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Determination of Aqueous Surfactant Solution
Surface Tensions with a Surface Tensiometer

Remelisa Esteves, Birce Dikici, Matthew Lehman, 
Qayyum Mazumder, and Nonso Onukwuba

Abstract
Surfactant solutions are applicable to engineering systems for cooling equipment for electronics. Surfactants can be added to water to 

improve heat transfer. An application of using aqueous surfactant solutions can be through microchannel heat sink. Although it is ideal to 
redesign these systems to reduce heat, it is a costly method. Surfactant solutions at optimal solution concentration can be able to transfer 
heat quickly and effectively with minimum expense. The surface tension of surfactant solutions is an important parameter for boiling heat 
transfer and must be taken into consideration. The purpose of this research is to measure surface tension of surfactant solutions at varied 
concentrations and determine the critical micelle concentration (CMC) point. A surface tensiometer that utilizes the Wilhelmy plate meth-
od was used to measure the surface tensions of SLS, ECOSURFTM EH-14, and ECOSURFTM SA-9 of various compositions at room tem-
perature. The measured data for SLS followed a pattern similar to reported data in the literature. There are no reported data for EH-14 and 
SA-9 in the literature since they are new surfactants. Although each surfactant solution had different surface tension values, it was observed 
that, as surfactant concentration increased, the surface tension decreased and eventually leveled out at the CMC point.

Introduction
Surfactants are compounds that lower the surface 

tension between two liquids or between a liquid and a 
solid. Surfactants may act as detergents, wetting agents, 
emulsifiers, foaming agents, and dispersants. Surfactants 
can be classified as nonionic, anionic, cationic, and 
amphoteric [1]. Figure 1 shows these classifications.

Surface tension is a property of liquids. It is defined as 
the energy, or work, required to increase a liquid’s sur-
face area due to intermolecular forces [3]. Liquids with 
higher surface tension tend to pull on the surrounding 

liquid molecules more strongly than those with lower 
surface tension. Figure 2 shows the differences between 
high and low surface tension [4]. 

The proportion of molecules present at the surface of 
a liquid in the bulk of a liquid depends on their concen-
tration. At low concentrations, surfactants stay on the 
surface of the liquid. Surface tension decreases as more 
surfactant is added to water. As the surface becomes 
crowded with surfactant, additional molecules collect as 
micelles. This concentration is called the critical micelle 
concentration (CMC) and can be found by measuring 
surface tension [5]. At the CMC point, adding more 
surfactant does not change the surface tension. While 
it is efficient to use surfactant solutions at their lowest 
surface tension, it would be inefficient to use them when 

Figure 1: (From top to bottom) Nonionic, anionic, cationic, am-
photeric surfactant molecule [2]

Figure 2: Low surface tension (left) and high surface tension (right)
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they have reached CMC since having additional surfac-
tant in the solution might be wasteful. Figure 3 shows 
a graphical relationship between surface tension and 
surfactant concentration and indicates the CMC point.

There are various methods of measuring surface ten-
sion. The Wilhelmy plate method is commonly used to 
measure surface tension. This method involves using a 
thin platinum plate to be immersed in a liquid, so that 
the plate is under surface tension. Obtaining measure-
ments using this method follows Young’s Equation; 

where γS is solid surface tension, γL is liquid surface 
tension, θ is contact angle, and γSL is solid and liquid 
boundary tension. A diagram demonstrating the applica-
tion of Young’s Equation is shown in Figure 4.

A surface tensiometer that utilizes the Wilhelmy plate 
method automatically obtains measurements based on 
this equation. This device was used in this research to 
obtain surface tension measurements for surfactant solu-
tions at varying concentrations and to determine their 

CMC points.
Three surfactants to be tested are sodium lauryl sulfate 

(SLS), ECOSURFTM EH-14, and ECOSURFTM SA-9. 
SLS is an anionic surfactant that is used as a foaming 
and cleaning agent in detergent, wetting agent in textiles, 
cosmetic emulsifier, and sometimes in toothpastes [7]. 
It is synonymously called sodium dodecyl sulfate (SDS). 
EH-14 is an alcohol alkoxylate and a biodegradable 
nonionic surfactant. It has many applications, such as 
hard surface cleaners, metal cleaners, high performance 
cleaners, industrial processing and manufacturing, and 
agricultural formulations [8]. SA-9 is a seed oil surfac-
tant and a biodegradable nonionic surfactant. This type 
of surfactant provides considerable benefits in handling, 
processing, and formation. It is used in hard surface 
cleaners, prewash spotters, and paints and coatings [9].

SLS was chosen for this study because it is a common-
ly used surfactant. Therefore, the results of this surfac-
tant can be compared to those provided in literature 
for analysis. On the other hand, EH-14 and SA-9 were 
chosen because they are biodegradable and environmen-
tally friendly alternatives to SLS. These are new surfac-
tants, and literature does not provide information on 
them. Experiments were performed to study their surface 
tensions at various concentrations. The results of these 
surfactants were compared to those of SLS to observe 
any differences in trend.

Methodology
The surface tensiometer used in this study is given in 

Figure 5. The instrument utilizes the Wilhelmy plate 
method. Figure 6 shows the platinum plate that accom-
panies the device.

Before the surfactant solutions were prepared, precau-
tions were taken to ensure that the working environment 
was clean and safe to prevent injury and equipment 
damage. A transformer was used to set the voltage to 110 
V. This device was connected to the surface tensiometer 
and an electrical outlet. Once the surface tensiometer 
was turned on, it was warmed up for exactly 30 min-
utes to ensure optimum performance in measuring the 
surfactant solutions. During the warm-up period, the 
Wilhelmy platinum plate was cleaned to ensure that no 
contaminates would affect the measurements. A pair of 
tweezers was used to handle the plate because oil from 
the hands would contaminate it. The plate was rinsed 
with distilled water. After that, the plate was cleansed 
with a flame, which was achieved by using an isopropyl 
alcohol lamp. The plate was held in the flame until the 

γ γ θ γS L SL= +cos

Figure 3: Graph indicating CMC point [6]

(1)

Figure 4: Diagram demonstrating Young’s Equation
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plate began to appear red. Figure 7 demonstrates this 
cleansing process.

Once the plate had cooled down and the surface 
tensiometer had warmed up, the plate was placed on the 
hook of the device. A series of steps, provided in the in-
struction manual, were followed to calibrate the surface 
tensiometer. After calibration, 100 g of distilled water 
was tested first to ensure that the device was working 
properly. A beaker containing the water was placed on 
the platform of the device. With the knob on the side of 
the platform, the beaker was raised until the plate was 
completely submerged in the water. Then, the beaker 
was lowered until the plate was at the point of separation 

from the water. In other words, only the lower edge of 
the plate was touching the surface of the water. This pro-
cedure was performed, so that the water would apply a 
pulling force on the plate to achieve surface tension. The 
surface tension value was immediately recorded. After 
that, two more measurements were made and repeatabil-
ity was achieved. For the second measurement, the plate 
was left at the point of separation for two minutes to ob-
serve any changes in surface tension. After two minutes, 
the value was recorded. For the third measurement, the 
beaker was lowered to separate the plate from the water, 
raised to submerge the plate, and then lowered until the 
plate reached the point of separation from the water. 
Once the plate reached this point, the surface tension 
value was immediately recorded.

The recorded measurements were compared to report-
ed data to confirm their accuracy. For distilled water at 
room temperature (at 25 °C), the surface tension value 
should be 72 mN/m [10]. If there was a percentage dif-
ference greater than 10% between the recorded measure-
ments and reported data, then the distilled water would 
have to be measured again, or the calibration process 
would have to be repeated. Otherwise, if the percentage 
difference was at or lower than 10%, then the next step 
would be to prepare and measure the surfactant solu-
tions.

Surfactants experiments were started with SLS, so that 
results can be compared to previously reported litera-
ture data. A mass balance was used to ensure consistent 
measurements of water and surfactant. Before measuring 
the surface tension, a thermocouple was used to ensure 
that the water was at room temperature (at 25 °C) be-
cause surface tension is a property that can be affected by 
temperature. To prepare the solution, the surfactant was 

Figure 5: BZY-101 automatic surface tensiometer

Figure 6: Wilhelmy platinum plate

Figure 7: Cleaning the plate with flame
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dissolved in water, and the solution was stirred for 30 
seconds with a hot plate and a magnetic stirrer (Figure 
8).

Once the solution was mixed thoroughly, the surface 
tensiometer was used to measure the surface tension. The 
procedure for measuring distilled water was followed for 
the SLS solution. After completing the measurement, the 
plate was cleaned. The preparation, measurement, and 
cleansing processes were repeated for various concentra-
tions of SLS. Each concentration was measured in parts 
per million (PPM). Equation 2 demonstrates PPM,

where mc is the mass of the component (kg) and ms 

is the mass of the solution (kg). Once all of the mea-
surements were obtained, the results were compared to 
reported literature data to observe any similarities or 
differences in trend. After the comparisons were made, 
the preparation, measurement, and cleansing processes 
were repeated for the EH-14 and SA-9 solutions. There 
were important notes that were taken into account when 
performing the experiments:

• Each lab session started by measuring distilled water 
to ensure that the surface tensiometer was working prop-
erly. 

• Any contamination of the plate and solution (includ-
ing oil from skin) would affect the measurements.

• The temperature of the solution has some effect on 
the surface tension value. Before measuring surface ten-
sion, a thermocouple was used to measure the distilled 
water and surfactant solutions to make sure that they 
were at room temperature. 

• Surfactant solutions have dynamic surface tensions 
immediately after mixing. They will reach equilibrium 
and have static surface tension after sitting for several 
seconds or minutes. 

Results
For each of the figures shown in this section, the mean 

surface tension values were plotted. These values can be 
found in Table 1, 2, and 3 in the Appendix section.

Figure 9 shows the mean surface tension measurements 
of the SLS solution with the corresponding composi-
tions. Data reported at Cheng et al [10] was plotted for 

Figure 8: Stirring solution with hot plate and magnetic stirrer

PPM m
m
c

s

=1 000 000, , (2)

Figure 9: SLS solution surface tensions with increasing composition
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comparison.
Figure 10 shows the mean surface tension measure-

ments of the EH-14 solution with the corresponding 
compositions. 

Figure 11 shows the mean surface tension measure-
ments of the SA-9 solution with the corresponding 
compositions.

Discussion and Error Analysis
All surfactant solutions exhibited a pattern in which 

surface tension decreased as concentration increased. 
Once they reached the CMC point, surface tension re-
mained constant. This pattern is similar to that of Figure 
3, which was expected. It was noted that, at the CMC 
point, the mean surface tension value was 33.7 mN/m 
for SLS, 31.1 mN/m for EH-14, and 29.6 mN/m for 
SA-9.

The experimental measurements for SLS was com-
pared to data reported from Cheng et al. When the 
experimental and reported data were plotted together, as 

Figure 10: EH-14 solution surface tensions with increasing composition

Figure 11: SA-9 solution surface tensions with increasing composition
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shown in Figure 9, they followed a similar pattern. For 
further comparison, percentage difference was calculated 
for each concentration. This calculation was performed 
using Equation 3,  

where γexp is the experimental surface tension and γdata 
is the reported surface tension at Cheng et al. Table 4, in 
the Appendix section, shows the percentage difference 
for each concentration. It shows that surface tension 
values mostly varied between 500 PPM and 1000 PPM. 
Unlike SLS, EH-14 and SA-9 are relatively new sur-
factants, so literature does not provide any information 
on them. As shown in Figure 10, the EH-14 solution 
showed the largest change in surface tension between 
0 PPM and 500 PPM. After 500 PPM, surface tension 
gradually decreased as concentration increased. The 
CMC point occurred after 3500 PPM. On the other 
hand, the SA-9 solution immediately reached the CMC 
point when 20 PPM of the surfactant was added to wa-
ter, as shown in Figure 11. 

Although various precautions were taken to ensure 
that the surface tensiometer would measure the surface 
tension to the highest accuracy and precision as possible, 
there might be sources of error. Surface tension is very 
sensitive to temperature. A small variation in tempera-
ture can cause the surface tension measurement to 
deviate slightly from the liquid’s reported surface tension 
value at a certain temperature. As shown in Tables 1-4 
in the Appendix section, the measured surface tension 
for water at room temperature slightly deviated from the 
reported value of 72 mN/m. As mentioned in the Meth-
odology section, the percentage difference between the 
measured and reported surface tensions was calculated to 
ensure that there was not a significant difference between 
them. Aside from temperature changes, the Wilhelmy 
platinum plate could cause some error in measurement 
as well. The Wilhelmy platinum plate is a very sensitive 
component; thus, any deviations from its original form 
would affect surface tension measurements. The wire 
that is connected to the plate is susceptible to bends, 
especially when held with a pair of tweezers. The sur-
face of the liquid should be evenly distributed along the 
lower edge of the plate. If the wire were bent, it would 
lead to uneven distribution of the liquid, which would 

contribute to skewed results. A flat, clean surface and a 
paper grid were used to ensure that the wire was straight. 
If the wire was bent, it was straightened manually. While 
the wire was adjusted with the best ability possible, the 
presence of a very slight bend was probable since the 
straightness of the wire was determined by the human 
eye. 

Conclusion
The following conclusions are made based on the 

experimental results of this research. The results support 
the theory that surface tension reaches CMC when there 
is sufficient surfactant on the surface of water [6]. SLS 
experimental results show a similar trend to Cheng et 
al.’s results. The largest variation occurred between 500 
and 1000 PPM. It is not known for certain which set of 
surface tension data is the most accurate as they are both 
obtained through experimentation. Despite the slight 
differences, both results showed that the CMC point 
occurred at 2000 PPM, which is a revealing character-
istic for SLS. Comparing the two eco-friendly surfac-
tants, EH-14 presented higher CMC value compared 
to SA-9. SA-9 is water dispersible, and the solution is 
not as uniform and homogenous compared to SLS and 
EH-14. Further experimentation can be done to test the 
SA-9 solution at concentrations between 0 PPM and 20 
PPM and determine whether the solution reaches lower 
surface tension value before 20 PPM. 

The findings of this research provide a better under-
standing of the relationship between surfactant concen-
tration and corresponding surface tension. In the future, 
research will be conducted to study how fluid properties 
of surfactant solutions affect boiling heat transfer. If the 
results of the eco-friendly surfactants are favorable, com-
pared to SLS, then it is probable that they can serve as 
alternative sources for boiling heat transfer applications.
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Table 1: Summary of SLS solution surface tension tests

PPM H2O 
mass (g) SLS mass (g)

First initial 
surface tension 

(mN/m)

Surface tension 
after 2 min. 

(mN/m)

Second initial 
surface tension 

(mN/m)

Mean Surface 
Tension (mN/m)

0 100 0 68.9 69 68.9 68.9
500 100 0.05 36.5 35.1 35.1 35.6
1000 100 0.10 29.7 28.9 28.9 29.2
1500 100 0.15 31.6 31.7 31.7 31.7
2000 100 0.20 33.8 33.6 33.6 33.7
2500 100 0.25 33.9 33.7 33.8 33.8

Table 2: Summary of EH-14 solution surface tension tests

PPM H2O 
mass (g) SLS mass (g)

First initial 
surface tension 

(mN/m)

Surface tension 
after 2 min. 

(mN/m)

Second initial 
surface tension 

(mN/m)

Mean Surface 
Tension (mN/m)

0 100 0 69.6 69.6 69.6 69.6
500 100 0.05 38.6 37.8 38.8 38.4
1500 100 0.15 34.7 33.8 34.4 34.3
2500 100 0.25 34.5 34.1 33.9 34.2
3500 100 0.35 31.2 30.8 31.2 31.1
4500 100 0.45 30.9 30.7 31.0 30.9

Table 3: Summary of SA-9 solution surface tension tests

PPM H2O 
mass (g) SLS mass (g)

First initial 
surface tension 

(mN/m)

Surface tension 
after 2 min. 

(mN/m)

Second initial 
surface tension 

(mN/m)

Mean Surface 
Tension (mN/m)

0 100 0 71.4 71.4 71.4 71.4
20 100 0.002 29.9 29.4 29.6 29.6
40 100 0.004 29.8 29.5 29.7 29.7
60 100 0.006 30.0 29.6 29.8 29.8
80 100 0.008 29.9 29.4 29.6 29.6
100 100 0.010 29.7 29.5 29.7 29.6

APPENDIX

where he served dutifully as the financial secretary. In 
addition to Aerospace Engineering, Nonso was very 
much involved in the Mechanical Engineering Depart-
ment, where his interests in Fluid Mechanics could be 
observed through the research projects he was an active 
participant.
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Table 4: Comparison between experimental and reported experimental SLS 
surface tension values

PPM
Experimental 

Surface Tension 
(mN/m)

Reported Surface 
Tension at Cheng 

et al (mN/m)
Percentage Difference

0 68.9 72.0 4.40%
500 35.6 45.0 23.3%
1000 29.2 37.0 23.6%
1500 31.7 35.0 9.90%
2000 33.7 35.0 3.78%
2500 33.8 35.0 3.49%
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