
   

Bistua: Revista de la Facultad de Ciencias

Básicas

ISSN: 0120-4211

revistabistua@unipamplona.edu.co

Universidad de Pamplona

Colombia

Hincapie, D.; Kreuzer, H.J.; Garcia-Sucerquia, J.

Medición del Potencial Zeta Por Microscopía Holográfica Digital En Línea

Bistua: Revista de la Facultad de Ciencias Básicas, vol. 8, núm. 2, 2010

Universidad de Pamplona

Pamplona, Colombia

Disponible en: http://www.redalyc.org/articulo.oa?id=90319342010

   Cómo citar el artículo

   Número completo

   Más información del artículo

   Página de la revista en redalyc.org

Sistema de Información Científica

Red de Revistas Científicas de América Latina, el Caribe, España y Portugal

Proyecto académico sin fines de lucro, desarrollado bajo la iniciativa de acceso abierto

http://www.redalyc.org/revista.oa?id=903
http://www.redalyc.org/articulo.oa?id=90319342010
http://www.redalyc.org/comocitar.oa?id=90319342010
http://www.redalyc.org/fasciculo.oa?id=903&numero=19342
http://www.redalyc.org/articulo.oa?id=90319342010
http://www.redalyc.org/revista.oa?id=903
http://www.redalyc.org


Revista Bistua 
Facultad de Ciencias Basicas 

Universidad de Pamplona 
Pamplona-Colombia 
Vol 8 (2),2010 

 

Medición del Potencial Zeta Por Microscopía Holográfica Digital 
En Línea 

 
 

Zeta Potential Measurement With Digital In-Line Holographic 
Microscopy  

 
D. Hincapiea,c, H.J. Kreuzerb and J. Garcia-Sucerquiaa* 

 
aEscuela de Física, Universidad Nacional de Colombia Sede Medellín. A.A. 3840, Medellín 

– Colombia. 
 bDepartment of Physics and Atmospheric Science, Dalhousie University, Halifax, NS B3H 

3J5 Canada 
cInstituto Tecnológico Metropolitano, Medellín – Colombia. jigarcia@unal.edu.co 

 
 

RESUMEN 

Sistemas coloidales como pinturas, tintas, leche, helados, fluidos biológicos y la sangre 
hacen parte de nuestra vida diaria. En los proceso de su formulación y entendimiento la 
medida experimental de la propiedad física potencial Zeta juega un papel crucial; el valor 
absoluto del potencial Zeta clasifica los sistemas coloidales en estables o inestables y su 
valor es determinado por medio de equipos costosos y no portátiles. En este trabajo se 
presenta el uso de la Microscopia Holográfica Digital en-Línea (MHDL) para la medida de 
potencial Zeta en sistemas coloidales de partículas micrométricas. Los resultados 
obtenidos concuerdan con los medidos en un equipo comercial, lo cual sumado a la 
portabilidad de MHDL, potencializa este método en una opción muy atractiva para el 
estudio in-situ de la estabilidad de sistemas coloidales. 
Palabras Clave: Microscopia Holográfica Digital en Línea; sistemas coloidales; potencial 
zeta.  
 
ABSTRACT 

Colloidal systems like, paints, inks, milks, ice-crems, biologic fluids and blood are found in 
the everyday life. In the process of their formulation and understanding the measurement of 
the physical property Zeta potential plays a key role; the absolute value of Zeta potential 
allows for the classification of colloidal system between stable or instable and its value is 
determined through costly, bulky and non portable equipments. In this work we present the 
use of Digital In-line Holographic Mircroscopy (DIHM) for the measurement of the Zeta 
potential in colloidal systems of micro-sized particles. The obtained results agree with those 



reported by commercial a commercial device, which added to the portability of DHIM make 
this alternative a very attractive option for in-situ studies of colloidal stability. 
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1. BACKGROUND 

 

Colloidal systems, such as milk, paints, inks etc are fine dispersions of micron- and 
submicron-sized particles in a solute such as water. An important feature of their formulation 
is their stability since it determines whether or not processes such as flocculation and 
sedimentation can or cannot occur (L. L. Schramm, 2005). In aqueous media many of the 
colloid dispersions carry electric charges which, subject to external fields, give rise to 
electrokinetic effects (L. L. Schramm, 2005). Along their paths the charged particles drag 
ions within a boundary of some extension with those outside the boundary unaffected. The 
potential at this boundary is called the zeta potential and its magnitude gives an indication of 
the stability of the colloid. The simplest way to control the movement of such charged 
particles is by applying a controlled electric field over the colloidal system; the resulting 
effect is known as electrophoresis and the exhibited velocity of the particle is the 
electrophoretic velocity. The Smoluchowski model relates the electrophoretic velocity   

(cm s-1) to the zeta potential  (mV) through (L. L. Schramm, 2005): 
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with  (poises) the viscosity of the colloidal suspension,  the dielectric constant of the 

solution and E (V cm-1) the applied electric field. Particles with zeta potentials more positive 
than +30 mV and more negative than -30 mV are normally considered stable. Several 

methods are found in the literature to measure  (L. L. Schramm, 2005). Those based on 
compound microscopy or laser Doppler velocimetry are the more widely employed due to 
their accuracy and reliability; however, they are not easily portable. 
The proven features of Digital In-line Holographic Microscopy (DIHM), namely high spatial 
and temporal resolution (~light wavelength and video rates, respectively), portability and the 
digital management of the data (J. Garcia-Sucerquia, et al, 2006), (J. Garcia-Sucerquia, et 
al, 2006), including four-dimensional tracking of particles (W. Xu, et al, 2003), make this 
microscopy technique an attractive option for velocimetry experiments at the submicron 
scale, hence measurement of the zeta potential. Figure 1 shows a schematic setup of this 



application of DIHM. A coherent light source (low power laser, wavelength ) is focussed 

onto a pinhole, of diameter comparable to , to produce a point source. The emerging 
spherical wavefront illuminates a chamber located a distance z away. The chamber, which 
contains the colloidal suspension, is a glass trough with Platinum electrodes at its ends 
maintained at a potential difference, to produce an electric field along its length. The moving 
particles scatter light from the spherical wavefront. This weak scattered wave interferes with 
the strong unscattered reference wave and is recorded by a CCD or CMOS camera, located 
at a much larger distance, L, from the source, creating a magnified in-line holographic image 
of the suspension traversed by the recorded light. This recorded intensity is transferred to a 
computer for subsequent processing. 

 

 

Figure 1. Schematic setup of Digital In-line Holographic Microscopy for zeta potential 
measurement. 

 

The scattered wavefront is retrieved by calculating the diffraction of the conjugate 
unscattered wavefront when it illuminates the hologram. In DIHM this reconstruction process 
is described by the Kirchhoff-Helmholtz transform of the hologram (J. Garcia-Sucerquia, et 
al, 2006). 

   2 exp[ / ]
screen

K d I ik r ξ r ξ ξ .       (2) 

The integration extends over the screen with coordinates ξ=(X,Y,L); L is the distance from 
the pinhole to the center of the screen, 2 /k    is the wave number. For particle 

velocimetry  ξ
~
I  is a composite hologram, constructed as in references (W. Xu, et al, 2003) 

and (J. Garcia-Sucerquia, et al, 2008), by adding and subtracting sequences of many 
holograms recorded at regular time intervals taken as a film. The result is a single hologram 
containing all the spatial and temporal information about particles moving in the field of view. 



Next K(r) is calculated for different distances, zr, from the point source (pinhole), to produce 
a three-dimensional track of the spatial positions in time of all the particles. 

 

2. ZETA POTENTIAL MEASUREMENT VIA DIGITAL IN-LINE HOLOGRAPHIC 
MICROSCOPY 

In this work DIHM has been applied to measure the stability of Wallostonite in water. This 
colloidal system has a wide range of applications, biocompatible coatings being an example, 
and its stability is a critical feature in the coating process. We prepared the system with 

distilled water at a pH= 5.64 and at 25.8 C, with conductivity of 2.5 S/cm at a concentration 

of 30 ppm of Wallostonite. To check the results on the zeta potential obtained with DIHM, 

we have used a LDV system [zetasizer from Malvern]; for this we obtained (-23.35.9) mV 
as an average result.  

We now turn to the DIHM measurements. Charging the Platinum electrodes in the glass 
trough creates an electric field which in turn causes an electro-osmotic flow of the bulk water 
(L. L. Schramm, 2005), which propels charged particles. The latter are of course also 
directly affected by the external field. Since the zeta potential depends only on the 
electrophoretic velocity, the unwanted effect of the electro-osmotic flow must be isolated. 
This can be done by finding the steady state layers of the flow (D. Hincapié, 2008). It has 
been shown that these layers are located within a quarter of the width of the flow chamber 
from its walls (J. Masliyah, et al, 2006). This is easy to locate with DIHM. We have used a 
green laser (λ = 532 nm) illuminating a 0.5 µm diameter pinhole and a CMOS camera of 2 
megapixels and an area of 6.86x6.86 mm2. 

Figure 2 shows how the zeta potential is measured in DIHM. Panel A shows the composite 
(W. Xu, et al, 2003), (J. Garcia-Sucerquia, et al, 2008), hologram obtained by adding and 
subtracting 14 holograms taken at time intervals of 1.42 s. Reconstruction of this hologram 
produces the “real” image shown in Panel B; the particle tracks show the 14 subsequent 
positions of a specific colloidal particle. Panel C shows the reconstructed image for another 
measurement, it clearly outlines the aspherical shape of the colloidal particles. Knowing the 
time difference (1.42 s) and the length scale we can determine the electrophoretic velocities 
of various particles. We get as an average (10.1 ± 0.3) µm/s, which inserted into (1) leads to 

a zeta potential of (-22.580.63) mV, very close to the LDV measurement. Note that the 
uncertainty is an order of magnitude smaller with DIHM.  



 

Figure 2. Zeta potential measurement with DIHM. Panel A, composite hologram of 14 
individual holograms taken 1.42 s apart, and its reconstruction in panel B. Panel C shows 

the reconstruction for a different sample. Averaging over samples leads to an 
electrophoretic velocity of (10.1 ± 0.3) µm/s 

 

A unique feature of DIHM is that it allows measuring the zeta potential for individual 
particles, whereas LDV measurements average over many particles in the sample volume. 
Another advantage of DHIM for this application is the fact that one automatically gets 
information on particle size and shape and on the details of particle trajectories. As an 
example, the particles shown in Panel B are roughly spherical with a diameter of about 1µm, 
whereas some tiny particles visible in Panel C are submicron in size. The possibility of 
measuring Zeta potential for individual particles set DIHM as a tool with exceptional 
capabilities to measure Zeta potential on multi-dispersed suspensions. The individual track 
of the particles allows for morphological and size characterization of the colloidal system. 
The direct consequence of the latter features is the reduce uncertainty on the experimental 
results. 

 



 

Figure 3. Comparison of Zeta potential measurement with DIHM and LDV. The uncertainty 
on the experimental results are at least 30% smaller with DIHM than with LDV. 

For better verifying the performance of the measurement of Zeta potential with DIHM, 
different samples have been prepared and measured their Zeta potential to be contrasted 
with the results obtained with LDV approach, see Figure 3. Some samples have been just 
modified on their pH value to verify the sensitivity of this approach to changes on Zeta 
potential induced by changes on pH. The agreement between the experimental results 
obtained with DIHM and LDV validates the proposed methodology as a tool for 
measurement Zeta potential. Further, the measurement of Zeta potential for individual 
particles performed by DIHM renders on experimental results with smaller experimental 
error than those obtained with LDV. The later approach sees the colloidal system as a 
homogeneous ensemble of spherical particles in a solute and based upon these 
assumptions Zeta potential calculated. These considerations are not commonly fulfilled by 
real systems and the net results are experimental data with uncertainties close to the 33% or 
higher of the central value. DIHM overcomes this disappointing result and provides 
experimental results that agree with those from LDV and that hold uncertainties at least 30 
% smaller than those provide by the commercial devices. 



 

3. CONCLUSIONS 

Digital In-line Holographic Microscopy (DIHM) has been used to determine the Zeta 
potential of colloidal suspensions. Agreement with measurements with a conventional LDV 
instrument is excellent. Some advantages of using DIHM are as follows: 

DIHM is simpler and cheaper than LDV instruments. 

DIHM is compact and robust so that portable instruments are available for in-situ 
measurements. 

DIHM visualizes particle tracks and also the size, shape and morphology of colloidal 
particles. Thus more information, even at the local level within the sample, is available 
without any extra effort or expense. 

Employing a tuneable laser colloidal particles of different composition can be identified. 
Thus DIHM is a competitive technique to carry our in-situ studies of colloids. 
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