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Abstract

A unique class of chemical compounds known as surface active agents
(surfactants) possesses hydrophilicity and hydrophobicity. Surfactants are used
in every facet of refined activity and have many uses in science and industry.
With a wide range of applications in the fields of engineering, chemistry,
physics, biology, medicine, and pollution control, surfactant science is a field
that is quickly growing. Despite this, surfactants today have enormous potential,
importance, and cost-effectiveness. In the present work, a study on the
determination of critical micellar concentration (CMC) and characterization of
micellar surfactant system by using the local laboratory methods such as cloud
point (CP), conductivity, tensiometer, densitometer, viscometry, and ultrasonic
sound velocity, is reported.
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1. Introduction

Surfactants are amphiphilic molecules characterized by hydrophilic and hydrophobic
regions that associate dynamically and spontaneously in polar or nonpolar solvents at
and above a specific concentration called critical micellar concentration (CMC) [1].
Above this concentration, the surfactant molecules form large molecular aggregates
with colloidal dimensions defined as micelles. At concentrations below CMC, the
surfactant is maisnly in the form of monomers. CMC depends on surfactant structure
(length of the hydrocarbon chain) as well as on the type of solvent, temperature, pH,
etc. [2]. Surfactants are used in every facet of refined activity and have many uses in
science and industry. With a wide range of applications in the fields of engineering,
chemistry, physics, biology, medicine, and pollution control, surfactant science is a
field that is quickly growing [3]. Despite this, surfactants today have enormous
potential, importance, and cost-effectiveness.
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The changes in nature/micellar structure have been characterized using
techniques/methods/tools such as CP, conductivity, tensiometer, densitometer,
viscometry, and ultrasonic sound velocity.

2. Characterization techniques
a. Cloud point (CP)

CP is observed in nonionic surfactants. Hydrogen bonding causes these surfactants to
dissolve in water. The hydrogen bonds are broken down when the temperature rises.
Solubility is reduced as a result of this. The hydrophobic part's CP falls as the chain
length increases. The sample solution in thin glass vials or 20 ml glass test tubes was
heated in a beaker containing distilled water to measure CP. The solution contained in
a narrow glass vial that has been immersed in a stirring heating bath. The solution was
continually agitated with a magnetic stirrer as the temperature was raised gradually at
a rate of 1°C per minute [4-6]. When the solution turned hazy, the temperature at CP
was recorded. The image below (Figure 1) depicts a schematic illustration of CP.
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Figure 1: Schematic illustration of cloud point

b. Conductivity

The conductivity meter measured the conductance with a cell constant close to 1.0. The
equipment was calibrated using a solution of known concentration of KCI. The glass
cell with two platinum electrodes was immersed in a corning glass tube carrying the
sample solution, which was immersed in a thermostated water bath controlled by an
electronic circuit [7,8]. Conductivity is one of the electrochemical estimations in which
the free electrons of ions are estimated. It estimates how much current goes through the
specific region. With the help of a conductometer, the specific conductivity of the
solution can also be determined. The surfactant systems' CMC values are determined
from the intersection of two concentration lines on a conductivity plot while measuring
electrical conductivity. The figure below depicts the instrumental Figure 2.

Figure 2: Conductometer instrument
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C. Tensiometer

A tensiometer is a device used to gauge a liquid's surface tension. Surface tension can
be measured using a variety of techniques.

Drop Weight Method is a traditional method. A series of droplets of the liquid are
formed at the tip of a tube in this approach. Allowing these drips to fall into a container.
The weight of a single drop is computed using the weight of the liquid collected and
the number of drops created. The drop weight w is related to surface tension by the
modified Tate’s law.

W = 2arYf
where r is the radius of the tip, and f is the correction factor.

Table 1: Measurements of surface tension

Suitability for pure Suitability for
Method o e : v
liquids solutions
Very suitable
. when atmospheric Poor when ageing
Drop weight L
contamination effect suspected
suspected
The Du Nouy ring Satisfactory Not suitable

The Wilhelmy
plate

Very quick and
easy to operate;
susceptible to
atmospheric

contamination

Accuracy good;
suitable when

ageing occurs

Capillary height

Very satisfactory

Not suitable if the
contact angle
different from

Zero

Maximum bubble

Somewhat
challenging to

Poor when ageing

pressure operate effect suspected
successfully
] Very suitable
Sessile drop . .
. Very satisfactory when ageing
profile
occurs
Very satisfactory Very suitable
Pendant drop o )
. but limited when ageing
profile

experimentally

occurs

Spinning drop

Suitable for very
low interfacial

tension

Very convenient
to study the effect

of ageing
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The tensiometer principle is “The property of the surface of a liquid that allows it to
resist an external force due to the cohesive nature of its molecules.” The Wilhelmy plate
(Platinum plate) method detects the surfaced tension using a force tensiometer [9,10].
A platinum plate that is immersed in a liquid is used in tensiometers. The Wilhelmy
plate method governs the liquid's surface tension by carefully measuring the force
required to separate the ring from the liquid. Ludwig Wilhelmy, a German chemist, is
honoured with the Wilhelmy plate method's name [11]. A thin plate is employed to
determine the equilibrium surface or interfacial tension between two fluids, such as air
and liquid. This technique involves positioning the plate at right angles to the interface
and measuring the resulting force. In each experiment, 30 ml of the solution is used in
a beaker of 50 ml, and a platinum plate is placed on top of the solution beaker. The
instrument determines Surface tension measurements automatically while maintaining
a gap of around 3 mm between the immersed plate and the liquid's surface. The
tensiometer is calibrated using deionized water with surface tension values of 72 +0.1
mN/m at 27 °C. Pure water is used to clean the platinum plate, which is then placed on
a burner. The test plate was attached to the microbalance, and the liquid reservoir on
the mobile platform could rise or fall to submerge or remove the solid plate [12].

Figure 3: Tnsiometer instrument

d. Densitometer

The density was measured using an analytical digital vibrating glass U-tube
densitometer. The device used to test the mixture's density has an accuracy of 0.05
kg/m3. Dry air was delivered using a suction tube packed with silica balls, and double-



104 Tejas Joshi

distilled water was pumped into the density meter using a syringe. The atmosphere was
dried by heating silica balls regularly. Deionized and twice-distilled water was used for
standard measurements at each temperature. After calibration, distilled water was used
to clean the U-tube densitometer, and acetone and air were used to dry it. The study's
density data had an average of at least five times what was previously stated. The tube
was cleaned with water and dried with acetone before each measurement. During
measurements, the air pump was always turned off to prevent vibrational anomalies
[13,14].

Figure 4: Densitometer

e. Viscometer

Viscosity is frequently referred to as a fluid's thickness. The informal thickness notion
defines viscosity as the deformation resistance evaluated at a particular rate. Newton
seconds per square meter, or Ns / m?, pascal seconds (Pas), is the unit of viscosity
according to international unit systems (SI). The viscosity of a fluid gauges its internal
friction or flow resistance. There are two ways to determine how viscous the given
solution is: the classical and instrumental methods. The Ostwald and Ubbelhode are the
two types of viscometers used in the traditional approach. A viable way to characterize
a polymer is to measure its viscosity in solution at low concentrations. This can be
accomplished by using a "Ubbelhode viscometer"” to measure the time, t, that a polymer
solution flows through a capillary and comparing it to the time, to, that the fluid flows
through the capillary. The viscosity is equal to the efflux times the mass of the liquid.
Since diluted liquids are about the same density as pure solvents, we can figure out how
viscous they are, 1,1, @S Nye; = t/to.
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Fungilab Viscolead Advance Viscometer is a specialized instrument used in viscosity
measurement techniques. It measures kinematic viscosity as well as dynamitic
viscosity.

Figure 5: Fungilab’s viscometer

f. Ultrasonic sound velocity

There has been considerable success with ultrasound in various research fields,
including biology, geology, biochemistry, polymer industry, geography, medicine,
engineering, etc. [15]. An analysis of molecular interactions has been carried out using
ultrasonic sound velocity measurements between binary and ternary liquid mixtures
using ultrasonic sound velocity measurements. There have been many studies to utilize
this technique for a variety of solutions, including polymer, other electrolytes, and non-
electrolytes.

Figure 1B.7: Ultrasonic sound velocity
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Conclusions

This article represents a summary of a few experimental techniques/methods used for
the characterization of micellar surfactant systems. These methods are easy to
understand and available in most research institutes to measure various parameters
involved in these techniques that help optimize the micellar system.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

Tejas P. Joshi; A Short History and Preamble of Surfactants; International
Journal of Applied Chemistry, Volume 13, Number 2 (2017) pp. 283-292.
https://www.ripublication.com/ijac17/ijacvl3n2_10.pdf

I.L. Lucena, J.D.S. Canuto, A.L.P.F. Caroni, J.L.C. Fonseca, A.A. Dantas Neto,
T.N. Castro Dant; Characterisation of nonionic surfactant micellar structures in
organic solvents by small angle X-ray scattering (SAXS); Colloids and Surfaces
A: Physicochemical and Engineering Aspects, Volume 408 (2012) Pages 48-
56. https://doi.org/10.1016/j.colsurfa.2012.05.017

Nikunj Dave & Tejas Joshi; A Concise Review on Surfactants and Its
Significance; International Journal of Applied Chemistry, Volume 13, Number
3(2017) pp. 663-672. https://dx.doi.org/10.37622/1JAC/13.3.2017.663-672

Dhruvi Patel, Rabindranath Jana, Min-Hsuan Lin, Ketan Kuperkar, Debabrata
Seth, Li-Jen Chen, and Pratap Bahadur; Revisiting the salt-triggered self-
assembly in very hydrophilic triblock copolymer Pluronic® F88 using
multitechnigque approach; Colloid and Polymer Science 299 (2021): 1113-1126.
https://doi.org/10.1007/s00396-021-04833-6.

Mukherjee, Partha, Susanta K. Padhan, Sukalyan Dash, Sabita Patel, and Bijay
K. Mishra; Clouding behaviour in surfactant systems; Advances in colloid and
interface science 162, no. 1-2 (2012): 59-79.
https://doi.org/10.1016/j.cis.2010.12.005.

Nikunj Dave, Tejas Joshi; Cloud point analysis: Influence of additives on
polysorbate; Journal of Dispersion Science and Technology, 39 (4), (2018) 548—
551. https://doi.org/10.1080/01932691.2017.1334563

Yadav, Sanjay Kumar, Kushan Parikh, and Sanjeev Kumar; Mixed micelle
formation of cationic gemini surfactant with anionic bile salt: a PAH
solubilization study; Colloids and Surfaces A: Physicochemical and
Engineering Aspects 522 (2017): 105-112.
https://doi.org/10.1016/j.colsurfa.2017.02.048.

Khan, Zaheer, Maqgsood Ahmad Malik, Shaeel Ahmed AL-Thabaiti,
Abdulmohsen Alshehri, and Firdosa Nabi; Micellization and thermodynamic
properties of cationic surfactant cetyltrimethylammonium bromide in non-
aqueous mixture of lauric acid; Int. J. Electrochem. Sci 12 (2017): 4528-4542.
https://doi.org/10.20964/2017.05.53.



Analytical Tools for Characterization of the Micellar Surfactant System 107

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Wu, Ning, Jialin Dai, and Fortunato J. Micale; Dynamic surface tension
measurement with a dynamic Wilhelmy plate technique; Journal of colloid and
interface science 215, no. 2 (1999): 258-269.
https://doi.org/10.1006/jcis.1999.6270.

Luo, Rong, Derun Zhang, Zhe Zeng, and Robert L. Lytton; Effect of surface
tension on the measurement of surface energy components of asphalt binders
using the Wilhelmy Plate Method; Construction and Building Materials 98
(2015): 900-909. https://doi.org/10.1016/j.conbuildmat.2015.08.125.

Volpe, Claudio Della, and Stefano Siboni; The Wilhelmy method: a critical and
practical review; Surface Innovations 6, no. 3 (2018): 120-132.
https://doi.org/10.1680/jsuin.17.00059

Pandya, Niki, Gajendra Rajput, Devi Sirisha Janni, Gayathri Subramanyam,
Debes Ray, Vinod Aswal, and Dharmesh Varade; SLES/CMEA mixed
surfactant system: Effect of electrolyte on interfacial behavior and
microstructures in aqueous media; Journal of Molecular Liquids 325 (2021):
115096. https://doi.org/10.1016/j.molliq.2020.115096.

Omar, Qazi Mohammed, Jean-Noél Jaubert, and Javeed A. Awan; Densities,
apparent molar volume, expansivities, Hepler’s constant, and isobaric thermal
expansion coefficients of the binary mixtures of piperazine with water,
methanol, and acetone at T= 293.15 to 328.15 K; International Journal of
Chemical Engineering 2018 (2018). https://doi.org/10.1155/2018/8689534.

Godhani, Dinesh R., Anand A. Jogel, Vishal B. Mulani, Anil M. Sanghani,
Nipul B. Kukadiya, and Jignasu P. Mehta; Effect of temperature and solvent on
molecular interactions of 1, 2, 4-triazole derivative; Asian Journal of Research
in Chemistry 11, no. 1 (2018): 32-36. http://dx.doi.org/10.5958/0974-
4150.2018.00007.X.

Sannaningannavar, F. M., Shivaram N. Patil, R. M. Melavanki, B. S. Navati,
and N. H. Ayachit; Ultrasonic study of thermo-acoustic parameters of the
polysorbate 20, 40, 60 and 80 liquid surfactants at different temperatures;
Journal of Molecular Liquids 196 (2014): 244-248.
https://doi.org/10.1016/j.molliq.2014.03.039



