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Introduction

This report was prepared for the Analytical Methods Committee
(AMC) by the author with contributions and critical review from
other members of the Instrumental Criteria Sub-Committee: S.
Greeneld (Chair), S. Gaisford, S. J. Hill, K. E. Jarvis, G. Lord, M.
Sargent (Vice Chair), P. J. Potts and M. West.

All users of analytical equipment should be familiar with
the basic principles of its operation, the main areas of appli-
cation, key features and aspects of day-to-day use. The aim of
this report is to provide a general overview of the technique
followed by an objective evaluation of the instrumentation
and its capabilities in tabular form. The table of selection
criteria is a unique aspect of this series of reports, providing a
checklist of features to be considered in purchasing and using
complex analytical instrumentation. Most features relate to the
instrumentation itself but more general factors such as
installation in the laboratory, service requirements and
manufacturer support are also considered. A brief description
is provided for each feature together with an explanation of its
importance and, if appropriate, guidance on how it may be
assessed.
Other reports

The Analytical Methods Committee has published the following
reports in the series:

Part I. Atomic absorption spectrophotometers, primarily for
use with Flames, Anal. Proc., 1984, 21, 45. Revised in Analyst,
1998, 123, 1407.

Part II. Atomic absorption spectrophotometers, primarily for
use with Electrothermal Atomizers, Anal. Proc., 1985, 22, 128.
Revised in Analyst, 1998, 123, 1415.

Part III. Polychromators for use in Emission Spectrometry
with ICP Sources, Anal. Proc., 1986, 23, 109.
mental Sciences, Plymouth University,

aungardt@plymouth.ac.uk

hemistry 2015
Part IV. Monochromators for use in Emission Spectrometry
with ICP Sources, Anal. Proc., 1987, 24, 3.

Part V. Inductively Coupled Plasma Sources for use in
Emission Spectrometry, Anal. Proc., 1987, 24, 266.

Part VI. Wavelength Dispersive X-ray Spectrometers, Anal.
Proc., 1990, 27, 324.

Part VII. Simultaneous Wavelength Dispersive X-ray Spec-
trometers, Anal. Proc., 1991, 28, 312.

Part VIII. Instrumentation for Gas-Liquid Chromatography,
Anal. Proc. 1993, 30, 296.

Part IX. Instrumentation for High-performance Liquid
Chromatography. Analyst, 1997, 122, 387.

Part X. Instrumentation for Inductively Coupled Plasma
Mass Spectrometry, Analyst, 1997, 122, 393.

Part XI. Instrumentation for Molecular Fluorescence Spec-
trometry, Analyst, 1998, 123

– 237.
Part XXII. Instrumentation for Liquid Chromatography/Mas

Spectrometry, Accred. Qual. Assur., 2007, 12, 3–11.
Anal. Methods, 2015, 7, 1249–1260 | 1249

http://crossmark.crossref.org/dialog/?doi=10.1039/c4ay90088j&domain=pdf&date_stamp=2015-02-12
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Part XXIII. Portable XRF Instrumentation, Accred. Qual.
Assur., 2008, 13, 453–464.

Part XXIV. Instrumentation for Quadrupole ICP-MS. Anal.
Methods, 2010, 2, 1206–1221.
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� Three-electrode cell.
� Voltage generator (potentiostat).
� Voltmeter.
� Current meter.
� Data recorder.
The working, reference and auxiliary electrodes are

immersed in the sample solution containing a supporting
electrolyte and the analyte, which in Fig. 1 is shown as Mz+ and
represents a metal or electroactive compound of the positive
charge z. The potentiostat controls the potential of the working
electrode during the two phases of the analytical cycle: (1) the
deposition of Mz+ at the working electrode (pre-concentration
step) and (2) the potential scan during which the electron ow
resulting from oxidation or reduction of the analyte is measured
as current i. The reference electrode provides a constant refer-
ence potential that remains uncompromised because the
current ow in the cell is conducted through the auxiliary
electrode and the potential at the auxiliary electrode balances
the oxidation or reduction reaction that occurs at the working
electrode. The current signal (i) is recorded as a function of the
potential (E) and has the form of a current peak resulting from
the oxidation or reduction of an analyte at a specic potential.

Most instruments are controlled via computers with bespoke
soware, which also allows the selection of analytical parame-
ters and the storage, treatment and display of data. Alterna-
tively, some integrated instruments feature a display and
keypad, through which analytical and output parameters are
controlled.

Accessories may include:
� Integrated sample stirrer.
� Integrated sample de-oxygenation facility.
� Automated facilities (e.g. for change of sample, reagent

and/or standard additions).
� Sample pre-treatment apparatus (e.g. ltration, oxidation

of organic matter).
Working electrodes (WE). A wide range of working electrodes

is available, including:
� Silver (solid state).
� Gold (solid state).
� Platinum (solid state).
� Palladium (solid state).
� Mercury drop.
� Glassy carbon (solid state).
� Mercury lm on glassy carbon or iridium.
� Bismuth lm on glassy carbon.
� Pyrolytic graphite (solid state).
� Carbon paste or carbon nanoparticle paste.
� Boron doped diamond (solid state).
The congurations of the solid state electrodes include static

or rotating rods, shaking or rotating disk and ring electrodes,
single micro-electrodes and micro-arrays.

While the determined quantity is the current (i) that crosses
the electrode/solution interface, it is the current density
(current per unit electrode surface area in A cm�2) that is
directly proportional to the concentration of the analyte in
solution. Voltammetric signals depend on the dimensions of
the working electrode, which must therefore be constant. The
disadvantage of solid state electrodes is their vulnerability
to fouling, scratches and other surface imperfections, which
alter the effective surface area. Resolutions to this problem
include semi-permeable membranes that prevent the migration
of potentially interfering compounds to the electrode surface3,4

and mercury electrodes, which are either lms plated onto
a solid electrode substrate or the hanging mercury drop
electrode, which provides a fresh Hg drop for each
measurement.

The use of mercury has been restricted in the EU and in
future may be banned in some countries. Although alternative
working electrode materials are available (e.g. bismuth lm5),
mercury remains the working electrode material of choice
for many applications. Mercury electrodes can span a wide
range of potentials and therefore have a wide analytical detec-
tion window, which is ideally suited for the measurements of
dissolved oxygen, various sulfur species, some organic
compounds
(e.D
(e.luc7 us)-bwhil)-537.9uc7 us
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selecting electrode systems suitable for the intended applica-
tion, such maintenance should be considered with respect to
cost (time) and reproducibility.

Reference electrodes (RE). Reference electrodes are
based on electrochemical equilibrium processes that establish

http://dx.doi.org/10.1039/c4ay90088j
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Factors affecting kinetic processes that take place at the
electrode surface include:

� Close (1–

http://dx.doi.org/10.1039/c4ay90088j


adjusted to vary the limit of detection and linear range and
serves as a pre-concentration step.

M
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� The deposition potential, which can be adjusted to limit or
exclude the deposition of interfering solution ligands or metals.

� Conditioning potentials, which can be used to ne-tune
analytical conditions and reduce interference from organic
compounds.

� Instrumentation can be deployed in the eld, where the
temperature in the analytical cell may change over time with
ambient conditions.

Illustrative applications

Classic applications of voltammetry to the analysis of metals
and metal speciation in natural waters using ASV and AdCSV
have been reported by numerous authors. A recent review25

illustrates the diversity of methodologies developed over several
decades for just one element, iron.

A selection of applications that highlight the utility of vol-
tammetry for metal speciation in natural waters is given below:

� Determination of total dissolved metal concentrations in
ltered and oxidised (i.e. organic matter removed) samples21,23,26

� Determination of the (operationally dened) labile dis-
solved metal fraction in fresh, ltered samples7,8,27

�

http://dx.doi.org/10.1039/c4ay90088j


Selection criteria for voltammetric
instrumentation

Table 3 summarises key features of voltammetric instrumen-
tation and includes criteria worth considering when purchasing
voltammetric equipment. It also provides some guidance on
instrumental requirements for different applications, for
example research and development or routine analysis.
References

1 P. T. Kissinger, The Past, Present, and Future of
Electroanalytical Chemistry

http://dx.doi.org/10.1039/c4ay90088j


Gulf of Cadiz, south-west Spain, Anal. Chim. Acta, 1998, 377,
205–215.
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Table 3 (Contd. )

Feature Description of feature and guidance for assessment Reasoning

(b) Electrochemical cell
(i) Working electrodes Capability to use a wide range of working electrodes, supplied

by the manufacturer of the instrument or by third parties
Flexibility maximises range of applications and
enables new developments to be implemented

Does instrument design allow application of electrodes
developed in-house?

Some electrode systems require expertise and
auxiliary equipment for preparation (e.g.
polishing equipment)Are working electrodes ready-to-use or do they require

preparation by user?
Enquire about longevity and cost of electrodes

(ii) Reference electrode Look for reliability and nature of reference electrode system,
depending on application

Maximises signal stability and repeatability.
Can be judged from literature and experience of
users

(iii) Counter/auxiliary
electrode

Stability and robustness of materials Minimises downtime and cost

(iv) Cell material Is a range of cell materials available, including glass and
PTFE?

Maximises range of applications

(v) Cell auxiliaries Availability of integrated stirrer and/or purge facilities Simplies most voltammetric applications
(vi) Sample and reagent
delivery and removal

Facilities for manual or automated sample, reagent and
standard additions should enable reliable, precise and
reproducible delivery and thorough removal and rinsing

Ease of access in manual systems reduces
analytical time and potential for contamination;
Manifolds and tubing in automated systems
should avoid dead spaces and be accessible for
cleaning

(c) Analytical parameters
(i) Procedures and
parameters

Look for the range of available pre-set procedures in
manufacturer's soware and for the level of accessibility of
analytical parameters

Pre-set procedures ease instrument set-up
especially for inexperienced operators, in-house
denition of standard operating procedures and
routine applications
R&D applications require possibility to dene
new procedures

(ii) Electrical potential
range

Look for the potential ranges which are pre-set in the
instrument, as appropriate to intended applications

Maximises applications; difficult matrices may

http://dx.doi.org/10.1039/c4ay90088j


Table 3 (Contd. )

Feature Description of feature and guidance for assessment Reasoning

(iii) Similarity of
operation, layout and
design to existing
instruments in the
laboratory

May be important for routine or commercial work; less
important for research applications and where innovative
features rank higher

Similarity of design and operation allows
operators to draw on in-house expertise,
reducing reliance on external training; may
maximise use of spare parts and accessories

(iv) Condence in
supplier

Condence gained from past personal experience Benets from a good working experience

(b) Technical support
(i) Applications support Advice available from the manufacturer's application

department
Maximises ability of operators to apply
instrument to new applications

(ii) Technical
information

Range and quality of technical information, including
detailed technical specications, operating manual,
application notes, trouble shooting and references to R&D
literature

Helps operators to design experiments and
optimise instrument use and in-house
maintenance

(iii) Telephone and on-
line assistance

Support available by manufacturer or supplier, including
soware updates and remote diagnostics

Timely availability of assistance reduces need
for service call-out; can be judged by reference to
existing user experience

(iv) Training Training available during and following instrument set-up
and follow up courses for more advanced user

Ensures operators use instrument effectively

(vi) User meetings Meetings, conferences and technical briengs organised for
users by the manufacturer or third party

Other users are oen the best source of advice
for solving problems and developing new
applications

(c) Servicing and maintenance
(i) Service support Availability of a service contract or support from the

manufacturer, supplier or third party
Essential to ensure continued operation of
instrument over planned lifetime

(ii) Availability, cost and
delivery of spares and
consumables

Range of stock carried by, or quickly available to, the
manufacturer or supplier

Reduces instrument down-time and denes day-
to-day operating costs

(iii) Call-out time and
cost

Proximity, time and cost for an engineer to reach the
laboratory

Determines instrument down-time and costs
resulting from faults

(iv) Effectiveness of
service support

Ability of a service agent to identify and repair faults. Reduces instrument down-time; can be judged

http://dx.doi.org/10.1039/c4ay90088j
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