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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

Zeta-potential is a parameter that can be used to predict the long term stability of suspensions and emulsions
and to study surface morphology and adsorption on particles and other surfaces in contact with a liquid. Zeta-
potential is not a directly measurable parameter. It can be determined using appropriate theoretical models
from experimentally determined parameters, such as electrophoretic mobility. Optical methods, especially
electrophoretic light scattering, have been widely used to determine electrophoretic mobility of particles or
macromolecules in suspension or in solution. The purpose of this part of ISO 13099 is to provide methods for
measuring electrophoretic mobility using optical means and for calculating zeta-potential.
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3.1
For

31.

Brownian motion

prehensive overview of the theory.

Scope

part of ISO 13099 specifies two methods of measurement of electrophoretic mobility

determination of zeta-potential can be achieved from measured electrephoretic mobility u
retical models, which are described in detail in ISO 13099-1.

Normative references

following referenced documents are indispensable forythe application of this document
Frences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

130991, Colloidal systems — Methods for-zéta-potential determination — Part 1: Electroa
trokinetic phenomena

Guide 30: Terms and definitions usedih-connection with reference materials

Terms, definitions and symbols

Terms and definitions

the purposes of this-document, the following terms and definitions apply.

pf particles

bended in a liquid: video microscopy and electrophoretic light-scattering, Estimation of surface charge

5ing proper

For dated
d document

coustic and

cules

randlom movement of particles suspended in a liquid cause by thermal movement of medium molg
31.2

Doppler shift

chahgeimfrequerncy and-wavetengthrof awave foramrobserver moving Tetative tothesource of th

31.3
electric surface potential
difference in electric potential between the surface and the bulk liquid

NOTE Electric surface potential is expressed in volts.
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electrokinetic potential
zeta-potential

(potential
¢

difference in electric potential between that at the slipping plane and that of the bulk liquid

NOTE

3.1.5

Electrokinetic potential is expressed in volts.

electroosmosis

motion of |
capillary or
applied fielg

3.1.6

quid through or past a charged suriace, e.g. an immobiliZzed Set of particles, a porous plu
a membrane, in response to an applied electric field, which is the result of the force exerted by
on the countercharge ions in the liquid

electroosnpotic velocity

Veo
uniform vel
NOTE i

3.1.7

beity of the liquid far from the charged interface

Flectroosmotic velocity is expressed in metres per second.

electrophgretic mobility

7
electrophor

NOTE 1 b

btic velocity per electric field strength

Flectrophoretic mobility is positive if the particles move.toward lower potential (negative electrode)

negative in the opposite case.

NOTE2 B

3.1.8

Flectrophoretic mobility is expressed in metres squared per volt second.

electrophdretic velocity

Ve

particle velgcity during electrophoresis

NOTE b

31.9

Electrophoretic velocity is expréssed in metres per second.

slipping pl
shear plan

ne in the vicinity of the liquid/solid interface where liquid starts to slide relative to the surface upder

abstract pl
influence of

3.2 Sym

ne

a shear stress

bols

0, a
the

and

a parti

leZradius

D

diffusion coefficient

electric field strength

kB
Na

Avog

Rcap

Boltzmann constant

light intensity

adro’s number

medium refractive index

capillary radius
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frequency power spectrum of scattering
characteristic Lorentzian half peak width
medium permittivity

electrokinetic potential (zeta-potential)
medium viscosity

angle between incident light and scattered light
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4

A s\
plag
with

angle between two cross-beams
reciprocal Debye length
wavelength

electrophoretic mobility
electroosmotic mobility of liquid

frequency

angle between scattered light and electric field direction

delay time in autocorrelation function
volume fraction

rotational frequency (= 2ntv)

Principles

spension of particles having a given-glectrokinetic charge is placed in a cell which has a pair of electrodes
ed some distance apart (Figure 1)(This cell can be in the form of either a cylindrical or rectangular capillary
electrodes at either end, or a _pair of electrodes at a known fixed distance apart that are dijpped into a

cuvette or other vessel. A potentialis applied between the electrodes. Due to the process of elecfrophoresis,
particles carrying a net negative/charge are drawn towards the electrode of opposite sign and vige versa. In

add
alor

tion, if the capillary walls-are charged, then an effect called electroosmosis causes the liquid to stream
g the capillary walls:The direction and velocity of this flow depends on the sign and magnitudg of the wall

chafge. The resultingcvelocity of the particle in the frame of references associated with the cell is syperposition

of the electrophoretic Velocity and the velocity of electroosmotic flow. Here it should be noted t

take
mug
cell
pos
Dop
ass

at the time

n for the partiCle to reach the terminal electrophoretic velocity after the application of the eldctric field is
h shorterthan the period of time needed to fully establish the electroosmosis flow throughoyt the whole
This difference is exploited in some implementations. The velocity of the particles measured @t a specific
tion;can be determined using either video microscope or electrophoretic light scattering thrqugh a laser
pler, arrangement. Both the velocity and the direction of the moving particles in the frame of references

n together

with the applied electric potential, then the electrophoretic mobility can be established, from which a zeta-
potential can be calculated using established theories. Alternatively, calibration with particles having a known
zeta-potential can be used to eliminate the need to determine the unknown cell constant of a particular cell.

There are two distinctively different approaches to monitor particle motion in the electric field. Historically, the
first deals with particle images observed through a microscope. It is referred to as the “microscopic method”,
or alternatively as “microelectrophoresis”. The second relies on measuring light scattered by particles and
extracting information on electrophoretic mobility from the Doppler frequency shift of the scattered light.
This method is called the “electrophoretic light-scattering method”. For optical techniques, a cell constant for
many types of cells has to be determined, through either calculation or measurement of a solution of known
conductivity.
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Figure 1 — Schematic diagram of electrophoresis measurement

scopic methods

rinciples of these methods can be traced back over two centuries (Réference [1]) following

electric field. The illuminated particles can be observed due tg, scattering. This illumination
J either as a bright field or as a dark field or both (Reference [2]). The contrast afforded by
llumination is inadequate to illuminate particles with sizes smaller than about 0,2 ym. Dark
is suitable for capturing images of moving nano-particles‘with sizes down to nanometre scale

everal approaches to the treatment of microscopic.images of the moving particles. Dependin
of operator involvement, it can be classified as_manual, semi-automatic and automatic. Ma
ck the movement of one or several individual particles by eye and a stopwatch and therefore
e consuming, tedious to employ and inaccurate.

-automatic methods, particles are tracked through a microscope manually while the appar
5 the illuminating light or moves a prism-reflecting the illuminated image of particles. When the |
locity or prism-moving velocity is semi-automatically adjusted so that the particle image as vie
scope is static, such a velocitytis the electrophoretic velocity of particles (References [3][4]). Th
b only applicable to sampleshaving a homogeneous electrophoretic mobility.

designs combining the, manual microscopic observation with automatic electrophoretic |
ignal analysis to measure samples of polydisperse electrophoretic mobility (References [5][6])

ance of modern~charge-coupled devices (CCD) and computers has made it possible to cap
nsfer the images sequentially to a computer, and then using sophisticated image analysi
trajectoriesyof particles moving under the influence of an electric field from the time-stam
s. Only-pafticles confined to video visibility can be measured. In order to record accurate mo

the
of a
can
the
field
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hual
are

Atus
ght-
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ght-

ture
5 o
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ving
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ned.

s of thermal convection and electroche

contamination. Concentration of particles shall be very low in order to track individual particles.

ctric

mical

A 90° laser scattering device is a typical optical arrangement of modern instruments. The laser serves as the
illumination of the microscope focal plane. Both laser beam and microscope axis are perpendicular to the
electric field. In Figure 2, the field direction is perpendicular to the plane of the drawing. Laser illumination and
microscope require alignment with the stationary layer to avoid electroosmosis, which is explained in Annex
A. It is necessary precisely to locate this position in order to accurately measure the electrophoretic motion of
particles (Reference [7]).
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video camera
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cell channel cross-section

Figure 2 — A typical electrophoresis video microscope

6 [Electrophoretic light-scattering (ELS) method

6.1 General

Elegtrophoretic light scattering (ELS) is an indirect ensemble method for measuring electrophorgtic mobility
via [he Doppler shifts in scattered light. In an ELS-&xperiment, coherent incident light illuminatep dispersed

pariicles in a liquid that are subjected to an applied electric field. Charged particles move toward

ano|
SCa

pariicle electrophoretic mobility distributioycan be determined. ELS provides rapid, accurate, aut

high
aqu

6.2

Mar
sani
entn
flow
spe
ligh
con
ach

He or the cathode, depending on the sign~of their net charge. Because of the motion, the f
tered light from particles is shifted due to the Doppler effect. From the frequency shift dist

ly reproducible electrophoretograms of complex particulate samples suspended in either aqug
eous media without the need te_use standard particles for calibration (Reference [8]).

Cell design

y designs of measdrement cell have been employed. All cells have at least three functions:
ple containing the“particles to be measured; supplying an electric field to the sample; and
ance and an exit for the incident light and scattered light, respectively. Some cells are designe
capability se.that automatic titration can be performed with an additional device. In some imple
Cial cell designs, e.g. utilizing a transparent electrode and multiple refraction for both incident ar
(Reference [9]), have been implemented to facilitate measurements of electrophoretic mobility
Centrations. The electric field at the place of measurement shall be stable, homogenous, and

s either the
equency of
ibution, the
bmatic, and
ous or non-

holding the
roviding an
i with liquid
mentations,
d scattered
At moderate
parallel. To
Lvette cells,

eve that, either the two electrodes have to be placed very close to each other, in the case of ¢

or the field path has to be confined, in the case of capillary cells. The voltage applied to the electrodes induces
a current in the liquid if ions are present. This current can well be sufficiently high to cause Joule—Thompson
heating of the liquid and lead to electrolysis at the electrodes. Therefore, choosing an appropriate type of cell
and electrode material, sufficiently prompt temperature control, and properly applied field duration and field
strength are all important factors to ensure correct and reproducible results.

To reduce polarization on the electrodes and maintain homogenous distribution of particles in the sample,
the applied field direction is regularly reversed with an intervening off-time to minimize heating effects. In
capillary cells, because of electroosmosis of liquid caused by charges on the walls, particles do not move in
a static liquid. The liquid moves in a parabolic form across the closed capillary. Measurements are therefore
taken at the so-called stationary layer where there is no liquid movement or multiple measurements are taken
across the capillary to separate the liquid movement from the electrophoretic motion of the particles. Some
implementations offer disposable cells.
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6.3 Reference beam optical arrangement

A typical ex

ample for a small angle light-scattering arrangement is shown in Figure 3.
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Figure 3 — One configuration of the:reference beam optics

ple scattering optical arrangement incorporating heterodyne detection is often employed.
ngle, typically between 15° and 30°, exploits the advantage that the spectral broadening
motion is reduced. With non-spherical particles, rotational diffusion may increase the spe
Means are provided in the measurement cell for the introduction of a pre-dispersed sample.
temperature controlled; if it is net, the temperature shall be accurately known since visco
and refractive index of the ligquid are all temperature dependent. A voltage is applied between
pf the cell, whose spacing isdefined, to set up a potential gradient. In some implementations, €
blectrodes are employed @tja defined spacing to provide a direct measure of the potential grad
coherent laser sourcé of known wavelength is split into two beams, one called the incident b
er the reference beam. The incident beam enters the cell directly or is refracted through a

merges wit

luminate particles’in the sample. The reference beam, which may or may not go through the
the scatteredylight through conventional or fibre optics at the surface of the photoelectric dete

which is either a photoruiltiplier tube or an avalanche photodiode. One or both of the laser beams pass thrd
a form of ogtical modulator to shift its frequency by a few hundred hertz from the original laser frequency so
the two bedms agquire a desired frequency difference. This moves the origin of the Doppler shift cause
the velocity|of the'particles away from zero and enables the particle moving direction to be recognized and
frequency gnvironment interference to be minimized. The detector aperture may be variable so as to co

The
due
ctral
The
Sity,
the
Xtra
ent.
bam
cell
cell,
Ctor,
ugh
that
by
low
htrol

coherent detection and the scattering volume. The detected signal is passed to a signal processing unit that
can be a digital correlator, a spectrum analyser or an amplitude-weighted phase structure function system. The
voltage applied to the measuring cell can be reversed or pulsed and reversed as determined by the processor
which also synchronizes the data collection. The final control is often by a desktop computer which calculates
the zeta-potential.

6.4 Cross-beam optical arrangement

Another now less common optical arrangement is the cross-beam method. See Figure 4. In the cross-beam
method, the main beam is split into two beams of equal intensity, the frequency of one or both beams being
modulated. The two beams are made to cross symmetrically to enter one side of the cell. A detector is located
at the other side of the cell in between the two beams. The scattering from each particle is a product of the
illumination of both beams yet at different scattering angles. The Doppler shift resulting from scattered light is

6 © 1S0 2012 — All rights reserved
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independent of either scattering angle and depends only on the cross-beam angle. Another simplified way to
view the arrangement is to understand that since the two beams are coherent, they form an interference pattern
in the cell. The spacing between these fringes depends upon the wavelength and the angle between the two
beams. The detection of electrophoretic motion is through particle movement in the strip-like fringe pattern.

An optical modulator is used to impose a movement of the fringes across the particle at some known frequency
and in a defined direction. A particle in motion through the moving fringes resulting in a measured frequency
greater than the modulator frequency indicates that its movement is against the fringe moving direction. A
measured frequency lower than the imposed fringe frequency indicates that the particle is moving in the same
direction as the fringe motion. The fringe movement is always made greater than the anticipated maximum
particle velocity. By this means, both the velocity and the direction (charge sign) are determined.

Key
beam 1 3 photoelectric detector
beam 2 4 optical modulator

N —

a8 Bcattered light.

Figure 4 — Configuration of cross-beam optics

6.5| Signal processing

6.5.1 Spectrum analysis

Corlsider a particle sample that is polydisperse both with respect to size and electrophoretic mobility. The
pariicles are undergoing-Brownian motion together with electrophoretic motion under the influence of a d.c.
field of defined strength:

The| spectrum, also ealled an electrophoretogram, for the reference beam optical arrangement cap be written
as fpllows (Reference [8]):

dmax AVsmax I..T.
S (@) < 21126 () + 21, Yo Y S

2
i=dpmin J=AVs min l_(l)i ((UM +2TAV ‘-| + Fz
T Y 7]

M

where
I is the reference beam intensity;
I ;; is the scattered intensity from particles of ith size and jth mobility;

I is the characteristic Lorentzian half peak width at half height from particles of the ith size, which for
spherical particles is related to particle diameter;

@ is the rotational frequency;
o\ s the modulator frequency;

Avs ;; is the frequency shift caused by the electrophoretic motion of particles with ith size and jth mobility.
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The symbol ¥ in the denominator denotes that there are two peaks in the spectrum. One is located in the
negative frequency region that cannot be observed and the other in the visible positive frequency region. If by
choosing a large modulator frequency, aw, so that the sum (om + 2nAvs ;) is always positive, a negative sign
can be used instead.

According to Formula (1), the electrophoretic spectrum of any particulate sample has an intrinsic broadening
caused by Brownian motion of the particles in addition to any spectrum of electrophoretic mobility velocities.
The broadening due to Brownian motion becomes more pronounced as the particle size reduces or when the
scattering angle increases. One strategy of measuring the degree of broadening of the frequency spectrum as
a result of the Brownian motion is to conduct a measurement with the applied field switched off. By subtraction
of the Brownian motion only spectrum from the total spectrum a distribution of electrophoretic mobility can in
certain circimstances be established (Reference [10]).

6.5.2 Autocorrelation function

The autocofrelation function is a Fourier transform of the frequency power spectrum. Formula (2) showg the
intensity—infensity autocorrelation function in the reference beam optics as a function of delay time, =

dmax  AVsmax

@ (o)|= 12 +21, > 2 I exp(-T; |r|)cos[(a),v| +27rAvSU)T] 2)

i=dmin J=AV s min

Figure 5 shows a typical autocorrelation function together with an electrophoretic velocity spectrum. In[ the
autocorrelafion function, the cosine wave is due to oriented electropheretic motion and the decay is duge to
random Brdwnian motion. In the spectrum, the peak location is related\to optical modulator and electrophofetic
motion of the particles, and the peak shape is caused by Brownian maotion of the particles, the mobility velgcity
spectrum apd any finite laser beam width restrictions.

O W
IS
1
T
3|2
%)
0]
Key
1 autocorrglation tracé G2(7)  autocorrelation function 7 delay time
2 spectrum S(w) frequency power o  rotational frequency
Figure 5= i i i ict ing

6.5.3 Phase analysis light scattering (PALS)

The electrophoretic mobility of some particles in a non-polar solvent is very small, resulting in very small
differences between the modulator frequency and the Doppler frequency shifts from electrophoretic motion.
Such frequency differences can be less than 1 Hz. For particles suspended in a solution of high ion concentration,
only a very small field can be applied between the electrodes before the Joule-Thompson heating affects
measurement. Therefore, again, very small Doppler frequency shifts require detection.

In these instances, because of small frequency shift, intensity or spectrum analysis of scattered light no longer
has enough resolution and phase analysis of scattered light becomes a better choice (Reference [11]). PALS
is a method of exposing the very small shift in frequency caused by the additional small frequency component

8 © 1S0 2012 — All rights reserved
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induced by the electrophoretic mobility of the particles. In PALS processing (also called amplitude-weighted
structure function processing), the modulator frequency is synthesized within the processor, to provide sine or
cosine waves. The signal detected is multiplied by the sine or cosine waves to create two derived functions:
the in-phase component and the quadrature component. The resolved arctangent vector from these two
components has an arbitrary amplitude but its rate of change is the phase difference per time.

In principle, this technique is able to resolve frequency differences as low as 0,001 Hz. However, due to noise
and other limitations, this is not generally possible. Frequency shifts as low as 0,002 Hz have been observed,
nonetheless. PALS can only provide a mean electrophoretic mobility value.

In some implementations, a combination of PALS and spectrum analysis coupled with both fast and slow

app|
eled
vall

6.5.4 Modulated Brownian motion power spectrum method

Thig
an g

of njobility is determined by a separate d.c. measurement. A single point calibration with a tracea

star

6.6
The

dep
opti

whe

ied voltage reversals is employed o both prevent cell elecirode polarization and separate-in
trophoresis and electroosmosis. By these means, both the mean value and the spectrum ofleleq
es are obtained (Reference [12]).

method utilizes a frequency spectrum analysis of the scattered light from pabticles in suspe
Iternating electric field to measure the average amplitude of particle electrephoretic mobility, w

dard is needed.

Determination of electrophoretic mobility

relation between the Doppler frequency shift of scattered light and particle electrophoretic
ends on the optical arrangement of the instrumentation."Formulae (3) and (4) apply for the refe
Cs and cross-beam optics, respectively (Reference {8])-

B ACOAO
4 amnEsin (6/2)sin[ (6/2)+¢]

3 Awlg
re
Aw is the Doppler frequéncy shift;
lo is the laser wavelength in vacuum;
n s the refractive index of the medium;
is the electric field strength;

E
0 is_the angle between the incident light and the scattered light;
s

is the angle between the scattered light and the orientation of the electric field;

e effects of
trophoresis

nsion under
hile the sign
ble mobility

mobility, u,
fence beam

(3)

7

0’ is the angle between the two beams.

Calculation of zeta-potential

For a detailed description of various theories applied for calculating zeta-potential, refer to ISO 13099-1.
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For non-conducting spheres, Formula (5), an extension of the Henry equation between zeta-potential, £, and
electrophoretic mobility, 4, is widely used (Reference [13]):

2 p) (5)
3no

where

no is the viscosity of the medium;

kx is the reciprocal of Debye double layer thickness;

¢ is the dielectric permittivity of the medium;

a is fhe sphere radius;

f(ka)is f monotonic function varying from f(ka),—0 = 1 10 f(ka) xg—s00 = 3/2.
Formula (5) assumes that:
a) the totgl electric field a particle experiences is a superposition of the applied field/and the field due td the

charge|on the particle;
b) the disfortion of the field induced by particle movement (i.e. the relaxation effect) can be ignored;
c) theineftial terms in the hydrodynamic equation are negligible;
d) the surface potential is much smaller than kgT/e.
There are npany refined or more rigorous models between ¢ and u without having to impose restrictions a) tp d).
However, the calculation using these procedures requires tédious computation and prior knowledge of spme
other paranpeters related to the sample, whose values are.often unknown or difficult to obtain.
Relationships between electrophoretic mobility and-zeta-potential for other types of particles in djlute
suspensiong can be found in the literature and their applications in practice are fairly limited. Since rhost
samples arg polydisperse in size and thus have' different xa values, it is impractical to apply complex |and
different conversions for each component in the distribution in order to obtain the complete zeta-poteptial
distribution.
When xa >p 1, typical for large particles in aqueous suspension, f(ka) takes the value of 3/2 in Formula 6,
leading to the Smoluchowski equation.
When xa <k 1, typical for_smiall particles in organic liquids, f(xa) takes the value of 1 in Formula (5). [The
equation is then called the Hickel equation.

For a comp,

8 Operd

rehensive overview of these theories, refer to ISO 13099-1.

tional procedures

8.1

8.1.1

Requirements

Instrument location

The instrument should be located in a clean environment that is free from excessive electrical noise, mechanical
vibration and temperature fluctuations, and sheltered from direct sunlight and airflows. The operating area
should conform to local health and safety requirements. The instrument should contain a rigid internal optical
bench with a vibration damp setup and be installed on a rigid table or bench to avoid the necessity of realignment
of the optical system at frequent intervals.
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WARNING The radiation within instruments equipped with a laser can cause permanent eye
damage. Never look into the direct path of the laser beam or its reflections. Avoid blocking the laser
beam with reflecting surfaces. Observe relevant local laser radiation safety regulations.

8.1.2 Dispersion liquids

Ensure that the sample cell is compatible with the medium to be used. The electrophoretic mobility of the
particles is wholly dependent upon the chemical characteristics of the suspending liquid. Both the pH and
specific ion concentration of the dispersing liquid are vital characteristics to be controlled if concentrated
suspensions are to be diluted for measurement. The conditions the particles are currently experiencing within

a C

ncentrated ellcpnncinn shallbe nnﬁrnly matched hy the diluents

8.1.

Dep

To gvoid the possibility of contamination, carefully rinse any cell previously used for-tests. A m

con
ath
test
lead
pos

Car
the
dep

The
reve
peri
effe
spe

8.1

8.1.

Insp
hav
fast
lase

The

repilesentative for that batch and has been sampled adequately.

A Sample inspection, preparation, dilution, and concentration

#.1

3 Measurement cell

ending upon the apparatus available, there may be a choice of cell designs. Some, ¢ells are

Hucted on a solution at low ion concentration may be distorted if the previous measurement was
gh ion concentration. It is quite a challenge to adequately flush out all of the\reésidual ions fron
The condition of the electrode surface may well have been compromised by previous meg
ing to errors in the assessment of the potential gradient. If the cell walls remain contaminatg
sible that the electroosmotic flow in a capillary cell is not as expected:

bful temperature control of the cell is important, as the liquid Viscosity is a function of tempere
Case of aqueous samples, the viscosity changes by about 2 %/°C. The terminal velocity the par
ends upon the liquid viscosity.

potential applied between the electrodes may be a<d.c. voltage applied for a finite time b
rsed in polarity. When highly conducting fluids are required, the d.c. voltage may only be applie
pd of the time employed before reversal. This piethod is employed to suppress Joule—Thomp!
cts. This method of operation may result in pulses that are so short that side-peak artefacts a
ctrum. PALS processing is sometimes required under these conditions (Reference [11]).

Sample inspection

ect the material to be _analysed, visually or with the aid of a microscope, to check whether t

br than the measurement duration, measurement is not possible, since there are no particle
r beam. For polydisperse samples, large particles can settle, leaving only smaller ones to be 1

electrophoretic mobility measured in a sample is only valid for a batch of material if the teg

8.1.

|4.2 Preparation

disposable.
basurement
5 conducted
N the earlier
surements,
d, then it is

ture, e.g. in
icles obtain

efore being
i for a short
son heating
bpear in the

he particles

b been dispersed adequately and whether any sedimentation occurs upon standing. If particl¢s sediment

s left in the
neasured.

t sample is

Considerable care should be exercised to avoid changing the electrophoretic mobility of the sample to be tested
during sample preparation for measurement. Any handling device such as a glass beaker or syringe can have
surfaces that attract specific ions from the sample or that add contaminants left behind from earlier cleaning
processes. Additionally, some materials from the handling device may “leak” into the sample. Disposable plastic
preparation beakers and pipettes are preferred as long as they are chemically compatible with the sample.

8.1.4.3 Dilution

In some implementations, when using special cell designs, even at small scattering angles, measurements of
electrophoretic mobility at moderate concentrations is possible (Reference [9]). In most cases, apparatus that
employs a small angle scattering optical arrangement requires that the sample be diluted so as to permit the
scattered light to pass through the measurement cell.
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Zeta-potential not only is a property of particles, but also depends on the chemical equilibrium between particle
surface and the liquid. Any variation in the liquid chemical and ionic composition affects this equilibrium and,
consequently, zeta-potential.

This presents a problem for methods that require extreme dilution of the sample. Dilution can change the
chemical composition of the liquid, if special measures are not taken. The sample preparation shall follow a
procedure so that zeta-potential is not changed from the original system to the diluted sample.

This procedure requires, upon dilution, that not only particles and their surfaces remain identical between
the original and diluted systems, but also liquids remain identical. This condition is not easy to satisfy if both
dilution and surfactant stabilization of the sample are involved. Sample preparation procedures can affect liquid
compositiof remendously.

The samplg preparation shall use the so-called equilibrium dilution procedure, which uses the same.liquid gs in

the original
Only sampl
the original

There are t
sedimentat

system as a diluent. After dilution, the only parameter that has changed is the particle coneentra
b preparation based on equilibrium dilution provides zeta-potential values that are identical betw
system and the diluted sample.

Vo approaches to collecting the liquid used for dilution. The first is extraction’ef-a supernatant u
on or centrifugation. This supernatant can be used for diluting the initial sample to the degree th

ion.
een

5ing
at is

optimal for he particular measuring technique. This method is suitable for large particles with sufficient density

contrast. It

The other 4
required thg

A detailed r
the result. §
the method

8.2 Verif

8.2.1
Consult 1ISQ

A reference

s not very convenient for nano-particles and soft biological systems.

pproach, more suitable for nano- and bio-colloids, is to employ,dialysis. Dialysis membranes
t are penetrable for ions and molecules, but not for colloidalparticles.

port of precisely how the sample was handled and how‘the diluent was prepared shall accomg
beveral complete dilutions and measurements of the.sample should be made to demonstrate
adopted was at least stable and consistent.

cation

Refeérence materials

Guide 30 for guidance on using reference materials.

material (RM) for electrophpretic mobility should be sufficiently homogeneous and stable

respect to
The accep

d electrophoretic mability value shall have been obtained by several operators and rigorg

are

any
that

Wwith

he electrophoretic mobility value that has been tested for changes with time and temperafure.

Lsly

proven. Thé material should be-well documented in terms of sampling procedure, dilution, if required, [and

measuremgnt protocol.

A certified reference material (CRM) for electrophoretic mobility is used for the purpose of calibrating equipm
validation of measurement methods, and the assignment of values to materials. It should be accompanie
a certificatd with the electrophoretic mobility being certified by a procedure which establishes traceability t
accurate replization of the electrophoretic mobility unit and accompanied by an uncertainty at a stated lev
confidence] At the time of publication, no CRMs are available and many materials available do not provid
independent traceability to the electrophoretic mobility unit.

ent,
by
D an
b| of
P an

8.2.2 Repeatability

To achieve the desired repeatability of electrophoretic mobility measurement, follow these steps:

a) set up the instrument adequately, select the proper settings for operating conditions and allow all parts
sufficient warm-up time;

b) follow the measurement protocol given for the material;

c) perform three consecutive measurements on the same test portion or diluted sample at an appropriate
concentration.
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An instrument is considered as meeting the requirement of this part of ISO 13099 if the coefficient of variation
(CV) for the mean electrophoretic mobility values from each measurement for a reference material is less than
10 %, provided that the absolute value of the reference material mobility is higher than 2 x 10-8 m2/Ves.

8.2.3 Intermediate precision

The test of intermediate precision shall follow the procedure specified in 8.2.2 except that different test portions
or diluted samples at an appropriate concentration shall be used.

An instrument is considered as meeting the requirement of this part of ISO 13099 if the CV for the mean
electrophoretic mobility values from each measurement for a reference material is less than 15 % provided that
the pbsolute value of the reference material mobility is higher than 2 x 10-8 m2/Ves.

8.2.4 Trueness

The
bod
me3
relig
ats

trueness of operation of instruments shall be determined using CRMs supportediby nationgl standards
es or other centres of excellence certified as meeting recognized national of.International Standards of
surement competence, or a reference material, as defined by ISO Guide. 30, of hard sphg¢res from a
ble source, homogenous and stable having a defined electrophoretic mobility determined by ogtical means
becified conditions. The test of intermediate precision shall follow the procedure specified in 82.3.

An

mok
of th
sou

nstrument is considered to meet the requirements of this part of ISO 13099 if the mean ele
ility value for three measurements is within 10 % of the published value provided that the ab
e reference material mobility is higher than 2 x 10-8 m2/Ves{Jf'd larger error is obtained, advig
pht and the operation of the instrument examined.

Ctrophoretic
bolute value
e should be

8.3| Sources of measurement error

8.3. Contamination of the current sample by‘the previous sample

Arsg
had
ade

8.3.

The
be q
sus
As
min

sidue of the previous sample may remain‘ift the cell due to inadequate flushing. If the previous
a high ion concentration while the_current sample has a low ion concentration, flushing
uate. A separate cell kept exclusively for high ion concentration sample measurements is pre

R Inappropriate sample preparation procedure

zeta-potential of a paricle system is heavily influenced by the suspending fluid. If the test s
btained from a congentrated suspension, then the ionic condition of the liquid phase of the ¢
bension shall be maintained if a true zeta-potential of that concentrated suspension is to be
Lipernatant can_ bé” produced either by filtration or sedimentation. Alternatively, a buffered
icking the conCentrated state may be created. Any glassware or other vessels used to create a

suspension
may not be
ferred.

ample is to
bncentrated
established.
suspension
supernatant

or eguivalent;suspending media shall be clean and free from ionic contamination.

8.3.3 JAnadppropriate sample

Particlestravetobe suspendaedalintne salripie celland malintalinealntne ngntoearm auring tre entre i easurement
in order for the mobility to be measured. Therefore, particle density determines the largest particle that can be
measured for a certain time period using a particular method and instrument setup. Capillary cells have very
small distances for particles travelling before they settle on the floor of the capillary. Accessible measurement
time using a capillary cell is usually much shorter than that using a parallel-plate cell for sedimenting particles.
Particles also have to produce enough scattering in order to be detected which then determines the smallest
particles at a given concentration that can be measured.

The PALS method permits the lowest mobility determination for very small particles. The reason for this is that
the influence of Brownian motion is considerably reduced because the PALS processing is averaged over a very
large number of cycles to report the first moment of mobility, largely removing the diffusive term from the result.
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8.3.4 Inappropriate liquid medium

The medium should be clear and non-absorbing at the wavelength of the laser used. It should not be too high
a viscosity preferably lower than 10 mPaes. It should not be volatile at the measurement temperature.

8.3.5 Poor temperature stabilization

The viscosity of water varies by about 2 %/°C around room temperature. The terminal velocity obtained by the
particles experiencing the electric field gradient is limited by viscous drag. Therefore, accurate comparisons of
zeta-potential determinations shall be established at known, reported values of temperature. Test samples may
be initially cr in the laborator ifferent temperatur: hat existing within the m rement machine.
Time shall e allowed for the injected sample to reach thermal equilibrium.

8.3.6 Cor]:ensation on the illuminated surfaces

For measurements performed below room temperature, take precautions to avoid possible-¢condensation on
the interfaces through which light passes. Purging with dry air or nitrogen is recommendgd.

8.3.7 Particles, fingerprints or scratches on the optical surfaces

The adversg effect of additional flare from a scratch or contamination of the cell, optical surface has a legser
effect wher using the reference beam optical arrangement. It is a potential problem when using the crpss-
beam methpd and can prevent measurement altogether if serious.

8.3.8 Tool|large a potential applied

When using a suspension of high ionic strength, such as red\blood cells in physiological saline, the indyced
Joule—Thompson heating effect can cause thermal convection and be problematic. The temperature of| the
suspension| in the measuring volume could be quite different from the set temperature. This results i an
incorrect vigcosity value. The heated electrodes may_burn cells on to their surface in extreme cases and air
bubbles prgduced by electrolysis may disturb particle-movement. To minimize this effect, the voltage applied
should be reduced and for a short time within each cycle of reversal with synchronized data collection.

8.3.9 Incqrrect entry of parameters by.the operator

Errors are introduced when parameters'such as permittivity, viscosity, refractive index, temperature, conductivity,
and electrid field are incorrectly entered.

8.3.10 Air bubbles

Air bubbleq can arise frofm the filling process, from dissolved air, or due to electrochemical reactions, [e.g.
electrolysis|occurring-at the electrode surfaces. Bubbles adhering to the walls of a capillary cell can digtort
the electric|field leading to uncertainty of the position of the stationary layer. Bubbles adhering to electfjode
surfaces cgn result'in an incorrect measurement of conductivity.

8.3.11 Cell coating damage

Some implementations employ a coated capillary cell. This coating neutralizes the surface charge of the
capillary wall, enabling measurements to be made at any point across the capillary. These coatings can be
fragile and readily destroyed by using suspensions, chemically unsuitable for this technique.

8.3.12 Inappropriate theory for calculating zeta-potential from the measured electrophoretic mobility

Zeta-potential is calculated from the measurement of mobility. The appropriate theory and equation to be
used for this calculation critically depends upon the suspension environment. See ISO 13099-1 for a more
complete explanation.
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