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Abstract: The surface tension, contact angle and conductivity of different concentrations of impure
sodium dodecyl sulfate (SDS) (90% pure) solutions were measured at room temperature (± 0.2oC).
Graphs of the respective parameters against concentration were drawn and some conclusions
regarding the behavior of the solutions were obtained from the graphs. Results showed that surface
tension and contact angle graphs of impure SDS were more affected by the impurities than that of
the conductivity. This is clearly seen when the respective graphs are compared with those from pure
SDS. In addition, the shear stress as well as the apparent viscosity of SDS solutions as a function
of shear rate were also investigated and the results obtained were compared with that of high purity
(99%) SDS. It was found that both types of SDS solutions exhibited similar behavior in shear stress
and viscosity as a function of shear rate.
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INTRODUCTION

A surfactant, a surface active agent, is defined as a material that can reduce the surface tension of water
when used in very low concentration. Studies on the behavior of surfactant solutions have been attracting
the attention of many researchers due to their variety of applications in the detergent industry, drug delivery,
lubrication, catalysis and biochemistry (Luisi, 1986; Marqulies, 1984; Lacks SA, 1979).   

Molecules of surfactants tend to aggregate as micelles, which is possible as a result of the structure of
the molecules, having two distinct parts. The part of the surface active molecule, which has an affinity for
polar molecules, is called hydrophilic (water loving), and the molecule can be anionic, cationic or amphoteric.
The other part, which has an affinity for non-polar molecules, is called hydrophobic (water hating). This
hydrophobic part usually consists of 8-18 carbon atoms and can be aliphatic, aromatic or a mixture of both
(Majewska-Nowak, 2005). Molecule containing both parts is said to be amphiphilic or amphipathic. Such
molecules show clear behavior when they interact with water. The polar parts will be associated with water
while the non-polar parts will be segregated away from it.

Wetting is an important property for several technical processes such as cleaning, painting, flotation and
drug dissolution. Wetting properties of surfactants on hydrophilic and hydrophobic solid surfaces have been
the subject of interest of many researchers (Janczuk, 1997; Eckmann, 2001; Vogler, 1992; Ferrari, 2006).
When a surfactant is added to water, variation in the wettability of solids is observed. This is due to the
adsorption of the surfactant at water/air and solid/ water interface and, therefore, decreasing the excess free
energy of these interfaces (Ozdemir, 2004). A surface shows hydrophobic properties when the contact angle
with water is high and shows hydrophilic properties when the contact angle with water is low.

Sodium dodecyl sulfate (SDS),which is also known as NaDS or sodium lauryl sulphate (SLS), is an ionic
surfactant which has been used in household products such as shampoos and toothpastes due to its thickening
effect and its ability to create a foam. It is well known that soap molecules can cluster together as micelles
when they are present above a certain concentration called the critical micelle concentration (CMC) (Shaw,
1992). The value of CMC is affected by many factors, such as temperature (Garidel, 2000), buffer pH (Lin
CE, 1996) and the addition of organic modifiers (Benito, 1997). The formation of micelles in dilute surfactant
solutions, such as SDS solutions, have been extensively reported in the literature (Mackerell, 1995; Shelley,
1990; Moroi, 1988; Nagarajan, 1991; Christopher, 2003; Rakitin, 2004; Zoeller, 1997; Yoshii, 2006). Pure
SDS shows a sharp break in the curves at the CMC value as shown in Figure 2. Taking the surface tension
of SDS solutions as a function of concentration as an example (Figure 1), the surface tension decreases with
increasing concentration until the CMC, which is about 8.3 mM is reached, after which the surface tension
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becomes constant. Several different techniques for determining CMC have been established in the literature,
and these include spectrophotometric (Mukerjee, 1955; Carey, 1969; Cole, 1991; Furton, 1993), conductimetric
(Hayase, 1997; Zana, 1981), fluorimetric (Kalyanasundaram, 1977) and light scattering (Chang CY, 1987),
nuclear magnetic resonance (Carey MC, 1972; Gouin S, 1998), infrared spectroscopy and viscometry (Lida,
1990) and surface tension (Roda, 1983), methods. In other words, the CMC can be obtained by noting a
pronounced discontinuity in the physical properties of a solution as shown in Figure 3 (Attwood, 1983). In
this work, CMC was determined by plotting the surface tension, contact angle and equivalent conductivity
against concentration of surfactant.

It is known that the impurities have an impact on the properties of SDS. However, how these impurities
affect the properties of SDS is not well investigated. The aim of this work, therefore, is to study how the
impurities affect the physical properties of SDS solutions, such as the position of CMC and the rheological
behavior with a view to further explore the properties and applications of SDS both on its own and
associated with other surfactants.

Fig. 1: Physical properties of SDS as a function of concentration (Attwood, 1983).

Experimental:
Materials:

Sodium dodecyl sulfate was supplied as a powder by Sigma Chemical Co. (90% and 99% purity) and
used as received. SDS (90% purity) solutions with concentrations ranging from1 to 15mM were prepared.
Distilled water was used to prepare all solutions.

Methods:
The k122 processor tensiometer was used for the determination of surface tension and CMC of the

prepared solutions. The surface tension of all solutions was determined by using the plate method. The plate
was rinsed with water and heated in the gas flame of an alcohol burner before use to remove impurities.
Calibration of the instrument was done with distilled water and each value taken was an average of 5
measurements.  

Contact angle was measured using the contact angle measuring system G40. The measurement was done
on microscope slides (25.4 × 76.2 mm, 1-1.2 mm thick). The slides were first cleaned by soaking in ethanol
overnight. The average contact angle of both sides of the drop was taken into consideration. The average
contact angle of pure water on the slides was about 42o (hydrophilic surface). Volume used was 1µL. The
average measurement time was 1.5 minutes.  Again, every value was an average of about 5 measurements.

Conductivity measurements were determined with the help of the Orion Model 105 Conductivity meter.
Calibration was done with standard potassium chloride solution as provided by the supplier.

Rheology measurements were determined using a Brookfield digital viscometer, model DV-II + Pro, with
an attached UL adapter. Viscosity values were reported in centipoise (cP) units.

RESULTS AND DISCUSSION

Figure 2 illustrates the relationship between the surface tension of commercial SDS (impure) and
concentration. Initially, the surface tension decreases sharply as concentration increases until at a certain
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concentration, after which it starts increasing resulting in a distinct minimum in the surface tension curve.
Chen et al., (1997) and Tofani et al., (2004) also reported a minimum in the curve of the surface tension
as a function of SDS concentration due to the influence of impurities adsorbed at the air-water interface with
a surface activity higher than the surfactant itself. These impurities could be dodecyl alcohol or inorganic
salts due to the synthesis process Chen et al., (1997). It is expected that if a high purity SDS is used, a
sharp break will appear (Miles, 1944). The results shown in Figure 2 show some agreement with previous
studies (Elworthy, 1966; Van Os NM, 1993; Jonsson B, 1998).

According to Tofani et al., (2004), the concentration corresponding to the minimum surface tension can
be regarded as CMC value. In this study, therefore, the lowest value of surface tension is 24.41 mN m-1 and
the CMC value is 6 mM, which is lower than the value as shown by purified SDS (8.3 mM) (Van Os NM,
1993).

Fig. 2: Effect of impurities upon the surface tension of SDS solutions. 

Figure 3 shows the relationship between the contact angle of SDS solutions and concentration. The whole
wetting process can be divided into two stages. During the first stage, the contact angle decreases linearly
as the concentration increases until about 4 mM. At the second stage, the contact angle remains
approximately a constant value. However, we encountered a difficulty in measuring it after 4mM as the drop
immediately spreads on the slide. This behavior is due to the mechanism of detergency which lowers the
surface tension. Therefore, the decreasing contact angle indicates that the surfactant comes into contact with
the surface to be cleaned. The CMC value obtained from this measurement is around 3.3mM.

The change in molar conductivity with the square root of concentration is displayed in Figure 4. The
molar conductivity-SDS concentration plot shows two straight lines with different slopes. The first one
corresponds to the concentration range below the CMC. The second region is at higher concentrations starting
at the point at which the micelles start to form. The CMC can be graphically obtained from the intersection
break of the two regression lines above and below the CMC value. The break in Figure 4 occurs at about
6.25mM, which shows a reduction in the CMC value. This reduction is attributed to the presence of the
impurities in SDS.

Figure 5 shows the relationship between the shear stress and shear rate for two types of SDS, 90% and
99% pure for a concentration of 15mM (above CMC). The shear stress increased with increasing shear rate.
At the same shear rate, the shear stresses were slightly higher for SDS with the purity of 90%. In addition,
there is a break in the curves at about 100 s-1. 

Figure 6 shows the shear rate-dependent viscosity of SDS solutions as a function of shear rate for a
range of shear rate from 0 to about 250 s-1. For both types of SDS, the viscosity decreases with increasing
shear rate until at a shear rate of 100 s-1, after which it starts increasing gradually.
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Fig. 3: Effect of impurities upon the average contact angle of SDS solutions.

Fig. 4: Effect of impurities upon the molar conductivity of SDS solutions.

Fig. 5: Effect of impurities upon the shear stress of SDS solutions as a function of shear rate. 
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Fig. 6: Effect of impurities upon the dynamic viscosity of SDS solutions as a function of shear rate.

Conclusion:
This study has shown that the surface tension graph of SDS (90% purity) shows a minimum instead of

a sharp break in the plot, which makes it difficult to accurately assess the value of CMC. The drop, after
4mM, tends to spread immediately in contact angle measurement. However, the conductivity graph seemed
to be slightly affected by the impurities. The values of CMC were approximately estimated to be 6, 3.3 and
6.25mM from surface tension, contact angle and conductivity measurements respectively, which are lower than
the CMC value of pure SDS (8.3mM). From these values, the one obtained by the contact angle method is
the most affected one by the impurities. In addition, rheological properties of both types of SDS solutions
showed almost the same behavior. 
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