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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 16773 describes the application of electrochemical impedance spectroscopy (EIS). Although
this International Standard was originally developed for coatings and major sections are specific for
coatings, the general guidelines can be used also for uncoated samples. For uncoated samples extra
information can be found in ISO/TR 16208.

This part of ISO 16773 defines terms used in electrochemical impedance spectroscopy.

ISO 16773-2 descrlbes an experlmental procedure for testlng laboratory 1nstrumentat10n for collecting
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INTERNATIONAL STANDARD IS0 16773-1:2016(E)

Electrochemical impedance spectroscopy (EIS) on coated
and uncoated metallic specimens —

Part 1:
Terms and definitions

1 (Scope

Thip part of ISO 16773 defines terms for electrochemical impedance spectroscopy (EIS) fof use in the
other parts of ISO 16773.

2 |Terms and definitions

2.1
pedk-to-peak amplitude
20Uy
maximum value between maximum and minimum excitatiow of the applied a.c. perturbatior] signal

Note¢ 1 to entry: The peak-to-peak amplitude is usually expressed in millivolts.

2.2
rms$ amplitude

Urms
roof-mean-square (i.e. effective) value of thesapplied a.c. perturbation signal

Note¢ 1 to entry: This is the peak-to-peak+alue of the a.c. amplitude, divided by 2 x \/E

Bode plot
curyes of (a) phase angle (2:36) versus the logarithm of the applied frequency and (b) the ldgarithm of
the|magnitude of the impedadrice (2.28) |Z| versus the logarithm of the applied frequency

charge transfer resistance

equivalent

ge transfer

coating
layer formed from a single or multiple application of a coating material to a substrate

[SOURCE: 1SO 4618:2014, 2.50.1]

2.6
coating
process of applying a coat

Note 1 to entry: The use of the term “coating” for “coating material” is deprecated.

[SOURCE: ISO 4618:2014, 2.50.2]

© IS0 2016 - All rights reserved 1
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2.7

coating capacitance

Ce

capacitance of the capacitor representing the electrical capacitance of the coating (2.5) in the equivalent
circuit (2.18)

Note 1 to entry: The coating capacitance is usually expressed in nanofarads. The specific coating capacitance is
usually expressed in nanofarads per square centimetre.

Note 2 to entry: For coatings which do not have ideal capacitance, the constant phase element (CPE) is frequently
used. The use of a constant phase element does not have a physical meaning.

2.8
coating resistance
Rc
resistance |(2.40) of the resistor representing the electrical resistance of the coating-(2.5) in|the
equivalent gircuit (2.18)

Note 1 to entry: The coating resistance is usually expressed in gigaohms. The specific.coating resistange is
usually expressed in gigaohms times square centimetres.

2.9
corrosion|potential
Ucor

potential dof a corroding surface at which the rate of oxidation (corrosion) and the rate of reduction of
the one or more oxidants are equal

Note 1 to enftry: This is also known as the mixed potential or the rest potential.
Note 2 to enftry: This potential is measured relative to a referenee electrode (2.39) under open-circuit conditipns.
Note 3 to enftry: The corrosion potential is usually expressed in volts.

2.10
corrosionjrate
amount of metal lost in unit time

Note 1 to enftry: The corrosion rate is ustally expressed in millimetres per year.

211
counter electrode
CE
inert electfode in the electrochemical cell (2.15) through which the current passes from or to|the
working elgctrode (2.46)

2.12
double-layer eapacitance
Cal
capacitana: of —the LddeiLUl lt'[JlUbt:llLillg the mctdi-eicuuui_yw frrterface —characteristics T the
equivalent circuit (2.18)

Note 1 to entry: The double-layer capacitance is usually expressed in microfarads. The specific double-layer
capacitance is usually expressed in microfarads per square centimetre.

2.13

dummy cell

printed-circuit board with mounted electrical components representing the equivalent circuit (2.18)
and with connection points to the measuring instrument

2.14
electrical zero-reference
voltage with respect to which all voltages within the electrochemical equipment are referenced

2 © IS0 2016 - All rights reserved
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2.15
electrochemical cell
system consisting of at least two electrodes in an electrolyte

2.16

electrochemical impedance spectroscopy

EIS

electrochemical technique which allows the impedance spectrum of an electrochemical system to be
recorded as a function of the frequency of the applied signal, and the spectrum thus obtained to be
analysed by transfer function analysis

2.17Y
ele¢tromagnetic noise
eledtrical noise in the current and/or voltage signal in a circuit whose origin is strag)electromagnetic
radjation from nearby electrical devices

2.18
equivalent circuit
eledtrical circuit modelling the impedance (2.23) of the specimen under test

Not¢ 1 to entry: For example, this could be a network, consisting of elements such as a resistor,|a capacitor
and|an inductor, which has the same impedance spectrum (i.e. the same response to a perturbaftion) as the
electrochemical system.

2.19
errpr estimate
perfentage deviation from zero of the recorded data, or'the percentage deviation of the data from the
absplute values of the elements of the dummy cell used

Note 1 to entry: The percentage deviation from zere>0f the recorded data is determined by subtractjing the data
from the theoretical equivalent-circuit data and dividing it by the latter. This method is only suitablg for dummy
cell neasurements.

Notg¢ 2 to entry: The percentage deviation from the absolute values of the elements of the dummy]cell used is
detgrmined by calculating the values of the equivalent-circuit elements from the recorded spectra. It s expressed
as the percentage deviation from the absolute values of the elements of the dummy cell.

2.2

Farpday cage
metjallic cabinet, used-toJreduce electromagnetic interference to the electrochemical cell (2.15) (or
cirduit), that completelyencases the cell and is grounded to the instrument earth

2.2

galyanostat
eledtronic instrument which controls the current through the working electrode (2.46) and counter
eledtrode-(2.11) and which measures the resulting potential at the working electrode with respect to a
refdrence ‘electrode (2.39)

2.22
ground
electronic reference point

Note 1 to entry: Voltage in the circuit is measured with respect to this reference point. In an electrochemical
system, there could be several types of ground:

a) Earth ground, which is a connection to earth. The “protective ground pin” in a.c. receptacles is connected to
earth. The chassis of a desktop computer connected to the a.c. mains will be grounded in this way.

b) Floating ground, which in an electrochemical system (instrumentation and cell) is one which is not actually
connected to earth.

c) Signal ground, which is the reference point in the electronic circuit of a potentiostat (2.38). A signal ground
can be earthed or floating, depending upon the potentiostat design.

© IS0 2016 - All rights reserved 3
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d) Virtual ground, which is a point, generally the working electrode (2.46), maintained at a voltage equivalent to

ground

2.23

by an operational amplifier.

impedance

Z

frequency-dependent, complex-number proportionality factor, AU/AI between the applied alternating
current voltage U (or current I) and the response current (or potential) in an electrochemical cell (2.15)

Note 1 to entry: This factor is the impedance only when the perturbation and response are linearly related (the
value of the factor is independent of the magnitude of the perturbation) and the response is caused only by the

perturbatio
at the corro

Note 2 to e
ohms times

2.24

IR drop
voltage dr
caused by {

2.25
linear sys
system in v

2.26
linear-sys
processing

2.27

Lissajous
graphical 1
constructe

2.28

magnitud
modulus @
square roo

Note 1 to entry: It is given by |Z| =|(Z))

where

Z

!

is

is

bion potential (2.9).

ntry: The impedance is usually expressed in ohms. The specific impedance is usually expresse
square centimetres.

he resistance (2.40) of the electrolyte and the distance between the-electrodes

fem
vhich the response to a perturbation is directly proportional to the perturbation

tem analysis
of the response of a linear system (2.25) to a perturbation

figure
epresentation of the response of an électrochemical cell (2.15) to a sine/cosine excitat
d by plotting the current against the yoltage on mutually perpendicular axes

p of the impedance
f the impedance
[t of the sum of the squares of the real and imaginary components of the impedance (2.23]

1/2

2 2

+ (Z//)

the complex impedance;
thereal part of the impedance;

n

is

p in the electrolyte between the working reference (2.46) and the reference electrode (2.89

T T e vatue of the Tmpedarnce camr be retated to the corrosion rate { 2-10) wher measurenent s made

d in

ion,

thedimaginarvpartofthe impedance
(=] ARy r

Note 2 to entry: The magnitude of impedance is usually expressed in ohms. The specific magnitude of impedance
is usually expressed in ohms times square centimetres.

2.29

multi-sine analysis
application of a wave made up of several sine waves of different frequencies and measurement of the

response a

2.30

t each frequency simultaneously

non-linear system
system in which the response to a perturbation is not directly proportional to the perturbation
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2.31
non-linear system analysis
processing of the response of a non-linear system (2.30) to a perturbation

Note 1 to entry: If the amplitude of the applied perturbation is low enough, the system can be treated as a linear
system (2.25).

2.32

Nyquist plot
negative of the imaginary component z” of the impedance Z (2.23) plotted against the real component z’
of the impedance

2.3
ope
Uoc
wor
cur

Not

2.34

oxi
sur

2.3
ph3
dist

2.3
ph3
P

pha
the

Not

2.3
pol
slop

Not
usu

2.3
pot
eled

B
n-circuit potential

D
king electrode (2.46) potential, measured with respect to a reference electrode (2.39

ent is flowing to or from the reference electrode

e 1 to entry: The open-circuit potential is usually expressed in volts.

e layer
face layer formed by the reaction of a metal with oxygen or oxygen compounds

b
se
ance between the position of an amplitude crest of d'wave train and a reference position

-

D
se angle

ke (2.35) difference, expressed as an angle, between a voltage and current recurring per
same frequency

e 1 to entry: The phase angle is usually expressed in degrees.

7
hrization resistance

e, dU/dI, at the corrasion potential (2.9), of a potential, U, versus current, I, curve

e 1 to entry: The-polarization resistance is usually expressed in ohms. The specific polarization 1
hlly expressed’in'ohms times square centimetres.

B
entiostat
trenic¢ instrument for automatically maintaining the working electrode (2.46) in an elec

), when no

jodically at

esistance is

frolyte at a

con

frolled potential with respect to a reference electrode (2.39) and for measuring the result

ng current

between the working electrode and the counter-electrode

2.39
reference electrode

RE

electrode having a stable and reproducible potential that is used as a reference in the measurement of
electrode potentials

Note 1 to entry: This electrode has to have a potential which is thermodynamically stable with respect to that of
the standard hydrogen electrode.

Note 2 to entry: Common reference electrodes are: saturated calomel electrode (SCE), silver/silver chloride

elec

©IS

trode (Ag/AgCl), copper/copper sulfate electrode (Cu/CuSO4).
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