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2.5: Zeta Potential Analysis

Introduction

The physical properties of colloids (nanoparticles) and suspensions are strongly dependent on the nature and extent of the particle-
liquid interface. The behavior of aqueous dispersions between particles and liquid is especially sensitive to the ionic and electrical
structure of the interface.

Zeta potential is a parameter that measures the electrochemical equilibrium at the particle-liquid interface. It measures the
magnitude of electrostatic repulsion/attraction between particles and thus, it has become one of the fundamental parameters known
to affect stability of colloidal particles. It should be noted that that term stability, when applied to colloidal dispersions, generally
means the resistance to change of the dispersion with time. Figure 2.5.1 illustrates the basic concept of zeta potential.
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Figure 2.5.1 Schematic representation of the ionic concentration and potential difference as a function of distance from the charged

surface of a particle suspended in a dispersion medium.
From the fundamental theory’s perspective, zeta potential is the electrical potential in the interfacial double layer (DL) at the
location of the slipping plane (shown in Figure 2.5.1 ). We can regard zeta potential as the potential difference between the
dispersion medium and the stationary layer of the fluid attached to the particle layer. Therefore, in experimental concerns, zeta
potential is key factor in processes such as the preparation of colloidal dispersions, utilization of colloidal phenomena and the
destruction of unwanted colloidal dispersions. Moreover, zeta potential analysis and measurements nowadays have a lot of real-
world applications. In the field of biomedical research, zeta potential measurement, in contrast to chemical methods of analysis
which can disrupt the organism, has the particular merit of providing information referring to the outermost regions of an organism.
It is also largely utilized in water purification and treatment. Zeta potential analysis has established optimum coagulation conditions
for removal of particulate matter and organic dyestuffs from aqueous waste products.

Brief History and Development of Zeta Potential

Zeta potential is a scientific term for electrokinetic potential in colloidal dispersions. In prior literature, it is usually denoted using
the Greek letter zeta, Z, hence it has obtained the name zeta potential as Z-potential. The earliest theory for calculating Zeta
potential from experimental data was developed by Marian Smoluchowski in 1903 (Figure 2.5.2 ). Even till today, this theory is
still the most well-known and widely used method for calculating zeta potential.
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Figure 2.5.2 Portrait of Polish physicist Marian Smoluchowski (1872-1917) pioneer of statistical physics.

Interestingly, this theory was originally developed for electrophoresis. Later on, people started to apply his theory in calculation of
zeta potential. The main reason that this theory is powerful is because of its universality and validity for dispersed particles of any
shape and any concentration. However, there still some limitations to this early theory as it was mainly determined experimentally.
The main limitations are that Smoluchowski’s theory neglects the contribution of surface conductivity and only works for particles
which have sizes much larger than the interface layer, denoted as k; (1/k is called Debye length and a is the particle radius).

Overbeek and Booth as early pioneers in this direction started to develop more theoretical and rigorous electrokinetic theories that
were able to incorporate surface conductivity for electrokinetic applications. Modern rigorous electrokinetic theories that are valid
almost any ka mostly are generated from Ukrainian (Dukhin) and Australian (O’Brien) scientists.

Principle of Zeta Potential Analysis

Electrokinetic Phenomena

Because an electric double-layer (EDL) exists between a surface and solution, then any relative motion between the rigid and
mobile parts of the EDL will result in the generation of an electrokinetic potential. As described above, zeta potential is essentially
a electrokinetic potential which rises from electrokinetic phenomena. So it is important to understand different situations where
electrokinetic potential can be produced. There are generally four fundamental ways which zeta potential can be produced, via
electrophoresis, electro-osmosis, streaming potential, and sedimentation potential as shown from Figure 2.5.3.

DP = Disperse Phase _______ LP = Liquid Phase
/-/ ;‘\

Electrophoresis | Electro-Osmosis.
DP — in Movement | DP — Stationary
LP — Stationary | LP — in Movement

“Applied
electrical field
causes movement

Zeta
Potential
Mechanical force

results in electric /g oi :
! Sedimentation
Lot Potential

DP — in Movement
LP - Stationary

Streaming
Potential it
DP — Stationary

LP — in Movement

E—— Particle Sciences

Figure 2.5.3 Relationship between the four types of electrokinetic phenomena (www.americanpharmaceuticalrev...2-
Measurement/)

Calculations of Zeta Potential

There are many different ways of calculating zeta potential . In this section, the methods of calculating zeta potential in
electrophoresis and electroosmosis will be introduced.

Zeta Potential in Electrophoresis
Electrophoresis is the movement of charged colloidal particles or polyelectrolytes, immersed in a liquid, under the influence of an

external electric field. In such case, the electrophoretic velocity, v, (ms) is the velocity during electrophoresis and the
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electrophoretic mobility, ue (m 2 V "'s 1) is the magnitude of the velocity divided by the magnitude of the electric field strength.
The mobility is counted positive if the particles move toward lower potential and negative in the opposite case. And therefore, we
have the relationship ve= ucE, where E is the externally applied field.

Thus, the formula accounted for zeta potential in electrophoresis case is given in EQ, where € is the relative permittivity of the
electrolyte solution, g is the electric permittivity of vacuum and n is the viscosity.
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There are two cases regarding the size of ka:

1. xa < 1: the formula is similar, 2.5.3.
2. ka > 1: the formula is rather complicated and we need to solve equation for zeta potential, 2.5.4, where y* = e( /KT, mis
about 0.15 for aqueous solution.
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Zeta Potential in Electroosmosis

Electroosmosis is the motion of a liquid through an immobilized set of particles, a porous plug, a capillary, or a membrane, in
response to an applied electric field. Similar to electrophoresis, it has the electroosmotic velocity, Ve, (ms ' ) as the uniform
velocity of the liquid far from the charged interface. Usually, the measured quantity is the volume flow rate of liquid divided by
electric field strength, Qeo,E (m*V "''s 1) or diveided by the electric current, Qeo,I (m 2 C "1 ). Therefore, the relationship is given

by 2.5.5.
Qeo: //erds (255)

Thus the formula accounted for Zeta potential in electroosmosis is given in EQ.
As with electrophoresis there are two cases regarding the size of ka:
e Kka >>1 and there is no surface conduction, where Ac is the cross-section area and KL is the bulk conductivity of particle.

e ka<1,2.5.6,where Au = g—L is the Dukhin number account for surface conductivity, K is the surface conductivity of the

particle.
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n  Kp(1+2Au)

Relationship Between Zeta Potential and Particle Stability in Electrophoresis

Using the above theoretical methods, we can calculate zeta potential for particles in electrophoresis. The following table
summarizes the stability behavior of the colloid particles with respect to zeta potential. Thus, we can use zeta potential to predict
the stability of colloidal particles in the electrokinetic phenomena of electrophoresis.

Table 2.5.1 Stability behavior of the colloid particles with respect to zeta potential.

Zeta Potential (mV) Stability behavior of the particles
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0to 5 Rapid Coagulation or Flocculation
+10 to £30 Incipient Instability

+30 to +40 Moderate Stability

+40 to +60 Good Stability

More than +61 Excellent Stability

Instrumentation

In this section, a market-available zeta potential analyzer will be used as an example of how experimentally zeta potential is
analyzed. Figure 2.5.4 shows an example of a typical zeta potential analyzer for electrophoresis.
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Figure 2.5.4 Typical zeta potential analyzer for electrophoresis.

The inside measuring principle is described in the following diagram, which shows the detailed mechanism of zeta potential
analyzer (Figure 2.5.5).
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Figure 2.5.5 Mechanism of zeta potential analyzer for electrophoresis (zeta potential measurement, Microtec Co.,

Ltd.,http://nition.com/en/products/zeecom_s.htm )
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When a voltage is applied to the solution in which particles are dispersed, particles are attracted to the electrode of the opposite
polarity, accompanied by the fixed layer and part of the diffuse double layer, or internal side of the "sliding surface". Using the
following formula below of this specific Analyzer and the computer program, we can obtain the zeta potential for electrophoresis
using this typical zeta potential analyzer (Figure 2.5.6.

¢ = Zeta Potential (mV)
5 = Viscosity of Solution
& = Dielectric Constant

= m x U %300x300x1000 U I‘W : Electrophoretic Mobility
) &
v = Speed of Particle (cm/ sec)

V = Volage (V')

L = The distance of Electorode
Figure 2.5.6 Experimental formula of calculation of Zeta potential for electrophoresis (Zeta potential Measurement, Microtec Co.,
Ltd.,http://nition.com/en/products/zeecom_s.htm )
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