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1. INTRODUCTION

The permanent interest in sodium alkyl sulphates
results from their wide ranging potential of scientific and
technological applications[1-10].

Surface-active molecules self-assemble or form
micelles or vesicles in dilute solutions so as to minimize
the contact between their hydrophobic tails and water
molecule. As a result, the interior of micelles and the
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Dielectric relaxation studies of aqueous sodium dodecyl sulphate with
formamide and acetamide, have been carried out for different concentra-
tions at 303k. Dielectric Relaxation Spectroscopy (DRS) is a versatile tool to
monitor the dynamic process of micellar systems. The time domain dielectric
data were obtained in the reflection mode in the frequency range of 10MHz
to 20GHz using a HP54750A sampling oscilloscope and HP54754A TDR
plug-in-module. The sample was held at 303k in a SMA cell with an effective
pin length of 1.35mm. We have determined the relaxation time () using the
Cole-Cole method. The relative viscosity 

r
 of the micellar solutions was

also determined. We find that 
r
 increases with increasing concentrations of

SDS and there is a non-linear increase in 
r
 beyond 80mM SDS. The ob-

served relaxation time is explained by considering the superposition of two
relaxation times. One is due to the rotation of the hydrated water molecule
around the micelle ions and the other due to the hydrated water squeezed in
the hydrophobic interior of the micelle. Our results are explained on this
basis. The results on adding amides are similar to that of adding alcohols
but the interaction of the amines with the head group of the micelle is not as
effective as hydroxy group of alcohols.
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spherical shells of vesicles are highly non-polar capable
of accommodating other non-polar molecules[11-18].

However the micelle formation in an aqueous solu-
tion is known to be affected by organic additives. Re-
cently increasing attention is being devoted to the study
of the incorporation or solubilization of neutral molecules
into micelle in aqueous solution. Some of the most stud-
ied solubilizates are alcohols, because of the important
role they have in the preparation of microemulsions.
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Many studies reported about various aspects of
solubilization, for example the capacity of micelles for
solubilization of different additives, the different equi-
librium of an additive between the micelles and solvent,
the distribution of an additive between the micelles, the
specificity of solubilization of additives in micelles, the
location of an additive in the micelles, the thermody-
namics of solubilization, and the dynamics and mecha-
nism of solubilization.

Mats Almgren et al.[19-22] studied the effect of or-
ganic polar solvents on the micelle formation of SDS in
water using fluorescence quenching method. Studies of
the effect of non-electrolytes additions on ionic micelle
formation were mostly on the effect of alcohol. There
are also reports of the organic molecules used as co-
solvents[23,24].

The dielectric relaxation studies of surfactants +
additives micellar solutions are rare and are mostly con-
fined to microemulsions. For example, the structural
characteristics of systems containing sodium stearate,
with varying amounts of water in the presence of n-
pentanol, n-hexanol and n-heptanol were investigated
by Bansal et al.[25]. The results were interpreted in terms
of ionization of the carbonyl group and the concomitant
formation of the electrical double layer.

Sjoblom and Gestblom[26] studied the dielectric
spectra between 50MHz and 11GHz in the system so-
dium octanoate-decanol water. Several dielectric dis-
persion regions were observed and the results are dis-
cussed in relation to models consisting of rather well
defined aggregates. Most of the dielectric studies of
micellar solutions were restricted to a frequency range
up to 10MHz only.

Time domain dielectric relaxation spectroscopy can
monitor relaxation in the region of =15-25ps which
are attributed to water molecules within the micelles
and the vicinity of the hydrophobic tail of surfactant ions.
Hence the application of dielectric time domain spec-
troscopic method to complex equilibria of additives +
micellar aqueous systems would offer a great deal of
insight into �bound water� dispersion phenomenon.

The present study investigates the relaxation time
of Organic polar solutes such as acetamide and
formamide on micellar solutions of anionic sodium
dodecyl sulphate. SDS offers a preferential solvation
of the hydroxy group by the counterions.

2. MATERIALS AND METHODS

The surfactants SDS is the product of BDH 99%
pure and is used �as such� without further purification.

The co-solvents acetamide and formamide were puri-
fied using standard procedures. All solutions were pre-
pared in doubly distilled conductivity water of specific
conductance 1-2 scm-1 at 303K.

 The dielectric measurements were made using Time
Domain Reflectometry in the frequency range of 10MHz
to 20 GHz using HP54750A sampling oscilloscope and
HP54754A TDR plug-in-module. A fast rising step
voltage pulse of 200mv with 39ps time is generated by
a tunnel diode and propagated through a coaxial cable
system. The sample was placed at the end of the co-
axial line in a standard Military Application (SMA) co-
axial cell of 3.5mm outer diameter and 1.35mm effec-
tive pin length. All measurements were made under open
load conditions.

 The sampling oscilloscope monitored the change
in the pulse shape after detecting reflection from the
sample placed in the cell. A time window of 5ns was
used. The reflection pulse with Rx(t) and without sample
R

1
(t) were digitized in 1024 points and transferred to

computer through GPIB. A water circulated thermostat
bath was used to maintain constant temperature within
±10C. The sample cell is surrounded by a heat-insu-
lated container in which the water from the bath is cir-
culated.

The Fourier transform for {R
1
(t) - R

X
(t)} and {R

1
(t)

+ R
X
(t)} namely p() and q() respectively was ob-

tained. Spectra *() over the frequency range of
10MHz to 20GHz are obtained as,

)(q)(p
dj/c

)(*





where �� is the angular frequency, �c� is the velocity of light

and �d� is the effective pin length. The complex permittivity

spectra *() were obtained from reflection coefficient *()
by applying bilinear calibration method[27]. The experimental
values * are fitted with Debye equation with 

0
 and  as

fitting parameters. A non- linear least square fit method was
used[28]. The  is taken as an adjustable parameter but * is
not sensitive to small changes in  in the similar class of
liquid systems.
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3. RESULTS AND DISCUSSION

The complex dielectric permittivities of different
(2.0mM to 100mM) solutions of SDS in the presence
of various additives were recorded at room tempera-
ture.  and  were obtained on resolving the spectra.
The values of density, static dielectric constant and rela-
tive viscosity of the SDS solution is given in TABLE 1.

The determined relaxation time () is calculated from
Debye method. It is the overall relaxation time consist-
ing of different overlap relaxation. The calculated val-
ues of the /r, the volume fraction of the hydrated mi-
celles, the molar volume of the hydrated micelles and
the activation energies for the dielectric and viscous re-
lations are given in TABLE 2.

In the present study all the organic additives are
aprotic polar molecules. It is generally conceived that
the polar substances dissolve with the polar groups at
the hydrocarbon/water interface of the micelle surface
and thereby promote the formation of micellar growth.
The additives chosen in the present investigation do not
disturb the dielectric properties of water except for a
slight decrease in static permittivity. Our studies show
that for anionic surfactant solutions increase in the con-
centration of the additives systematically decrease the
overall relaxation time.

The relative viscosity increases with the increase in
mole fraction of the additives, i.e., the mobility of the
micelle decreases. We have calculated the molar vol-
ume of the hydrated micelles using the Guveli equa-

TABLE 1: Density, static dielectric constant, relative viscosity data for SDS micellar solutions 

Acetamide 
Conc. 
mM 

Density 
Kgm-3   

 
ps 

Formam
ide 

Conc 
mM 

Density 
Kgm-3   

 
ps 

0.05 2 994.3 77.14 1.001 14.09 0.05 2 998.2 77.26 1.002 14.02 
 4 996.1 78.02 1.002 15.36  4 1002.5 78.32 1.004 15.14 
 6 998.7 79.36 1.003 16.48  6 1010.6 79.45 1.008 16.32 
 10 999.6 80.58 1.004 18.03  10 1013.2 80.62 1.018 17.86 
 30 1000.2 82.41 1.01 19.78  30 1015.2 82.53 1.068 18.84 
 50 1008.2 83.31 1.026 20.32  50 1017.4 83.44 1.092 19.99 
 80 1014.3 87.43 1.043 23.02  80 1019.2 87.51 1.108 22.84 
 100 1016.9 88.14 1.083 24.16  100 1022.2 88.26 1.13 23.86 

0.10 2 996.7 76.89 1.001 13.58 0.10 2 998.6 76.92 1.002 13.52 
 4 998.3 77.6 1.001 14.81  4 1002.5 77.69 1.003 14.64 
 6 998.5 78.31 1.004 15.04  6 1012.4 78.4 1.008 15.01 
 10 100.3 79.82 1.009 17.29  10 1013.9 79.91 1.018 17.2 
 30 1008.3 81.89 1.016 19.48  30 1015.8 81.92 1.068 19.32 
 50 1010.2 83.33 1.029 19.81  50 1017.5 83.45 1.092 19.71 
 80 1015.1 87.41 1.056 21.71  80 1020.1 87.51 1.107 21.64 
 100 1017.8 88.12 1.074 22.22  100 1023.6 88.23 1.132 22.03 

0.15 2 997.3 76.51 1.002 13.41 0.15 2 999.2 76.54 1.001 13.21 
 4 999.2 76.68 1.004 14.59  4 1002.5 76.71 1.002 14.04 
 6 1002.4 76.79 1.004 14.62  6 1012.8 76.83 1.007 14.39 
 10 1003.6 78.48 1.009 16.74  10 1014.5 78.52 1.018 16.71 
 30 1009.2 80.13 1.013 18.46  30 1016.2 80.16 1.067 18.21 
 50 1011.1 81.29 1.021 18.52  50 1018.4 81.31 1.071 18.33 
 80 1016.3 84.06 1.058 20.73  80 1021.2 84.11 1.106 20.42 
 100 1018.2 84.52 1.098 21.6  100 1023.4 84.61 1.131 21.49 

0.20 2 998.2 75.81 1.002 12.69 0.20 2 999.7 75.86 1.001 12.52 
 4 999.8 75.87 1.003 14.02  4 1003.2 75.91 1.002 13.86 
 6 1002.9 76.46 1.007 14.24  6 1013.4 76.5 1.006 14.11 
 10 1004.1 77.83 1.018 15.86  10 1015.6 77.86 1.017 15.72 
 30 1009.8 79.63 1.027 17.73  30 1017.2 79.67 1.067 17.51 
 50 1012.3 80.72 1.048 17.92  50 1019.5 80.78 1.091 17.63 
 80 1017.3 82.85 1.067 19.21  80 1022.2 82.91 1.106 18.94 
 100 1018.8 83.32 1.078 20.29  100 1024.6 83.41 1.132 20.03 
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tion[29].
2
mmr 1.145.21 

where 
m
 is the volume fraction of the hydrated micelles. The

molar volume of the hydrated micelle (Vm) is /CM where CM
is the concentration of the hydrated micelles, CM= C

total
-C

CMC
.

The volume of the hydrated micelle is V
h
=Vm/N, where N re-

fers to Avogadro number.

3.1. Micellar SDS solutions

In the case of SDS solutions, the range of our study
is 2mM to 100mM. Generally solubilization is known
to occur at different sites in the micelles. (i) at the wa-
ter-micelle surface (ii) between the hydrophilic head
groups (iii) in the palaside layer of the micelle, i.e., be-
tween the hydrophilic groups and the first few carbon
atoms of the hydrophobic group and (iv) in the inner
hydrophobic core of the micelles. We analysed our di-
electric data on the basis of the interactions of these
additives with the surfactant in aqueous solutions.

According to Cole[30], if a solution behaves as a
single relaxation system,  of the complex dielectric
constant and , the imaginary part must be linked by
the following relationship.

0"' 

Hence a plot of  Vs  must be a straight line.
We have found that no such straight line is obtained for
any concentration of SDS and hence obviously more
than one relaxation mechanism operate. It is a common
knowledge that amide + water system shows a dielec-
tric dispersion which can be explained by a two state
model at least in water rich concentrations. The relax-
ation time can be fitted with two relaxation times that
correspond to two types of water in solution (i) the
bulk water and (ii) the hydration water. The exchange
between these two types is the rate process that deter-
mines the relaxation time of water + alcohol mixtures[31].
But it has been found that both the relaxation times in-
crease with increasing amide concentrations in the wa-
ter rich region.

In our studies of acetamide + water + SDS, we found
that increase of acetamide concentration decreases the av-
erage relaxation time, which implies that the two state
models cannot be extended to aqueous SDS solution in
the presence of acetamide There is a clear interference of
acetamide molecules on the micelles of SDS. The bulk
solution dielectric constant decreases with increase of aceta-

mide concentration as is expected in a binary n- aceta-
mide + water system, but the relaxation mechanism seems
to be different. For aqueous SDS, Buchner et al.[32] have
identified four relaxation times. One of them at 120ps
(2GHz) is attributed to the slow water hydrating the mi-
celles. The hydration of SDS micelles is classified as �hy-

drophilic� since the water hydrates the O-SO
3
 groups of

SDS ion through hydrogen bonding and the hydration shell
extends beyond micelle volume.

This strong hydration gets interfered by the pres-
ence of amides. The acetamide molecules cannot go
into the interior of the micelles interfering with the hy-
drophobic interactions of the micelle, but certainly de-
creases the ion-ion interactions of the head groups.
Hence the dynamic equilibrium of the hydrated water is
disturbed. The overall relaxation time consequently gets
decreased. The shift of this peak is distinctly visible at
higher concentration of SDS it around 3GHz.

21obs

111








where 
1
 and 

2
 are that of the rotation of the hydration

water around the micelle ions and 
2
 is that of hydrated

water squeezed in the hydrophobic interior of the mi-
celle. The other relaxations of 0.5ns and 5ns do not
contribute at this region.

What is the role of other organic additives on the
aqueous SDS micellar solutions? In case of addition of
amine, the variations of molar conductivity of SDS so-
lutions showed that the CMC of SDS is systematically
lowered on addition of aniline[33]. It was suggested that
the addition of amine perturbs the interface of surfac-
tant micelles by intercalation of the acetamide into the
head group region. This behaviour of acetamide is similar
to normal alcohols[34]. Perhaps it is not as effective as
primary alcohols.

The addition of amines does not yield any percep-
tible change in the relaxation time. It appears, the
changes in  noticed can, at best, be attributed to the
changes in the dielectric medium due to the dissolution
of these organic additives and their effect on the mi-
celles seems to be minimal.

We have drawn / Vs frequency curve for all
systems investigated (Figures 1-4) highlights the re-
gion 2GHz to 8GHz. This region is characterized by
two distinct peaks one around 4.5GHz and another
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around 6.2GHz (35ps and 28ps). The SDS con-
centration dependence of the relaxation amplitudes in
this region is smooth and increases with increasing con-
centration of SDS, showing that there are more hydra-
tion water around SDS micelles. Above CMC the in-
crease is proportional to the concentration of the mi-
celle i.e., (C

SDS
-CMC). The relaxation amplitude at 35ps

is much smaller than of 28ps. The increase in amplitude
with concentration at 28ps is also larger compared to
that of 35ps. The CMC is lowered in the presence of
these additives, and the lowering depends on the solu-
bilization of different additives in the aqueous solution.
Hence below CMC the relaxation times increases rather
slowly with concentration of SDS.

The changes in the viscosity of the solution are di-
rectly related to the hydrodynamic volume of the mi-
celle and their rigidity against rotational and translational
motion. The ratio /

r
 are hence related to the micellar

radius.
In SDS solution, we found that the relaxation time

 is decreased by the addition of these polar molecules.
The calculated values of  and  are shown in TABLE
2. A plot between concentration against /

r
 is shown

in figures (5-8). It is almost constant at all concentra-
tion of SDS. This indicates that the kinetic equilibrium
is not disturbed at higher concentrations.

TABLE 2 : Fractional volume, volume of the hydrated micelles, activation energies for dielectric and viscous flow for SDS
micellar solutions at 303 K

 F  F  Acet 
M/l 

Conc 
mM 

 
ps 

 
Vh(ml)
10-20 KJ/m KJ/m 

0.05 2 14.08 0.002 - 11.31 15.33 
 4 15.33 0.004 - 11.52 15.82 
 6 16.43 0.005 - 11.71 15.96 
 10 17.96 0.006 0.13 11.92 16.31 
 30 19.58 0.017 0.08 12.16 16.87 
 50 19.81 0.028 0.06 12.23 16.99 
 80 22.07 0.041 0.02 12.54 17.1 
 100 22.31 0.052 0.02 12.67 17.32 

0.10 2 13.57 0.003 - 11.21 15.31 
 4 14.79 0.005 - 11.43 15.81 
 6 14.98 0.006 - 11.47 15.92 
 10 17.13 0.008 0.12 11.82 15.29 
 30 19.17 0.018 0.06 12.12 16.86 
 50 19.25 0.029 0.04 12.16 16.98 
 80 20.56 0.043 0.03 12.41 17.08 
 100 20.69 0.055 0.02 12.45 17.31 

0.15 2 13.38 0.004 - 11.18 15.31 
 4 14.53 0.006 - 11.39 15.77 
 6 14.56 0.007 - 11.41 16.01 
 10 16.59 0.009 0.11 11.74 16.76 
 30 18.22 0.021 0.04 11.99 16.97 
 50 18.13 0.032 0.03 12.01 17.02 
 80 19.59 0.046 0.02 12.28 17.21 
 100 19.67 0.059 0.02 12.38 17.29 

0.20 2 12.66 0.004 - 11.04 15.31 
 4 13.97 0.007 - 11.29 15.74 
 6 14.14 0.008 - 11.33 15.99 
 10 15.57 0.012 0.1 11.61 16.71 
 30 17.26 0.023 0.05 11.89 16.89 
 50 17.09 0.034 0.03 11.92 16.98 
 80 18.01 0.048 0.03 12.09 17.13 
 100 18.82 0.061 0.02 12.23 17.21 

For Conc  Vh(ml)  F   F  
M/l mM ps 

 x10-20 KJ/m KJ/m 
0.05 2 13.99 0.002 - 11.41 15.42 

 4 15.07 0.004 - 11.61 15.88 
 6 16.19 0.005 - 11.76 15.99 
 10 17.54 0.007 0.36 12.02 16.38 
 30 17.64 0.027 0.15 12.15 16.97 
 50 18.31 0.036 0.14 12.31 17.06 
 80 20.61 0.043 0.09 12.64 17.14 
 100 21.11 0.053 0.07 12.75 17.34 

0.10 2 13.49 0.003 - 11.32 15.41 
 4 14.59 0.005 - 11.52 15.82 
 6 14.89 0.007 - 11.58 15.97 
 10 16.89 0.009 0.61 11.93 16.31 
 30 18.08 0.028 0.2 12.21 16.92 
 50 18.04 0.039 0.14 12.26 17.02 

For Conc  Vh(ml)  F  F 
M/l mM ps 

 x10-20 KJ/m KJ/m 
  80 19.54 0.045 0.09 12.51 17.11 
  100 19.46 0.056 0.09 12.55 17.31 
0.15 2 13.19 0.004 - 11.26 15.37 
 4 14.01 0.006 - 11.41 15.78 
 6 14.28 0.008 - 11.48 15.91 
 10 16.41 0.011 0.58 11.85 16.25 
 30 17.06 0.031 0.2 12.07 16.84 
 50 17.11 0.042 0.14 12.09 16.89 
 80 18.46 0.047 0.09 12.35 17.11 
 100 19.01 0.059 0.09 12.49 17.29 
0.20 2 12.51 0.005 - 11.12 15.38 
 4 13.83 0.008 - 11.38 15.78 
 6 14.02 0.009 - 11.43 15.92 
 10 15.45 0.013 0.6 11.71 16.28 
 30 16.41 0.034 0.2 11.97 16.87 
 50 16.15 0.046 0.14 11.99 16.99 
 80 17.12 0.049 0.09 12.17 17.11 
 100 17.69 0.062 0.08 12.31 17.31 

Countinue right column
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On the other hand the volume fraction of the hy-
drated micelle decreases rapidly with the increasing
concentration of SDS as well as that of the additives.
i.e., the hydrodynamic volume of the micelle decreases
with increase of concentration. The hydrated water is
squeezed out from the interior with increasing SDS con-
centration. It is found that the hydrated volume increases
in the order of acetamide<formamide. It is known that
the hydration extend beyond the Grosse radius in SDS,
but the number of hydrated water molecules are not
proportionally increased with the increase in concen-
tration.

The molar activation of free energy for viscous flow
F is greater than F, the free energy of activation
of dielectric relaxation. The process of viscous flow in-
volves greater interference by neighbouring molecules
than does dielectric relaxation, as the later takes place
by rotation only, whereas the viscous flow involves both

Plot between /
r
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the rotational and translational forms of motion. How-
ever it is found that F>0.5 F, which suggests that
there is an inhibition of rotational motion also and this
increases with the increase in additive concentration.

4. CONCLUSION

Dielectric dispersion of aqueous solutions of bio-
logical materials is well studied. In micellar solutions,
the polydispersive character makes the permittivity Vs
frequency curve more complex. The water of hydra-
tion (i.e.,) bound water in the immediate environment
of the surfactant micelle is known to produce in -dis-
persion. The strong forces between the bound water
and its polar neighbours make the relaxation time longer
than that of free water. The outer core of the micelle
�the stern layer� consists of the hydrated head groups

and the bound counterions outside this layer is the un-
bound counterions. The delicate balance between these
layers is disturbed by organic additives like alcohols,
which not only influence the micellization through a
modification of the water structure but also incorporate
it into the micelles. The studies of the effect of other
polar molecules as cosolvents are rare. Our studies in-
dicate the presence of atleast two large dispersions in
the region 2GHz to 10GHz. This dispersion is caused
by the relaxation of the water molecules in the immedi-
ate environment of the micelle and that of the hydrated
water around the counterions. Using Debye model we
have determined the average relaxation time of the mi-
cellar solution in this region, which reflects the average
dynamics of bound water molecules. The significant
changes in the values of / with changes in the con-
centrations of the surfactants were noticed.
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