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Zeta potential - Back to basic!
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Introduction!

Charged( particles( in( liquid( medium( are(
complex(systems(being(studied(for(quite(a(
long(time.((The(understanding(and(control(
of( charge( properties( of( colloids( is( subject(
for( novel( discovery( as(much( as( industrial(
process( management.( Unfortunately,(
complexity( of( models( and( real( world( of(
colloids(make(that(charge(of(colloids(often(
misinterpreted.( Here( we( propose,( under(
CORDOUAN( lighthouse( lighting,( a( back( to(
basic(note( to(clarify(Zeta(potential(underB
standing(by(sailing(up(the(stream(of(origiB
nal(development(of( laser(Doppler(electroB
phoresis.( After( recalling( how( and(what( is(
really( measured( in( Zeta( potential( measB
urement( system,( we( then( explain( how(
these( measurements( relate( to( particle(
interactions(and(to(colloids(stability.(

Electrophoresis!physical!principles!

Electrophoresis( phenomenon( exists( beB
cause( particles( in( liquid( are( charged.( The(
principle( of( measurement( consists( in( apB
plying( a( constant( amplitude( electric( field(
(!)( to(the(colloidal(solution.(The(resulting(
electrostatic(force((!!)(induces(a(motion(of(
the( particles( with( a( charge( q( along( the(
field(direction.( In(addition,( in(a( liquid(meB
dia,( the( moving( particles( will( undergo( a(
friction( force( (!! )( opposite( and( proporB
tional( (!)( to( their( speed( (!)( direction( as(
illustrated(on(Figure(1.(After( an( initial( acB
celeration(phase,( the(two(forces(canceled(
each(other(when(the(particles(reach(a(staB
ble,(constant(speed(limit((!!"#!)(given(by:(

!!"# = !
! !( (1)(

(

(

Figure(1:(Forces(on(positively(charged(particle(in(a(liquid,(
moving(under(electric(field.(

The(factor(! !,(called(the(electrophoretic(
mobility(!!,( is( the( capacity( for( a( charged(
particle(to(move(in(a(fluid(under(the(action(
of( an( electric( field.( The( electrophoresis(
measurement( principle( is,( by( optical(
means,(to(measure! the(Doppler(frequency(
shift(generated(by(the(speed(of( the(partiB
cle( to( get( !!"#! (and( thus,( knowing( the(
electric(field(!,(determine(the(electrophoB
retic(mobility.(This(!! (parameter( is(deeply(
meaningful( to( characterize( particles( beB
cause( it( doesn’t( need( any( particular( asB
sumption( about( the( charge( repartition( of(
the(particle(nor(specific(knowledge(of(parB
ticle( size( or( shape( indebted( in( the( α! paB
rameter.!(

Electrophoretic!mobility!!!(to!Zeta!
potential!relationship!

One( question( raises( at( this( point:( how(
does( electrophoretic( mobility( relates( to(
zeta( potential( and( to( particleBparticle( inB
teraction.(The(simplest(way(to(explain(that(
is(first(to(consider(the(electrostatic(potenB
tial( of( a( charged( particle( in( space( which(
fully(determines(the(interaction(with(other(
particles.( The( electrostatic( potential(!(!)(
associated( to( a( charge( q( in( space( is( deB
fined(by:(

!(!) = ! !
!"(( (2)(



Where( r( is( the( distance( to( the( center( of(
charge,(!(is(a(constant(and((!!is!the(dielecB
tric( constant( of( the( medium.( In( vacuum(
!=1/4π!and(! = !!.!This(potential(is(repreB
sented( in( Figure( 2.( The( shorter( the( disB
tance( to( the( charge( the( strongest( the( inB
teraction( (the( potential)( is.( Keeping( in(
mind( this( basic(model( let’s( continue(with(
the(measured(quantity:(the(electrophoretB
ic(mobility(!!.(

(

Figure(2:(potential(for(one(particle(of(radius(a(

If( we( assume( that( the( particles( are(
spheres(immersed(in(a(liquid(of(viscosity(!((
and( have( a( hydrodynamic( radius( R,( the(
friction( factor( α( (see( Figure) 1)( is( given(
from(the(Stokes1(relation:(

(! = 6!"#(( (3)(

From( (1),( the( electrophoretic( mobility( is(
then(given(by:(

!! = !
!!"#(( (4)(

According(to(relation((2)(one(can(define(a(
new( potential( ζ( ,( given( by( the( following(
relation:(

! = !!! !! = ! !
!!(( (5)(

(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
1(The(α(factor(for(spheres(appears(also(in(the(partiB
cle(size(measurement(by(dynamic(light(scattering(
(DLS).((

where( B( and( b( are( constant( factors,(!(is(
solvent(viscosity(and(!(is(solvent(dielectric(
constant.( ζ( has( the(dimension(of( an( elecB
trostatic(potential( like(V(for(an(equivalent(
charge(!" ((see( (2)( and( Figure) 3);( it( is(
called( the( Zeta( potential.( In( fact,( ζ( repreB
sents(the(electrostatic(potential(measured(
at(a(distance(R(from(the(center(of(the(parB
ticle.( According( to( the( Stokes(model,( the(
hydrodynamic( radius( R( of( the( particles( is(
the(physical(radius(of(the(particles(plus(the(
surrounding( ions/molecules( environment(
“stuck”( to( the( particle( (see( Figure) 3).((
Therefore,( the(potential(of( the(particle(at(
this( new( radius,( determining( the( ampliB
tude( of( interaction( with( the( other( partiB
cles,(is(a(fundamental(characteristic(of(the(
stability(of(solution.(Indeed,(the(lower(the(
zeta(potential,(the(easier(it(is(for(two(parB
ticles(to(approach(each(other(and(eventuB
ally(to(aggregate(together,(so(the(less(staB
ble(is(the(colloidal(suspension.((

(

Figure(3:(Zeta(potential(

The(last(point(to(understand(in(the(definiB
tion(of(!!is(the(signification(of(the(parameB
ter(b.(As(one(can(see( from((5),( the(deterB
mination(of(the(Zeta(potential(requires(to(
know( the( solvent( viscosity( and( dielectric(



constant.( This( reflects( that( Zeta( potential(
is(a(global(property(of( the(particle(associB
ated( to( its( surrounding( solvent( counter(
ions( layer( thus( representing( the( global(
free(net(charge(of(particles.(

Net!charge!models!

The(global(net(charge(of(particle(is(defined(
by(the(Henry(function(!(!")(that(is(correB
sponding( to( the( b( factor.( Thus,( the( full(
Zeta(potential(equation(from(Wallis(measB
urement(is:(

! = !! !! !(!")(( (6)(

!!!(is( the(Debye( length( corresponding( to(
the(size(of(the(charge(layer(that(surrounds(
the(particle(and(!(is(the(physical(radius((ie(
hard(sphere(radius)(of(the(particle((Figure)
4).(Note(that(!!! + ! = !.(By(limiting(the(
Henry( function( to( these( two( parameters,(
shape(effects(are(neglected(which( is(a(reB
alistic( assumption( for( hard( surfaces.( The(
Debye( length( !!! (is( solvent( dependent(
consequently(is(the(Henry(function.(

(

Figure(4:(Debye(length(

In(fact,(the(Henry(function(varies(between(
1(and(1.5(depending(on(the(!"(factor(valB
ue.( In( practice,( there( are( two( opposite(
situations( that( correspond( to(most(of( the(
real(experimental(case,(See(Figure)5.(First(
case:(Smoluchowski(approximation.(Henry(
function(equals(1,( corresponding( to(a(DeB
bye(length(small(compared(to(the(particle(
physical( radius.( This( case( accurately( deB
scribed( the( aqueous( type( solution.( BeB

cause( of( high( polarizability( of( aqueous(
type( solvent( molecules,( few( will( be(
enough( to( screen( the( particle( potential(
thus,(the(surrounding(layer(of(counter(ions(
attracted( and( stuck( to( particles( will( be(
small.(Second(case:(Hückel(approximation.(
Henry( function( equals( 1.5( corresponding(
to(a(Debye( length( large(compared(to(parB
ticle( size.( This( case( accurately( described(
organic(like(solvent.(Because(of(low(polarB
izability(of( organic( like( solvent(molecules,(
a(lot(will(be(needed(to(screen(the(particle(
potential( thus,( the( surrounding( layer( of(
counter( ions( attracted( and( stuck( will( be(
large.(((

(

Figure(5:(Henry(function(approximation(

The!hard!step!

The( fine( understanding( of( this( complex(
world,( opened( by( the( measurement( of(
Zeta( potential,( needs( deeper( explanation(
and( further( readings.( In( few( words,( the(
interaction( of( liquid’s( ions(with( solid( surB
face( like( particle( surface( induces( surface(
molecules( dissociation( or( charge( adsorpB
tion.( It( results( an( organization( of( charge(
near(the(solid(surface(depending(of(severB
al( properties( of( the( surface( and( solvent(
(see( Figure) 6).( This( structure( has( been(
named( the( Electrical( Double( Layer( (EDL)(
and( is( generally( described( by( the( GouyB
ChapmanBStern(model( [1B2].( It( characterB
izes( particleBparticle( interaction( thus( deB



termines( the( solution( properties( like( staB
bility,( chemical( activity,( optical( activiB
ty…etc.( Such( interactions( are( fully( deB
scribed( by( the( DLVO( theory,( named( afB
ter(Derjaguin,(Landau,( Verwey( and( OverB
beek( whom( developed( it( [3].( It( modeled(
the(electrostatic(potential(created(around(
the( particles( so( that( the( particleBparticle(
interaction( can( be( analyzed.( Even( though(
this( theory( is( complex,( the( knowledge( of(
the(Zeta(potential(is(a(global(key(to(underB
stand(stability(of(colloids(solution.((

(

Figure(6:(Electrical(double(layer(

!

Conclusion!

This(document(ought(to( introduce(a(basic(
understanding( of( Zeta( potential( with( a(
simplified( description( of( what( happen( at(
particle( interface( in( liquid.( It( shows( that(
Zeta( potential( reflects( a( particleBsolvent(
interaction.( It( results( that( the( knowledge(
of(Zeta(potential(is(a(key(factor(for(underB
standing(stability(of(colloidal(dispersion.(
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WALLIS
Zeta potential analyzer

M e a s u re m e n t
Zeta potential range -200 mV to 200 mV 

Mobility range 10-10 to 10-7 m2/V.s  

Sample concentration 0.0001% to 10% w/% (sample dependent)

Cell options Cuvette cell with optical quality windows for aqueous and organic solvents

Sample volume Typically 750 µL (Hellma cell – 10 mm light path)

Maximum sample conductivity 300 mS/cm

Sample Type Aqueous & organic solvents – pH: 1-14 (depending on cuvette cell material)

S i g n a l  p ro c e s s i n g
Measurement technology Laser Doppler Electrophoresis (LDE)

Laser source 20 mW diode @635 nm coupled to automated attenuation system. Other 
wavelengths available upon request.

Measurement angle One angle for zeta potential at 17°

Fast Fourier transform Algorithm Resolution: Mobility = 10-10 m2/V.s or  Zeta = 0,1 mV (in water)

Detector Avalanche Photodiode – APD

G e n e ra l
Temperature control range inside the 
cell

10°C to 90°C +/-0,1°C (depending on cuvette cell material)

Computer interface USB 2.0 – Windows XP, Seven

Dimensions 45 cm x 45 cm x 40 cm (HWD)

Weight 17 kg

Power 100/115/220/240 VAC, 50/60 Hz, 100 W max

S y s t e m  C o m p l i a n c e
CE certification CE marked product - Class I laser product, EN 60825-1:2001, CDRH

ISO norm ISO 13099-2 : 2012 – Colloidal system – methods for zeta-potential determination – 
Part 2 : Optical methods
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