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4 Oxygeb Electrode Disk - Preparation and Maintenance Guide

1 S1 Electrode Disc

1.1 Introduction

1.1.1 Introduction

The S1 electrode was designed in the early 1970's during a collaborative project between Prof.
David Walker, Prof. Tom Delieu and Hansatech Instruments. The first S1 went on sale in 1974 and
has remained largely unchanged in over 30 years. A range of complementary instruments have
been developed over the years in order to meet the needs of emerging trends in the scientific
world. Modern oxygen measurement systems incorporate the S1 electrode providing sensitive and
reliable tools for a vast range of applications ranging from the demonstration of oxygen evolution
from photosynthetic organisms to the analysis of mitochondrial respiration rates. The Hansatech
Instruments oxygen electrode disc is a specialised form of electrochemical cell known as a Clark
type polarographic sensor which comprises a resin bonded central platinum cathode and a
concentric silver anode. During measurements a 50% saturated potassium chloride (KCI)
electrolyte solution forms a bridge between the 2 electrode elements via the aid of a fine paper
wick and a fine layer of PTFE membrane which is selectively permeable to oxygen molecules.
These are applied to the electrode disc during the preparation process and are held in place with
an O-ring. Once preparation of the electrode is complete, the disc assembly is mounted into the
base of an electrode chamber with the membrane covered dome section of the disc forming the
floor of the reaction vessel. The electrode disc is connected to a control unit which supplies a
polarising voltage of 700mV. In the presence of oxygen, a polarised disc generates a small current
which is directly proportional to the concentration of oxygen in the reaction vessel above the
cathode. This current is converted to a voltage, conditioned and digitised with high resolution
before display by the electrode control unit.

1.1.2 Operational Principles

The following text and image are based on the chapter "The Principle of Oxygen Measurement"
from the book "The Use of the Oxygen Electrode & Fluorescence Probes in Simple Measurements
of Photosynthesis" by Prof. David A. Walker (Oxygraphics Ltd. 1987). Hansatech Instruments
oxygen electrode systems for photosynthesis and respiration measurements take one of 2 forms,
liquid or gas-phase. The measurement techniques for each form are quite different, however, the
underlying principles of the measurement of oxygen remain the same. Oxygen dissolved in the
reaction vessel of liquid-phase systems or that which accumulates in the sample chamber of gas-
phase systems is detected polarographically by either the S1 or S1/MINI (in Oxytherm oxygen
measurement systems) Clark type electrodes (Clark, 1956). Both oxygen electrode discs comprise
a relatively large (2mm diameter) platinum cathode and a concentric silver anode immersed in,
and linked by, an electrolyte solution. Both electrodes are set in an epoxy resin disc; the cathode
at the centre of a dome and the silver anode in a circular groove named the well or electrolyte
reservoir, surrounding the dome. The electrodes are protected by a thin PTFE (Teflon) membrane
which is permeable to oxygen. The purpose of the dome is to stretch the membrane smoothly over
the surface of the platinum cathode and to allow it to be secured in position by an O-ring. The
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membrane also traps a thin layer of electrolyte (a solution, which usually contains potassium
chloride) over the surface of the electrodes. A paper spacer is placed beneath the membrane as a
wick in order to provide a uniform layer of electrolyte between anode and cathode.
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When a small voltage is applied across these electrodes, so that the platinum is made negative
with respect to the silver, the current which flows is at first negligible and the platinum becomes
polarised (i.e. it adopts the externally applied potential). As this potential is increased to 700 mV,
oxygen is reduced at the platinum surface, initially to hydrogen peroxide H202 so that the polarity
tends to discharge as electrons are donated to oxygen (which acts as an electron acceptor). The
current which then flows is stoichiometrically related to the oxygen consumed at the cathode. The
diagram above represents the oxygen electrode reactions. When a potentiating voltage is applied
across the two electrodes, the platinum (Pt) becomes negative (i.e. becomes the cathode), and the
silver (Ag) becomes positive (the anode). Oxygen diffuses through the membrane and is reduced
at the cathode surface so that a current flows through the circuit (which is completed by a thin
layer of KCl solution or other electrolyte). The silver is oxidised and silver chloride deposited on
the anode. The current which is generated bears a direct, stoichiometric, relationship to the
oxygen reduced and is converted to a digital signal and recorded by an electrode control unit.
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1.2 Electrode Preparation

1.2.1 Electrode Disc Preparation

Before use, the electrode disc needs to be prepared in such away that an electrolyte bridge is
formed between the anode and cathode in order for current to flow in the presence of oxygen.
Various different compositions of electrolyte have been used however, Hansatech Instruments
recommend a 50% saturated solution of potassium chloride which is proven to work well in many
different applications.

Stage 1

Ensure the electrode disc is clean paying particular attention that the silver anode is free from any
deposits of silver chloride (brown deposit) or silver oxide (black deposit). If traces of these
substances are present, clean the electrode thoroughly according to our recommended cleaning

procedure.

Stage 2

Stage 2 Using a Pasteur pipette, place a small drop of electrolyte on top of the dome of the
electrode disc. Place a further 3 - 4 drops of electrolyte in the well of the electrode disc ensuring
that the silver anode is completely covered
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Stage 3

Place a 1.5 - 2cm2 paper spacer over the drop of electrolyte on the electrode dome. When
complete, this paper spacer will act as a wick to form an electrolyte bridge between the anode
and cathode. It is therefore critical that the spacer paper is of the correct size. From over 35 years
of experience, Hansatech Instruments recommend using ultra-fine cigarette paper such as Rizla
Blue. This product works particularly well as it is manufactured to a very tight thickness tolerance
ensuring a good, even layer of electrolyte. When cutting spacer paper from Rizla Blue cigarette
papers, take care not to use the gummed or folded section of the paper. If the folded section is
used, ensure that this is at the very edge of the square spacer. Holding the PTFE membrane with a
pair of forceps, use a sharp knife (or scissors) to cut a slightly larger section of membrane from
the reel. Take care not to touch the membrane excessively as grease from finger prints can restrict
the performance of the electrode. Carefully lay the section of membrane across the spacer paper
on the dome of the electrode.

Stage 4

Stage 4 Place the small electrode disc O-ring over the end of the membrane applicator tool. Hold
the applicator vertically so that the O-ring end of the applicator locates very gently over the dome
so as not to damage the PTFE membrane. In one smooth motion, push the applicator downwards
so that the O-ring slides over the electrode dome and holds the spacer and membrane securely in
place. Check that the membrane and spacer are smooth and free from trapped air bubbles,
particularly over the platinum cathode itself. If the preparation is uneven, it will have an overall
effect on the response time and sensitivity of the electrode. Also ensure that the spacer paper is
in contact with the electrolyte in the well. If necessary, top the well up with a few drops of
electrolyte ensuring that the silver anode is completely covered by the KCI.
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Stage 5

Place the larger O-ring on the recess around the electrolyte well. If this second O-ring is not in
place when the disc is installed into the electrode chamber, the silver anode will not be sealed
from ambient air and measurements may be affected. Take care to ensure that the edges of the
membrane and/or spacer paper do not contact the larger O-ring as this could affect the seal when
the disc is installed into the electrode chamber. If the corners of the membrane and/or spacer
paper protrude too much from the preparation, these may be trimmed carefully with a pair of
sharp scissors or tucked carefully into the electrode well.
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In Summary...

The finished, prepared oxygen electrode disc should have a smooth covering of spacer paper and
PTFE membrane across the electrode dome. The electrolyte well should be topped up with KCI
ensuring that some of the spacer paper is in contact with the electrolyte itself. Ensure everything
is done correctly by cross referencing against the checklist below:

e The electrode disc is clean,

e The electrolyte is a 50% saturated potassium chloride

e 1 drop of electrolyte on the platinum cathode

e 3 - 4 drops of electrolyte in the well

e Spacer paperis 1.5 - 2cm2

e Spacer is not cut from the creased or gummed section

e Spacer paper placed centrally on the dome

PTFE membrane cut slightly larger than spacer paper

PTFE handled with forceps

PTFE place centrally over spacer paper on the dome

Smaller O-ring applied using membrane applicator tool

e Secured membrane is smooth and free from creases and bubbles across the platinum cathode
e There is sufficient electrolyte in the well to allow contact with the spacer paper
e Excess PTFE membrane is trimmed

e Larger O-ring placed in recess around the well

e Larger O-ring is not in contact with excess PTFE membrane

1.2.2 Testing the Response of the Electrode Disc

Once the electrode disc has been correctly prepared, it is advisable to check the response of the
disc prior to mounting the disc within the electrode chamber.

Before proceeding, you will need to ensure that the electrode control unit you are using is
correctly connected to the PC and that it is communicating with the OxyTrace+ software. If you
are experiencing problems with communications between the control unit and software, please
refer to the Software Initialisation section of this document.

To check the response, connect the electrode disc to the rear of the control unit at the electrode
input using the S1/ADL electrode connection cable. Start a recording. The signal will initially be
extremely high and displayed as nanoamps (nA) and will take a few minutes to stabilise at an air
line level. A new or well maintained disc should read approx. 1600 nA in air but this may vary
between £240nA. Once the electrode signal is stable, breathe exhaled air across the disc and
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observe the reaction on the graph screen. The signal should be plotted as in the diagram below.
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The first deviation in signal after breathing across the disc is induced due to a large increase in
temperature of exhaled breath compared to ambient air temperature. Oxygen electrode discs are
particularly sensitive to temperature and will show an increase in signal as a result. Since the
temperature increase is only temporary, the oxygen signal will fall after a short time.

After the temperature related signal increase, a steep drop in signal is observed due to decreased
oxygen levels in exhaled breath (approx 17%). The signal should the begin to return to the original
level as the ambient oxygen begins to equilibrate around the electrode disc.

If the observed signal is not as shown above, it may be caused by an inadequate electrode
preparation or worst case, a problem with the disc itself. Try cleaning the disc and re-preparing
before repeating the test described above. If problems still occur, please contact Hansatech
Instruments.

Once this test has been completed satisfactorily, mount the disc into the base of the electrode
chamber. An additional test may be carried out in order to test the response of the disc in situ.
Please refer to the Operating the Magnetic Stirrer section for further details.
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1.3 Electrode Disc Cleaning

1.3.1 Electrode Disc Maintenance

Although the oxygen electrode disc is one of the smallest components of an oxygen measurement
system, it is the most crucial component of the system. Therefore, maintaining the disc to a high
standard is extremely important. A significant proportion of technical support requests received by
Hansatech Instruments Ltd relate to oxygen electrode disc performance. Of these requests, the
vast majority are the result of failure to comply with recommended working practices and
maintenance procedures. Some of the more common abuses of electrode discs include:

Failure to Maintain Electrode Disc

If the electrode disc is not maintained sufficiently, deposits of silver chloride (soft brown deposit)
and/ or silver oxide (hard black deposit) will build up on the silver ring (anode) of the disc. In the
image below, deposits of black silver oxide can clearly be seen on the silver anode of the left
electrode disc. By contrast, the electrode disc on the right has a well maintained, clean anode.
The formation of silver chloride is normal and desirable in small quantities as it is an electrical
conductor and therefore improves the stability and sensitivity of the electrode disc. It is easily
removed by cleaning and will reform when the electrode is next polarised. However, deposits of
black silver oxide are to be avoided. Silver oxide is an electrical insulator and its formation will
reduce the available surface area of the silver anode and result in a dramatic reduction or
complete loss of electrode signal. The electrode disc should be maintained in accordance with our
recommended procedure. Please refer to the Electrode Cleaning section.

This image shows a typical case of poor maintenance. The disc has not been cleaned after use
and was not stored in a sealed container with desiccant away from strong sunlight. As a
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consequence, the epoxy resin has become prematurely discoloured due to a combination of strong
sunlight and absorption of moisture from the environment. The silver anode is almost entirely
covered with a deposit of black silver oxide. The platinum stud and dome are both dirty and badly
scratched. This will cause an uneven layer of electrolyte beneath the membrane during
measurement leading to unstable and unresponsive signals. This disc is beyond economic repair.

In contrast, this disc has been maintained according to our recommendations and has been stored
correctly in an air tight container with desiccant. The epoxy resin is clear, the silver anode is
smooth and polished and the platinum cathode is scratch free. The area of the electrode dome
surrounding the cathode is also free from abrasions and pits across the entire surface. An
electrode disc, when kept in this kind of condition will provide years of high quality measurements

Disc is Left to Dry Out After Use

With the electrode disc un-polarised, the KCl electrolyte dries out quickly in air and begins to
crystallise. KCl is quite aggressive and will, by capillary attraction, deposit in any minor crevice. If
the electrode is left to dry out several times, it is possible that the KCI will finally break down the
seal between either of the metal electrodes and the epoxy resin surround and seep into the
fissure formed where it will crystallise to further expand the fissure.
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This is most likely to occur between the platinum cathode and epoxy resin dome and regrettably
will cause most damage at this point. Damage to the electrode can be observed under low power
microscopy (x10 magnification) as a broad white collar around the neck of the platinum as shown
in the image above. The effect of this will be to cause instability and drift of the electrode signal
and a large increase in the level of electrical signal observed in zero oxygen (residual current).
This will have the effect of reducing the ability of the electrode to measure small changes in
oxygen flux and will eventually render the electrode unserviceable and beyond economic repair.
The disc will require replacement.

After use, the electrode disc should be stripped down, cleaned carefully according to our
recommended procedures and stored in a dry, air-tight container with added desiccant.

It is possible to leave electrode discs in liquid-phase systems prepared over-night PROVIDED it
remains polarised and is left mounted in the electrode chamber with stirred air-saturated water in
the reaction vessel. In gas-phase measurements, the electrode is likely to dry out more rapidly and
we would recommend stripping down, cleaning and storing the electrode after each measurement
day.

Cleaning with Unsuitable Materials

Hansatech Instruments Ltd offer the S16 cleaning kit for maintenance of the oxygen electrode
disc. The kit contains special cleaning pastes which are recommended for optimal electrode
performance.
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In the absence of this kit, users have resorted to cleaning the electrode with various abrasive
compounds including commercial metal polishes or smoker's toothpastes etc. We would caution
against the use of inappropriate materials as they may cause irreversible damage to the
electrode. Some metal polishes are harmful to the disc as they can contain an ammonia base or
solvent additive. These substances can cause irreversible poisoning to the platinum cathode and
could also cause significant damage to the epoxy resin. Excessive cleaning with abrasive
substances can badly scratch and alter the profile of the electrode dome which may cause an
uneven layer of electrolyte across the cathode leading to instability, drift and lack of
responsiveness of the oxygen signal. The S16 electrode cleaning kit is supplied with all Oxygraph
and Oxytherm Systems and can also be obtained by contacting us directly. Details of the cleaning
procedure can be found in the Cleaning Procedure section.

1.3.2 Cleaning the Electrode Disc

Periodic maintenance is required if you are to maintain your electrode in good condition. It should
be cleaned after use and before prolonged storage. It is particularly important that the electrode is
never left to dry out with electrolyte in place, as crystallisation of electrolyte may cause the
platinum/epoxy resin seal to be breached and crystalline electrolyte to be deposited around the
cathode. If this occurs, the electrode will become rapidly unserviceable and will require
replacement. Cleaning is best achieved by following the procedure outlined below. (An electrode
maintenance kit -ordering code S16- containing the items described is available. Please contact
Hansatech Instruments for further details). It is important to use the correct polishing agent as
harsh abrasive substances will damage the resin in which the electrodes are set. It should also be
noted that many commercial metal polishes contain ammonia or solvents which may cause
irreversible poisoning of the platinum cathode.

Cleaning Procedure

Silver Anode

The silver electrode (anode) is subject to electrochemical deposition of chloride and oxide salts
during use. This typically manifests as a brown/black deposit which forms on the surface of the
Silver. Whilst deposition of small amounts of brown Silver Chloride is normal and desirable,
excessive deposits or deposits of black oxides will cause a rapid deterioration in electrode
performance and may result in lower signal levels, signal drift and increased signal noise. Select a
small cotton bud from the maintenance kit. Cotton buds vary a little in size, so check to see that
the diameter of the cotton bud will allow it to be fully inserted into the well of the electrode, thus
allowing contact with the silver electrode in the base of the well. If the bud is a little large,
carefully reduce the size of the cotton bud by removing a layer of cotton wool from the tip until the
bud will fit the well. Moisten the bud with a little distilled water. Apply a small amount of either
the Rapid Hansatech Polishing paste to the tip of the bud. Insert the bud into the well of the
electrode and gripping the bud just above the tip, apply moderate pressure and gently rotate the
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bud around the electrode well in a circular motion 6 - 10 times. Observe the Silver anode. Continue
to gently polish the silver electrode until all brown or black deposits on the surface of the silver
are removed and the surface of the silver is highly polished.

Platinum Cathode

The platinum cathode is not subject to such deposition and all that is necessary is to maintain a
scratch-free highly polished finish using the procedure outlined below. Apply a small amount of
the Rapid Hansatech Polishing paste (revised cleaning kits supplied from 01/10/01) or the No. 2
Fine Hansatech Polishing paste (earlier 2 part cleaning kits with Coarse and Fine pastes) to the
unused end of the cotton bud moistened with a little distilled water, or if preferred to a small
piece of moist cotton wool. Now, using a circular motion, gently polish the platinum cathode
located in the centre of the electrode dome. It is important to restrict the polishing motion to the
platinum and avoid as much as possible contact with the epoxy resin surrounding the platinum.
Excessive polishing of the cathode area is to be avoided as this will eventually lead to a change of
curvature of the electrode dome, which will result in deterioration of electrode performance. When
finished, the platinum cathode should have a “mirror finish”. If the surface of the platinum has
become scratched, repeat the above procedure using the Rapid Hansatech Polishing paste
(revised cleaning kits supplied from 01/10/01) or first using the No. 1 Coarse Hansatech Polishing
paste, followed by the No. 2 Fine Polishing paste (earlier 2 part cleaning kits with Coarse and Fine
pastes).

1.3.3 Electrode Disc Rinsing, Drying & Storage

Rinsing & Drying

Once the electrodes have been satisfactorily cleaned, it is important to remove all traces of the
polishing paste from the electrode surfaces by rinsing the electrode with a small volume of
distilled water whilst gently scrubbing these areas with a soft bristled brush. (A toothbrush is
ideal). Avoid wetting the electrical connector of the disc during this procedure. Dry the electrode
thoroughly using paper towel.

Storage
Store the electrode, when not in use, in an air-tight container along with a suitable desiccant such
as Silica gel. Periodically replace or rejuvenate the desiccant.

1.3.4 Leaving the Electrode Disc Polarised Overnight

At the end of a day's experiments, care of the used equipment not only constitutes good
laboratory practice but is also crucial to the longevity of the equipment, particularly the electrode
disc. Once the experiments are finished, there are 2 procedures that may be followed to ensure
that the disc is kept in good working condition:

Apparatus is dismantled
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The reaction mixture and magnetic follower (or leaf disc and supports in gas phase
measurements) should be removed from the electrode chamber. Any hazardous substances should
be disposed of according to any COSHH guidelines in practice in the lab. The disc should be
removed from the chamber base and disconnected from the electronics.

Carefully remove the smaller O-ring, membrane and spacer paper with a pair of forceps paying
particular attention to not scratching the electrode dome. An uneven surface across the dome
results in an uneven layer of electrolyte leading to unstable oxygen signals in future
measurements.

The disc should be rinsed thoroughly with deionised water and dried (avoiding contact with the
electrode cable connection in the case of Oxygraph+ users. Using the S16 cleaning kit (supplied)
and following the guidelines set out in the Electrode Cleaning and Maintenance section of this
document, clean the silver anode of the disc in order to remove any silver oxide (black deposit) or
silver chloride (brown deposit) which may have tarnished the silver during the electrochemical
reactions that occur during polarisation.

Once thoroughly cleaned and rinsed, the disc should be placed in an air tight, desiccated
container and stored away from direct sunlight until needed.

Apparatus remains polarised

It is feasible to leave the disc set up over night if measurements are to continue the following day.
However, strict guidelines must be observed in order to prevent irreversible damage to the
electrode disc. Please note that the following procedure is only suitable for liquid-phase
measurements.

Once the final measurement of the day is complete, remove any reaction mixture from the
chamber and replace with approx 1.5ml of deionised water.

Replace the magnetic follower and set the stirrer to On. It is important to leave the disc polarised

in stirred, deionised water if the disc is to be left overnight in order to prevent the disc from drying
out. The effects of drying out are described in the Electrode Cleaning and Maintenance section of

this document.

When starting measurements again the following day, it is advisable to re-check the disc
calibration by first adding a sample of air-saturated deionised water and ensuring that the oxygen
signal compares to the Oxygen Calibration Table published by Truesdale & Downing (Nature
173:1236, 1954), followed by adding sodium dithionite or bubbling nitrogen gas into the reaction
chamber in order to check the zero oxygen line.

If the steps described above indicate the disc preparation is still in a good condition,
measurements may continue. However, if the measured signals show deviations in the expected
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signals, it is advisable to either recalibrate or in some circumstances, it may be necessary to
dismantle the disc for cleaning purposes and re-preparation.
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