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ABSTRACT

Deposition of colloidal particles on surfaces is important in the processing of various products as
minerals, cosmetics, detergents, and semiconductors. Several factors govern deposition making the
phenomena rather complex. The main objective of this work is to elucidate the roles of the nature of the

depositing particles and environmental conditions on deposition and to identify critical factors that
govern deposition. '

In the current study, deposition of anionic, cationic and zwitterionic latex particles on glass surface
was done as a function of deposition time, pH, and particle concentration. The charge groups on latex
particles are sulfate, carboxylic and amidine groups which are attached to the surface by hydrocarbon
chains ( referred to as “hairy groups” later). The data was subjected to theoretical treatment by
considering forces involved in the deposition of different latex particles.

While amidine latex particles ( IEP around pH 11) showed good deposition, sulfate latex particles did
not show appreciable deposition. Since the glass surface is negatively charged in the pH range (3-12) of
the deposition tests, the deposition of the opposite charged particles was as expected and conforms to
the theoretical calculations. In contrast to this, deposition in the presence of energy barrier was difficult.
However the exception were zwitterionic latex particles, which showed considerable deposition on glass
even when they were negatively charged . The deposition of zwitterionic latex particles with a negative
zeta potential similar to that of sulfate latex was contrary to the theoretical predictions. We propose that

the hairy groups on zwitterionic particles rearrange as they approach the surface to enable their
attachment.

INTRODUCTION

Deposition plays a vital role in many technological and natural processes, such as, involving drugs,1.2
cosmetics, detergents,3 paper making,4 bacterial adhesion,5 carrier flotation, colloidal contaminants
transport,6 filtration,” and semiconductors.8 The study of particle deposition is also of intrinsic interest
to the field of colloid science from a fundamental point of view.

There have been numerous studies encompassing different aspects of deposition, employing a wide
array of colloidal particles and substrates. Researchers have studied deposition of latex particles,%10.11
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Sulphur - grown cells and liquid ferrous iron grown cells exhibit different IEP values indicating differences
in their surface chemistry. A proteinaceous cell surface appendage was formed on mineral grown cells,
facilitating their adhesion. Adhesion of the bacterial cells on sulphjde mineral surfaces promote bioleaching
through the direct attack mechanism. Bacterial interaction witf sphalerite and galena influenced their

floatability. Through bacterial pretreatment, selective sep: Jon of sphalerite and galena could be
achieved.
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mineral particles,12.13 carbon black,2 bacteria and other biological colloids on various substrates such
as glass,12 polymers!2.14 and minerals.11.14 The initial deposition process is generally described by set
of transport equations, also known as Fokker Plank25 equations which take into account particle -
substrate surface interactions. During this stage a constant rate of particle deposition rate is generally
observed.!5.16 In contrast later stages of deposition are thought to be governed by desorption, surface
hetrogenity,!7 blocking of deposition sites and excluded area effects.!8 Colloidal forces dominating
deposition process!9-22 and kinetic process23.24 involved have been widely reported and reviewed.25

However there are some important issues such as, the importance of the discrete charges, and their
rearrangement which have not been yet resolved. The present study was undertaken to elucidate these
factors. The objective was to understand the influence of surface chemical features of particles and
substrates; in this context the model system was chosen specifically to incorporate the effects such as
discrete as well as rearrangable charges. Deposition of three different type of latex particles on glass
substrate was conducted and the results are discussed in terms of relevant colloidal forces present in the
system.

MATERIALS AND METHODS

Materials

The latex particles were obtained from Interfacial Dynamics Corporation spheres (IDC) were used as
received with out any further cleaning. Three different types of polymer lattices particles were
employed, namely amidine, sulfate and zwitterionic lattices. These lattices are stabilized by the charge
groups present on the surface (see Table I).

Table I: Latex Particle Specifications

Latex Type Diameter(um) Charge Group Charge Behavior
Amidine Latex 1.84 Amidine Cationic

Sulfate latex 2.04 Sulfate Anionic
Zwitterionic Latex 0.86 Amidine and Carboxyl Mixed

A schematic of the latex is shown in Fig. 1. Microscopic, frosted glass slides purchased from Fisher
Scientific company were used as substrates for the deposition of the particles.

Methods
Sample Preparation

Latex suspension preparation: In order to compare the extent of deposition, latex suspension of desired
initial particle concentration was prepared by diluting known weights of latex suspension drops with
triply distilled water with/without salt. HCl or NaOH, was added as required to adjust the pH and the
weight was adjusted to 3.0 g. The suspension was then mixed for 4 minutes using a magnetic stirrer and
desired quantity transferred onto the substrate using a micro pipette for the deposition test.
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Figure A schematic of latex particles with charge groups present on the surface ( figure not to scale).

Substrate preparation: As received slides were immersed in 1:1 Nitric acid solution for two minutes and
washed with triple distilled water and air dried in an inverted slanted position to reduce deposition of
dust particles.

Deposition

Deposition studies were carried out as a function of pH. A simple and reproducible deposition technique
based on free settling adopted for the present study involved placing of , 50 ul of the latex suspension
with the help of a micro pipette, on a precleaned glass slide. The slide was covered with a watch glass to
prevent any dust contamination and left for free settling for desired interval. The slide was then washed
with triple distilled water, air dried, and observed under-a microscope.

Zeta Potential Measurements

Electrokinetic characterization of glass slides was done by measuring streaming potential using a
Brookhaven - AP Paar Electrokinetic analyzer. The samples to be measured were taken in the
rectangular cell holder. Latex particles were characterized using Pen Kem Lazer Zee meter, model 500,
that measures electrophoretic mobility. All experiments were performed at room temperature and ionic
strength was maintained at 10 M using NaCl solution.

RESULTS AND DISCUSSIONS

The zeta potential behavior of the slide was measured using the streaming potential technique and is

illustrated in Fig. 2 as a function of pH. The substrate is negatively charged throughout the pH range of
3-12.

The zeta potential of latex particles shown in Figs. 3 and 4 as a function of pH show the sulfate latex
to be negatively charged under all pH conditions studied, and the zwitterionic latex particles and the
amidine latex to possess an isoelectric points around pH 4 and 11 respectively.
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Figure 2: Zeta potential, converted from streaming
jonic strength 10-4M
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Figure 3: Zeta potential of amidine latex particles as a function of pH, ionic strength 104 M.

Deposition of Latex Suspension

Deposition study was done as a function of the PH and the micrographs for representative cases, are
shown in Figs. 5 and 6. Glass surface is negatively charged under all test conditions and, the extent of
deposition in the case of amidine latex, is governed by it’s zeta-potential. Around the IEP as expected

the amidine latex particles had a tendency to aggregate and deposit on the slide as clumps. Above
isoelectric point, the deposition is found to decrease drastically.

Deposition on glass surface as a function of pH was also done with sulfate latex and zwitterionic latex.

In the pH range where the zwitterionic is positively charged, as expected good deposition was found.
Interestingly, above IEP under conditions when both the zwitterionic and sulfate latex particles had same
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Figure 4: Zeta potential measurement of sulfate () and zwitterionic (M) latex as a function of suspension pH, ionic
strength 10-4M.

zeta potential the former deposited well while the latter did not (see Fig. 6). It is to be noted that

deposition of zwitterionic latex particle took place even though it is similarly charged to the glass
substrate.

THEORY

The deposition was done here under free settling conditions. Assuming that there is no convective
transfer and quiescent conditions prevail throughout the deposition process. Forces associated with the
attachment of latex particles on to glass arise from the overlap of the electrical double layers of the
particle and substrate (Fe]), van der Waals forces (Fygw) and the gravitational force (Fg): Hence, the
total interaction force can be expressed as a sum of:

Fr=Fel + Fydw + Fg {1)

The hydrodynamic force between the particle and substrate is negligible under these conditions.
Expressions developed to estimate the magnitude of these interactions are discussed below.

Electrical Double Layer Interactions

Various expressions have been developed for electrical double layer overlaps in the past and differ
essentially in the choice of boundary conditions, namely, constant charge or constant potential of the
interacting surfaces during their mutual approach.26-29 The constant potential condition is suitable for
cases where electrochemical equilibrium of the potential determining ions and adsorbed species is
maintained during the interaction. Under constant charge conditions, the adsorbed or chemically bound
species that are responsible for the charge development at the interface are not regulated rapidly enough
during the approach of surfaces. These conditions are however the twoextremes and in real systems,
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both charge and potential can undergo regulation. For the purpose of this study, nonetheless, constant
charge expressions are utilized, as the charges are chemically bound to the surface.

@ ()

Figure 5: Representative deposition micrographs of amidine latex particles on glass when they are (a) positively
charged (b) near isoelctric point (c) negatively charged.
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Figure 6: Representative deposition micrographs of (a) sulfate latex particles and (b) zwitterionic latex particles on
glass when both particles were similarily charged to the glass.

For the case when the radius of particle, T, is much smaller than the radius of curvature of the
substrate, rg, Fe| , based on the model by Hogg et al.29can be expressed as:30

cxp(« fp H ) (2)

F,= 4z enx {p §s {1+ exp(=x o))
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where C is the electrokinetic potential of particle, &, is the electrokinetic potential of substrate, x is the

debye parameter, € is the permittivity (= 78.54 x 8.8542 x 10-'? at 25°C) F/m and H is the approach
distance.

van der Waal’s Interactions

For the case of a flat plate (1) and a sphere with radius rp (2) that interact across a medium (3) the
following equation is a satisfactory approximation:30

Fuiw = - A2 ®
6 rpH

where Aj; is the effective Hamaker constant for two materials ( and 2) in a medium (3) and can be
expressed as:31

A132 ~ (JA11 - A3 ( Ja22- Y433 @

where A, A;, A,, are the Hamaker” constants for the materials (1 and 2) and the medium (3)
respectively.

Gravitational Force

The gravity force acting on the particle, neglecting the resistive force by the medium is:32
Fg = -3 % 1 (pp - p)) ®
Where p, is the particle density , p, is the density of medium and g is the gravitational force

THEORETICAL CALCULATIONS

The calculated forces for the amidine, zwitterionic and sulfate latex are shown Figs. 7, 8 and 9. Typical
values used for the calculation are also shown in Table II.

Table 11: Typical Parameters used for the Calculation of Interaction Forces for the Latex Particles

Type of Latex Hamaker constant, A}32 Zeta - Zeta Debye length
(inJ) potentialpayticles  potential Sypstrate in nm
(inmV) (in mV)
Amidine 45x10-21 +40.0 -20.0
Sulfate 45x10-21 -40.0 -20.0 30

Zwitterionic 45x10-21 -40.0 -20.0 30
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Figure 7: Interaction force between amidine latex particles and glass surface as a function of approach distance
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Figure 8: Interaction force between sulfate latex particles and glass surface as a function of approach distance.

As expected for the Amidine latex deposition, an attractive force prevails at all distances of
approaches when the latex is positively charged. Gravitational force, though negligible compared to the
double layer and van der Waals forces, also assists the deposition. The sulfate latex particles and the
substrate are similarly charged and thus an energy barrier is encountered due to electrostatic repulsion
when they approach the substrate. The energy barrier is also substantially more than kT, preventing any
thermal or diffusional escape of the particles. Under the present deposition scheme the only external
force is the gravitational one and thus is negligible compared to the barrier and hence deposition is not

feasible.

For zwitterionc latex, the conditions are very much the same as that for the sulfate latex and once
again an energy barrier is encountered. This barrier is also substantially more than kT and again the
gravitational pull is negligible compared to the barrier.
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Figure 9: Interaction force between zwitterionic latex particles and glass surface as a function of approach distance.

Based on these calculations, it is expected that zwitterionic particles should behave similar to the
sulfate latex and deposition should not be feasible under the present deposition scheme. Quite contrary
to this, a good amount of deposition was observed in this study.

UNCONVENTIONAL DEPOSITION OF ZWITTERIONIC LATEX PARTICLES

As seen from both the experimental and the theoretical calculations, zwitterionic particles deposit in an
unexpected fashion. Deposition of colloids on similarly charged substrates is not new particularly in the
biological field. There are several examples where negatively charged bacteria would deposit on a
negatively charged surface. Similar behavior by the mixed charge latex is interesting since it can
indicate possible mechanisms for such natural nrocesses. We propose that the mixed charge groups
present on the latex surface rearrange in such a manner such that the positive charge sites are extended
and the negative ones retracted. Thus even though the over all average zeta potential is negative, the
hairy charges are proposed to rearrange when the two surfaces can feel each other; the schematic of this
is shown in Fig. 10. ‘

Figure 10: Schematic of proposed rearrangement of mixed charges on a zwitterionic latex particle as it approaches a
similarly charged surface.
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SUMMARY

Conventional deposition was found for amidine and sulfate latex particles. The electrostatic forces play
a dominant role in the deposition in these systems. The presence of an attractive electrostatic force leads
to a favorable deposition of amidine latex particles whereas that of a repulsive electrostatic force,
deposition was difficult for sulfate latex.

Zwitterionic particles behaved in an unconventional fashion and in spite of the presence of an
apparent electrostatic repulsion, good deposition was observed. Modification and rearrangement of the
mixed hairy charge groups are proposed to bring about this effect.
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