 mole dm™ SDS
and 2.0 g E48B10E48 at 303K.

3.1.2 Aggregation number

The aggregation numbers of surfactant micelles, both in binary and ternary systems was
measured by static fluorescence quenching through the general method proposed by Turro
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and Yekta in 1978 [18]. On the assumptions based on Tachiya [19] model, the aggregation
number is determined using the following equation.

1, [OIN,,

N = 3)
I ([S]—cmc)

Where [, and | are the emitted light intensities with zero quencher concentration and at
concentration [Q], respectively N4 is the mean polymer-surfactant aggregation number and
C; is the total concentration of polymer and surfactant. From the slope of the plot of In 1./l vs.
[Q] as shown in Fig. 4, the mean aggregation numbers for binary and ternary systems were
determined [17]. The aggregation number calculated for SDS + H,O was 62 that agree well
with the literature reported values of 57 and 62 [20,21]. Similarly, aggregation number
calculated for CTAB + H,O was 87 which is also in close agreement with literature reported
values 80 and 95 [22,23]. The aggregation number for ternary system was determined in the
same manner and its values are given in Table 1. According to an expectation that for highly
polar polymers the aggregation numbers would be rather close to those in the absence of
polymer, while for a non-polar polymer, the aggregation number is lower [24]. In both case of
SDS and CTAB, the aggregation numbers decreased showing interaction of surfactant with
TBP as shown in Fig. 5. In this study the effect of block copolymer architecture was also
observed. It was generally believed that the aggregation numbers is influenced by the length
of hydrophilic block. In our case the decrease in the aggregation number in case of E4sB19E4s
is more than E3oB4oE3p because in the former case the hydrophilic block length is greater.
This can also be explained on the basis of polymer hydrophobic/hydrophilic ratio. The
aggregation number decreases with decrease in the hydrophobic/hydrophilic ratio [25].

1.2 . , . , . , . ,

0.8

Inl/

Y =3666.4X

0.4+ )
R*=0.97
0.0 . , . , . , .
0.0000 0.0001 0.0002 0.0003 0.0004
[Q] mol dm™

Fig. 4. Plot of [Q] mol dm™ vs. In lo/I for pure 2.5x10 mol dm™ SDS aqueous solution
at 303K
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Fig. 5. In lo/l as function of CPC concentration for CTAB and SDS solutions without
and with TBP (Cpyrene =1x10°mol dm™, CSDS = 2.5x10? mol dm-3, CCTAB = 1.5x10
mol dm-3)

3.1.3 Binding sites (n)

The binding sites were calculated using the following equation.

1

1og(10[_ )= 10gkb+1102[0] oo )

The values of n were calculated from the slope of the plot of log (I,-1)/I vs. [Q] as shown in
Fig. 6. The values of n were approximately equal to unity which indicates that the association
of surfactant monomer with TBP micelles is in 1:1 ratio [26]. The positive values of n given in
Table 1 signifies that the interaction of surfactant with the corresponding TBP is by
desorption process [8].
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Fig. 6. Plot of log [Q] mol dm?vs. log (lo/1-1) for 2.5x102 mol dm-3pure SDS at 303K

3.1.4 Free energy of binding (AG)

The free energy of binding was calculated using the following equation.
AG, =—-RTInK, (5)

The negative values of AG, given in Table 1 for all systems indicate spontaneity of the
processes. The more negative free energy of binding in case of CTAB and CTAB/TBP as
compare to SDS and SDS/TBP predict that micellization of CTAB in the presence of TBP is
more favorable as compare to SDS.

4. CONCLUSION

In this study the effect of ionic surfactants SDS and CTAB on the micellization of TBP was
investigated. The TBP micelle suppression was noted in the presence of both SDS and
CTAB but this effect was found more pronounced in case of SDS. The suppression of TBP
micelles occurred by the repulsion of surfactant head groups in the palisade region of TBP
micelles. This suppression of polymeric micelles was also confirmed from electrical
conductivity result of increase in the degree of ionization of surfactant in the presence of
TBP as compared to pure surfactant. The results obtained from micropolarity and
aggregation number offer other evidences of such suppression of polymeric micelles. The
more favorable micellization of CTAB in the presence of TBP as compared to SDS was
confirmed from micropolarity, aggregation number and greater negative value of free energy
of binding.
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