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Abstract

Zwitterionic surfactants based on (3-(1-alkyl-3-imidazolio) propane-sulfonate [(ImS3-R)
where R is octyl or dodecyl] are an emerging and important class of amphiphiles due to their
useful applications in fields such as Nano reactors for the synthesis of metallic nanoparticles
and acceleration acid hydrolysis. The physicochemical properties of such newly synthesized
imidazolium ring containing zwitterionic surfactants have been characterized by surface
tension and small-angle neutron scattering (SANS) techniques. Surface tension measurements
were used to calculate several surface active, micellar and thermodynamic parameters over a
range of concentrations and temperatures (298-313K). The results obtained showed a weak
signature representing the critical micelle concentration (CMC) for ImS3-8, however, by
increasing the alkyl length of the hydrophobic group to dodecyl i.e., ImS3-8 to ImS3-12, the
signature of the CMC was much more evident. As expected, the critical micelle concentration
(CMC) for ImS3-12 shifted to a lower concentration. An increase in temperature increased the
surface activity and decreased the CMC of both zwitterionic surfactants, although the change
was small. As compared to classical surfactants i.e., sodium dodecyl sulphate (SDS) and
dodecyl trimethylammonium bromide (DTAB), the CMC of ImS3-12 is much lower. Small-
angle neutron scattering modelling demonstrated that the morphology of the micelles formed
by these amphiphiles may be described by the “classical” model, a central hydrophobic core,
with a shell of hydrated headgroups. Due to the widespread applications in colloidal and
interfacial science, it is essential to characterise the interfacial properties and micellar
morphology of imidazolium based surface active ionic liquids (SAILs) (ImS3-R). The present

study adds new insight to the fundamental understanding of these interesting molecules.
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Introduction

Surfactants are a well-known class of materials due to their beneficial amphipathic molecular
structure, consisting of both a structural group known as the lyophobic group and a lyophilic
group, which impart some interesting and useful interfacial and bulk properties (Moulik, SP,
1996). Properties of surfactants are structure dependent, and hence changing the molecular
structure of the surfactants changes their properties and many hundreds of surfactants have
been designed and evaluated (Kjellin et al., 2003; Stjerndahl et al., 2007; Zhu et al., 1990).
Surfactants are often classified as neutral, ionic or zwitterionic based on the presence and
character of any charged group. Zwitterionic surfactants have no net charge, but their micelles
still have binding affinity for anions, and if suitable conditions are provided, they can also
interact with cations (Tondo et al., 2010; Priebe et al., 2008; Iso and Okada, 2000; Marte et al.,
2007; Tondo et al., 2007). Early investigations made on the molecular structure of ionic liquid
disclosed inherent amphiphilicity viz. 1-methyl-3-alkylimidazlium salts with smaller
counterions showed surfactant behavior comparable to cationic surfactant of short-chain. The
amphiphilic nature of ionic liquids (ILs) was also confirmed from the study of N-methyl-N-
alkyl pyrrolidines (Bowers et al., 2004; Baker et al., 2004). Recently, surface active ionic
liquids (SAILs) have emerged as a new class of surfactants (Bowers et al., 2004; Inoue et al.,
2007; Singh and A Kumar 2007; Shi et al., 2011; Wang et al., 2007; Kamboj et al., 2014a;
Anouti et al., 2009; Kamboj et al., 2014b; Trivedi et al., 2011; Srinivasa et al., 2011; Brown et
al., 2011; Seth et al., 2008; Chabba et al., 2016). It is obvious that low concentration aqueous
solutions of SAILs lose many of the properties of ionic liquids (ILs). However, surface activity
and structure of the self-assembly of SAILs can be controlled by appropriate choice of cation
or anion which make them effective candidates to investigate and compared it to conventional
ionic surfactants. Further the adjustable nature of SAILs in modulating hydrophilicity,
hydrophobicity, size as well as polarizability of head-group proved them advanced of

conventional ionic surfactants (Kamboj et al., 2014a).

Different classes of SAILs have been developed and their self-assembling behavior has
been investigated. Effect of molecular structure viz. changing the head-group (Blesic et al.,
2008; Wang et al., 2008; Tariq et al., 2011; Cornellas et al., 2011), changing the hydrophobicity
(Liu et al., 2011; Shi L et al., 2011; Dong et al., 2010) and the effect of counter-ion (Wang et
al., 2008), have been investigated and is found that the self-assembling properties of SAILs in
aqueous media shows dependence on all these structural parameters (Singh and Kumar, 2007).

Among the different classes of SAILs, cationic SAILs have shown better surface-activity
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compared to the conventional surfactants having similar alkyl chain length. Substituents have
specific effect on the aggregation properties and surface activity i.e., aggregation properties of
imidazolium based cationic SAILs have been enhanced by hydroxyl substituent while better
surface activity has been shown by larger hydrophobic substituent (Liu et al., 2011; Shi et al.,
2011).

Amongst the different classes, zwitterionic surfactants are less investigated, although
they are skin friendly, generally mild and ideal for in personal care products (Souza et al.,
2015). Ionic liquid based, zwitterionic surfactant (3-(1-alkyl-imidazolio) propanesulfonate
(ImS3-R) is synthesized which is different from sulfobetaines as the former contain
imidazolium group instead of ammonium ion of the later (Tondo et al., 2010). Imidazolium
based zwitterionic surfactants (ImS3-R) represent a versatile class of compounds, which form
normal and reverse micelles without use of a co-surfactant, allows preparation of nanoparticles
of palladium and gold in chloroform with small quantity of water, greener alternative to
conventional surfactants in many applications etc., (Souza et al., 2015). It is therefore important
to investigate the surface active, micellar and physicochemical properties of the emerging class

of zwitterionic surfactants (3-(1-alkyl-imidazolio) propanesulfonate (ImS3-R).
Experimental

Synthesis and Spectral Summary of Surfactants

A simple and one-pot approach was employed for the syhthesis of the newly developed
zwitterionic surfactants (3-(1-alkyl-3-imidazolio) propane-sulfonate [(ImS3-R) where R is
octyl or dodecyl]. In a typical experiment to a solution of propanesulfonate (3.0 mmol) in
acetone (4 mL), the corresponding alkyl imidazole (2.0 mmol) was added and the reaction
solution was stirred overnight. As the product formed, it separated from the acetone solution
either as a solid (Ci2 chains) or viscous liquid (Cg chains). The product was isolated by
separation from the supernatant acetone and was purified by further washings with acetone (2
x10 mL). The typical structure of the zwitterionic alkyl-imidazolyl propane sulfonate is shown

in Fig. 1.
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Fig. 1: Structure of zwitterionic alkyl-imidazolyl propane sulfonate where alkyl is octyl or

dodecyl.
ImS3-8

Yield: 91%; "H NMR (400 MHz, CDCls): & 0.87 (t,J =8,

CoHirp BN Ngag M), 1:24- 138 (br, 10H), 1.86 (m, J =8, 2H), 2.38 (m, J

\—/ = 4,8, 2H), 2.84 (t, J=4, 8, 2H), 4.27 (t, 3] = 4, 8, 2H),

4.55 (1,37 = 8, 2H), 7.32 (s, 1H), 7.69 (s, 1H), 9.52 (s, 1H).

13C NMR (400 MHz, CDCls): & 14.09 (CHs), 22.60 (CHa), 26.30 (CH,), 26.57 (CHa), 28.99

(CHa), 29.05 (CH,), 30.22 (CH,), 31.71 (CH), 47.49 (CHo), 48.46 (CHo), 50.02 (CHa), 121.71

(CH), 122.99 (CH), 137.09 (NCHN). HRMS (ESI+) m/z: Found 303.1736 [(M+H")",
(C14H27N2038"), 100%)], expected 303.1737.

ImS3-12

Yield: 89%; 'H NMR (400 MHz, CDCl3): & 0.89 (t, J =8,

CraHas~ BNy g 3H), 1.24 — 1.38 (br, 18H), 1.89 (m, J = 8, 2H), 2.42 (m, J

\—/ =4,8,2H), 2.87 (t,J=4, 8,2H), 4.27 (t, ] = 4, 8, 2H), 4.60

(t, ] =8, 2H), 7.22 (s, 1H), 7.57 (s, 1H), 9.72 (s, 1H). 13C

NMR (400 MHz, CDCls): § 14.15 (CH3), 22.70 (CHz), 26.31 (CHz), 26.64 (CHz), 29.03 (CH,),

29.35 (CHz), 29.39 (CHa), 29.53 (CH»), 29.61 (2C, CHa), 30.26 (CH»), 31.92 (CH>),

47.35(CH>), 48.62 (CHy), 50.14 (CH,), 121.35 (CH), 122.64 (CH), 137.72 (NCHN). HRMS
(ESI+) m/z: Found 359.2376 [(M+H)", (C1sH3sN205S"), 100%], expected 359.2363.

Sample Preparation for Surface Activity and Micellar Studies

Aqueous stock solutions of all surfactants, 3-(1-alkyl-3-imidazolio) propanesulfonate [ImS3-
R where, R is octyl or dodecyl (ImS3-8, ImS3-12)], were prepared by dissolving the required
amount of the sample in the desired volume of de-ionized water. For the effect of salt, a 25mM
of NaCl salt solution was also used. The concentration of stock solutions of both the surfactants
was kept higher than the corresponding/expected values of their CMCs. All other solutions of

lower concentrations were prepared by serial dilution of the stock solutions.

Surface Tension



Determination of the surface tension of aqueous solutions of ImS3-R was carried out using a
maximum bubble pressure tensiometer (SITA online t60) with bubble lifetime 10s. Results
presented here are an average of twenty discrete measurements per sample. The tensiometer
was calibrated using the in-built software on ultrapure water and checked for linearity with
water and ethanol mixtures. Temperature stability of = 0.5 °C was maintained through the use
of a re-circulating water bath using the jacketed sample cell. All solutions were equilibrated

for at least 30mins before measurement.
Small-Angle Neutron Scattering

Small-angle neutron scattering (SANS) experiments were performed on the fixed-geometry,
time-of flight LOQ diffractometer at the ISIS Spallation Neutron Source, Rutherford Appleton
Laboratory, Didcot, UK. This instrument spans a Q range (Q = (4z/ A)sin(6/2)) 0.008 <Q <

0.25 A"! by using neutron wavelengths (1) spanning 2.2 to 10 A with a fixed sample-detector
of 4.1m.Samples were contained in 2mm path length, UV-spectrophotometer grade, quartz
cuvettes (Hellma, GmBh), mounted in aluminium holders on top of an enclosed, computer-
controlled sample chamber. Sample volumes were kept around 0.6 cm?. Temperature control
was achieved by using a thermo-stated re-circulating bath pumping fluid through the base of
the sample chamber, achieving a temperature stability of + 0.2°C. Experimental measuring
times were approximately 40 minutes per sample. All the scattering data were (a) normalized
for the sample transmission, (b) background corrected using a quartz cell filled with D>0O, and
(c) corrected for the linearity and efficiency of the detector response by using the instrument

specific software package.

Results and Discussion

The newly synthesized zwitterionic surfactants e.g., 3-(1-alkyl-imidazolio) propanesulfonate
(ImS3-R) are proposed to have different physicochemical properties and micellization behavior
compared to the classical surfactants and simple sulfobetaines due to the presence of the rigid
unsymmetrical imidzolium ring attached with propylsulfonate in its structure. The difference
of ImS3-R with sulfobetaines is that the former contains the imidazolium ion rather than an
ammonium ion in its structure while alkyl sulfonate group make it different from simple alkyl

imidazolium SAIL. To evaluate the physicochemical properties and micellar behavior of these



newly synthesized surfactants, surface tensiometry was extensively sued. The measured values
of several interfacial parameters, the critical micelle concentration (CMC) and a number of

thermodynamic derivatives are compared with others common surfactants.
Surface tension derived interfacial properties

Interfacial parameters viz. pCzo, Ilcmc, I'max, Amin, AGads are calculated from equations 1, 2, 3,
4 and 5 respectively (Souza et al., 2015; Dong et al., 2008), while CMC/Cy is calculated from
the values of CMC and C»o obtained from Fig. 2, are listed in Table 1.

pC2=-1log Cz @
Il cyc = yo - yemc )
Twax=-1/RT [0/ 8 InC]r 3)
Aumin = 1x10"/N T max )
AGaas= (A Gmic - Hemc)/T max 3)

where Cyo is the concentration of the surfactant required to reduce the surface tension of the
solvent by 20mNm™, surface pressure (ITcmc), Yo is the surface tension of the pure solvent and
yeme is the surface tension of the solution at the corresponding value of CMC, I'max is the
maximum surface access concentration, T is the absolute temperature, R is gas constant,
0y/oInC is the slope of the linear line of surface tension curve just before CMC, Amin is the
minimum area per molecule, AGads is the change in free energy of the interfacial adsorption and

AGmic is the change in free energy of micellization at CMC in the above equations.

The calculated data clearly indicates higher surface activity of ImS3-12 compared to
ImS3-8, and the reason for this is the greater hydrophobicity of the former amphiphile. The
values of interfacial parameters viz. ['max and Amin of ImS3-12 are lower while I1cme and Yemc
are approximately matching compare to conventional surfactants of the same alkyl chain length
i.e., sodium dodecyl sulphate (SDS) and dodecyl trimethylammonium bromide (DTAB)
(Ananda et al., 1991; Penfold et al., 2009). Similarly, the surface activity of ImS3-12 is also
greater than the newly synthesized N,N,N-tributyldodecane ammonium bromide (R12N4) and
I-dodecyl-1-methyl-imidazolium bromide (R12Im) (EI-Dossoki et al., 2020).



OImS3-8

OImS3-12

ImS3-R conc (mM)

Fig. 2: Surface tension vs In(concentration) of ImS3-8 and ImS3-12 at 298K.

Table 1 Effect of temperature over the interfacial, bulk and thermodynamic properties of the

alkyl-imidazolium propylsulfonate surfactants

Surfactant | Temp'! CMC? Ycom® Tov®  pCa? CMCl/20*  Tia®  Amin®  AGmic’  AHmic© TASmic’  AGads’

= 298 11.0 56.5 16.1 - - 0.68 1.46 -41.5 -9.75 31.8 -55.6
I& 303 10.7 55.6 15.8 0.67 148 -424 - 32.6 -56.5
°° 308 10.5 55.0 15.7 0.65 1.51 432 - 334 -57.4

313 10.0 54.5 15.5 0.64 1.54 -442 - 344 -58.6
= 298 2.22 38.1 344 0.98 1.01 -49.3 -5.90 434 -70.4
$ 303 2.12 372 343 1.00 099 -504  -—--- 44.5 -71.0
= 308 2.09 36.2 345 1.01 098 -513 - 454 -71.7



313 2.09 356 344 343 5.66 1.01 098 -522 - 46.3

-72.5

Units.' K, >mM, 3mNm, *no unit, molecules/nm?, *nm?, "kJmol!

Effect of temperature on the interfacial properties

The bulk of the available literature on the effect of temperature on interfacial properties of
surfactants shows that an increase in temperature results in two competing phenomenon i.e.,
reducing water of hydration of the head-group which result in decrease surface activity or
breaks the structured water molecules surrounding the hydrophobic part of the surfactant
thereby decreasing bulk concentration and increasing the interfacial adsorption respectively
(Ananda et al., 1991; Penfold et al., 2009).

The effect of temperature on the interfacial parameters of ImS3-8 and ImS3-12, deduce
from Figs. 3 and 4 and data are listed in Table 1. This data shows that an increase in temperature
leads to a small increase in pCao, Amin and a minor decrease in I'max and ycmc for both

surfactants.

75

0298

70 -

65

y/mNm-™

55

50 T T T T T T
-3 -2 -1 0 1 2 3 4
ImS3-8, (mM),,

Fig. 3: Surface tension vs In (concentration) of ImS3-8,4 at different temperatures.



30 T T T T T T T T
6 5 -4 3 2 -1 0 1 2 3
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Fig. 4: Surface tension vs In(concentration) of ImS3-12,4 at different temperatures.

Thermodynamic of Interfacial Adsorption and Effect of Temperature

Changes in the Gibbs free energy of adsorption (AGads) were used to evaluate the tendency of
adsorption of surfactants at different interfaces, as it is the fundamental characteristic of
surfactants. The value of AGags is determined by Eq. 5, listed in Table 1. The lower negative
value of AGags of ImS3-8 shows reduced surface activity compared to ImS3-12. The values of
AGags of ImS3-12 are more than two-fold smaller of the conventional surfactants such as SDS
and DTAB (Ananda et al., 1991). The negative values of AGags of both selected SAILs increase
as the temperature increases from 298 to 313K this is showing enhancing spontaneity of the

process.

Critical Micelle Concentration (CMC)

The concentration after which no obvious change in the surface tension occurs is assigned to
be the critical micellization concentration (CMC) of the surfactants (Penfold et al., 2009). The
CMC was determined from the interception of the decaying surface tension behavior at low
concentrations and the limiting behavior at higher concentrations e.g. Fig. 2, with the CMCs
therein obtained listed in Table 1. The values of CMC of ImS3-8 and ImS3-12 at room
temperature are 11.2 and 2.2mM respectively, confirming the established fact of greater
hydrophobicity, lesser CMC and vice versa. CMC of ImS3-12 is lower compared to
conventional surfactants of the same alkyl chain length i.e., (SDS) and (DTAB) (Ananda, K et
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al., 1991), which can be explained by the greater hydrophobicity of the former in hydrophilic
part due imidazolium propylsulfonate structure.

Temperature dependence of the Critical Micelle Concentration

The available literature on the effect of temperature on the CMC of aqueous solutions of
surfactant does not always follow a linear dependence; often an increase in temperature
decreases CMC of the surfactant to a minimum value and then subsequently increases.
However, this broad trend is often surfactant specific. Interestingly, the effect of temperature
in the range 6-60 °C over CMC of aqueous solution of zwitterionic alkyl betaine has found a
steady decrease in CMC (Marte et al., 2007).

The effect of temperature on the CMC over the range of 298 to 313K for ImS3-8 and
ImS3-12, is shown in Figs. 3, 4 and 5. Table 1 shows the variation of CMC with an increase in
temperature. Clearly, both surfactants show a decrease in the CMC with an increase in
temperature. The effect of an increase in temperature from 298 to 313K over CMC of ImS3-
12 compared to SDS follows the same decreasing trend in CMC while DTAB follow an
opposite behavior compared to the former. These results suggest that increase in temperature
decreases the hydrated radius of the hydrophilic groups of ImS3-R and SDS, while water of
hydration of the hydrophobic part is reduced in case of DTAB (Ananda, K et al., 1991).

13
11 | (62 T (13 LR [9))
....................... m
9 .
. O ImS3-8
€
£ weef3--- IMS3-12
S 5 1 -
()
3 ,
@eeeeerrreeeesrrrneenanns 1775 17U ]
1 .
1 ! ‘ |
295 300 305 310 315
Temperature (K)

Fig. 5: Variation in CMC of ImS3-8 and ImS3-12 as a function of solution temperature.

Thermodynamic Parameters of Micellization
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Thermodynamic parameters of micellization are important to understand the process of
micellization which in turn helps to understand the structural factor’s effect of the surfactant
and environmental conditions over it. Change in free energy (AGmic), enthalpy (AHmic) and
entropy (ASmic) of micellization are the different thermodynamic parameters which have been
determined for ImS3-R by using equations 6, 7 and 8, respectively (Abbas and Mohammad
2016; Tondo et al., 2007) and the calculated values are listed in Table 1.

AGmic= RT InXcme (6)
AHmic= -2RT? (dlllXcmc/ dT) (7)
ASmic = (AH mic = AGmic)/ T (8)

Where, AGnic 1s the Gibbs free energy change of micellization, R is gas constant, T is absolute
temperature and Xcme 1s the CMC in terms of mole fraction of the surfactant, AHmic is enthalpy
change of micellization, ASmic is entropy change of micellization in the above equations.

The listed data show negative values of AGmic, AHmic and very small positive values of
ASmic of both ImS3-8 and ImS3-12, indicating that the process of micellization is enthalpically
driven. It can be assumed that there is a low level of disruption of the water structure
surrounding the hydrophobic group during the course of micellization making ASmic > 0,
however, the overall process is spontaneous at room temperature. ImS3-12 has higher negative
value of AGnic than ImS3-8 indicating the greater spontaneity of micellization of the former.
On inspection the thermodynamics data of ImS3-12 and the data in literature of sodium dodecyl
benzene sulfonate (SDBS), DTAB, we found that negative AGmic value of ImS3-12 is greater
while negative value of AHmic and value of ASmic of ImS3-12 is lower compared to SDBS,

DTAB (Ananda, K et al., 1991).

Effect of Temperature over Thermodynamic Parameters of Micellization

Effect of temperature on the thermodynamic parameters of the micellization has been studied
and the results so obtained are presented in Fig. 6 and 7 and are also summarized in Table 1.
The data show that the values of AGmic are negative, ASmic are positive and with a constant
negative value of AHmic of both ImS3-R throughout the temperature range (298-313K).
Increase in temperature minutely increase ASmic which is compensated by increase in negative
values of AGnic indicating that overall, the process of micellization has been favored by

temperature. ImS3-R, when compare to classical surfactants such as SDBS and DTAB, the
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trend of increase in thermodynamic parameters of micellization with increase in temperature
are the same though, negative values of AGmic of the former is greater while negative values of
AHnic and ASnic of the later is greater at investigated temperature. This comparison suggests
the process of micellization is enthalpically driven in both classes of surfactants, however,
higher values of ASmic of SDBS and DTAB compare to ImS3-12 indicate greater disruption
occur due water structure surrounding the hydrophobic chain with transferring of the

hydrophobic group to the interior of the micelle of the former (Ananda, K et al., 1991).
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Fig. 6: Thermodynamic parameters of ImS3-8 micellization as a function of

temperature.

13



60

20 Froeerermsesernrnsnnnananes Foernneererernereennnanans Provorrreseenneenannnnnonns >
b O AGm
o
E
% 20 | OAHm
9 o TAS
=
E 0 -
E Beecevecsseenrasnnennnnnns Beceeencniienniniiiininn. Bececercnsicnniiiniininnns =]
5
= -20 A
N
-
wv
E 40 -

[ ST TN o STTT T Deveerrerernneeennaennnnns Fo)
-60 T T T
295 300 305 310 315
Temperature (K)

Fig. 7: Thermodynamic parameters of micellization as a function of temperature of ImS3-12

solution.

Characterization the morphology of the micelle of ImS3-R surfactants by SANS
Data analysis

The model adopted to analyse the SANS data describes the micelle structure as that of a charged
particle, defined by the structure factor S(Q), with an elliptical core-shell morphology, defined
by the shape related form factor P(Q). Models describing morphologies based on solid spheres
or solid ellipsoids did not give satisfactory fits.

Therefore, a core-shell morphology has been adopted in which the intensity of scattered

radiation, 1(Q), as a function of the wave-vector, Q, is given by (Griffiths, PC et al., 2005).

1(Q) = nm [S(Q){F(Q)}* + {|{F(Q)I* } - {F(Q)}*] + Binc ®

Where n,, is the number of micelles per unit volume, S(Q) is the structure factor and B, is the
incoherent background. For an elliptical micelle, both F(Q) and F(Q)* require numerical
integration over an angle y between Q and the axis of the ellipsoid to account for the random

distribution of orientations of the ellipse. For clarity, we omit this.
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F(Q) =Vi (p1 - pz)Fo (QRI) + V2 (pz - psolvent) F, (QRZ) (10)
The first term in Eq. (10) represents the scattering from the core with radius R (subscript 1)

and the second, the polar shell (subscript 2). V.= %zRﬁ and F,(OR)) =% (ji 1s the first-

order spherical Bessel function of the first kind). The S(Q) represents the spatial arrangement
of the micelles in solution and “n” the micelle number density. p is the neutron scattering length
density of the micellar core (subscript 1), the polar shell (subscript 2) and the solvent (subscript
0). It is expedient here to limit the number of adjustable parameters within the core-shell fit
and this is most conveniently undertaken by first delineating the head-group and tail regions,
most simply by setting the alkyl group as the tail. The volume of the head-group and tail were
calculated according to a molecular volume fragment summation approach and this ratio
constrained in the fitting routine to define the micelle curvature (Zhao et al., 2003). For the
dodecyl surfactant, this ratio is 0.77 whereas for the octyl 1.13. With this delineation, the
scattering length densities (p) for the alkyl region and of the anhydrous surfactant head-groups
may then be calculated, p = -0.38 (octyl), -0.27 (dodecyl) and 1.33 A2, The scattering length
density for the D>O solvent was fixed at 6.33. The best fit for the amount of water associated
with the head-group region was found through trial-and-error to be approximately 50%. Hence,
the initial guess for the fit is constrained by the volumes of the molecular fragments and their

molecular composition.

It is somewhat harder to constrain the parameters defining the structure factor, S(Q), as
the ionic nature of these surfactants is not known. The electrostatic component is treated in
terms of the Hayter-Penfold model, which requires knowledge (estimate) of the (effective) hard
sphere radius, volume fraction of the scattering centres (which may be calculated from the mass
concentration), the effective charge on the micelle and the screening length. Clearly, the last
two parameters are coupled via the distribution of the various ions. Practically, an estimate
(25%) of the counter ion dissociation is used to calculate the screening length, and the charge
per micelle allowed to float. Once a fit is achieved, the screening length was systematically
varied and the charge refitted. The “best” fit was taken as whichever combination of the values
of charge and screening length led to the lowest residuals. Post-fitting, the absolute scattering
intensity is compared with the known concentration of surfactant and its calculated

composition, to validate the fit. The calculated and observed intensities should lie within ~20%.

Micelle morphology of ImS3-8 and ImS3-12

15



The morphology of the micelle of ImS3-R deduced from calculated intensities using ellipsoid
core-shell model compared with the observed intensities shown in Fig. 8, are listed in Table 2.
ImS3-8 with 50mM NacCl form almost spherical micelle with ellipticity x = 1 &+ 0.5 and shell
thickness is from 4-5 + 0.5 A while radius of the core is 11 + 0.5 which shows no appreciable
involvement of the carbon alkyl chain in the shell. The data show that ImS3-12 forms oblate
micelles with ellipticity x= 0.8 = 0.1. The radius of core of ImS3-12 is 16 + 0.5 which indicates

minimal involvement of the carbon alkyl chain to the shell thickness. The water percentage to

the micelle shell remains around 60%.
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Fig. 8: Small angle neutron scattering from 25mM aqueous solution of ImS3-8 and ImS3-12

Table 2. Parameters describing the fit to the core-shell model used to describe the SANS data

Hard
Surfactant | Radius (A) Ellipticity (A) Shell thickness (A) Charge  sphere

radius
ImS&+Salt 114 1.1 5.1 3.1 16.8
ImS12+Salt 15.9 0.8 94 10.0 26.0

Conclusions
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It is concluded that both the zwitterionic surfactants i.e., ImS3-8 and ImS3-12 show clear
amphiphilic behavior, consistent with conventional surfactants. ImS3-8 showed weak
indication of CMC while ImS3-12 is much more surface active and had an appreciably lower
value for the CMC. The surface activities increase and CMC decrease of both the zwitterions
with increase in temperature. The energetic changes of micellization i.e., AGmic, AHmic,
interfacial adsorption (AGads) have negative values while ASwic has small positive values of
ImS3-8 and ImS3-12. It has also been observed that AHpi. remains constant while AGmic, ASmic
and AGags increase when temperature is increased from 298 to 313K. The micellization process
of ImS-R is entropically controlled over the investigated temperature range. It is also concluded
from the comparative study of ImS3-R and conventional surfactants such as SDS and DTAB
(of same hydrophobic groups) that the former show greater surface activity and lower CMC
than the later. SANS data interpretation showed spherical micelle of ImS3-8 while ImS3-12
form oblate micelle with ellipticity of 0.8 This change in shape of micelle from spherical to
elliptical is attributed to the change in the hydrophobic block length. From the SANS results it
can be further concluded that hydrophobic chain has not been involve in shell thickness of the

micelle. The present results are interesting from academic as well as applied point of views.
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