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1 Preface

This manual is designed to highlight the key features, setup procedures and general maintenance
of the Leafview 1 System.

1.1 Document Conventions

If viewed electronically, blue highlighted text can be clicked in order to link to other parts of this
document or to Internet locations. In order for the external links to be completed, an Internet
connection must be established.

1.2 Notice

This instrument must not be used in situations where its failure could result in injury or death. For
applications where failure of this instrument to function correctly would lead to consequential
damage, the analyser must be checked for correct operation and calibration at intervals
appropriate to the criticality of the situation.

This manual is provided to help you install and operate the equipment. Every effort has been made
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to ensure that the information contained in this manual is accurate and complete. Hansatech
Instruments Ltd does not accept any liability for losses or damages resulting from the use of this
information.

Hansatech Instruments Ltd equipment warranty is limited to replacement of defective
components, and does not cover injury to persons or property or other consequential damage.

This manual, and the information contained in it, is copyright to Hansatech Instruments Ltd. No
part of the manual may be copied, stored, transmitted or reproduced in any way or by any means
including, but not limited to, photocopying, photography, magnetic or other mechanical or
electrical means, without the prior written consent of Hansatech Instruments Ltd.

LS2 is covered under warranty for one complete year, parts and labour included. This, of course, is
provided that the equipment is properly installed, operated and maintained in accordance with
written instructions contained within this manual.

The warranty excludes all defects in equipment caused by incorrect installation, operation or
maintenance, misuse, alteration, and/or accident.

If for some reason, a fault is covered under warranty, it is the responsibility of the customer to
return the goods to Hansatech Instruments Ltd or an authorised agent for repair or replacement of
the defective part(s). For service, please contact us.

© 2017 Hansatech Instruments Ltd
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2 S1 Electrode Disc

2.1 Introduction

2.1.1 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.

2.1.2 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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2.2 Electrode Preparation

2.2.1 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

© 2017 Hansatech Instruments Ltd
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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.

© 2017 Hansatech Instruments Ltd
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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

2.2.2 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.

2100 at 1
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2040
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1800
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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.

© 2017 Hansatech Instruments Ltd
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2.3 Electrode Disc Cleaning

2.3.1 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.

© 2017 Hansatech Instruments Ltd
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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.

© 2017 Hansatech Instruments Ltd



S1 Electrode Disc 19

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.

2.3.2 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).

2.3.3 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.

2.3.4 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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3 LD1/2 Oxygen Electrode Chamber

3.1 Introduction

3.1.1 Introductionto LD1/2

The LD1/2 leaf-disc electrode chamber is a simple device for measuring oxygen exchange from a
10 cm2 leaf disc mounted within a sealed, gas-tight chamber. The LD1/2 is constructed from black
acetal with a cast acrylic top window allowing the sample to be evenly illuminated for
photosynthesis measurements using either the LH36/2R LED light source (when connected to the
Oxylab electrode control unit) or the LS2 high intensity white light source.

The apparatus was primarily designed to give a measure of photosynthesis in saturating carbon
dioxide. At 5% carbon dioxide stomata will normally close but the diffusion gradient is so large
that the closed stomata offer no sensible barrier to carbon dioxide entry. At concentrations of
carbon dioxide above 5%, inhibition of a variety of cellular processes will become increasingly
probable. At lower concentrations closed stomata will become increasingly important. Please note
that while alkaline buffers can be used to generate concentrations of carbon dioxide which would
be too low to induce stomatal closure, the cutting of the disc will often produce this effect and it
may then be some time before stomatal response becomes "normal".

3.1.2 Features ofthe LD1/2

A: Cast Acrylic Top Window.
B: Water Jacket.

C: Water Jacket Connectors.
D: Leaf Chamber.
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E: S1 Electrode Disc.
F: Base ring.

G: Securing Clasps.
H: Gas Port.

3.2 Setting up the LD1/2

3.2.1 Installing the S1 Electrode Disc in an Electrode Chamber

Before installing the electrode disc into the chamber, it should be correctly prepared according to
the guidelines set out in the Electrode Preparation section.

Once the disc has been prepared and suitably tested, it is now ready to be installed in the
electrode chamber.

Remove the base ring from the electrode chamber and place the prepared electrode disc onto the
top.

Offer the base ring and disc assembly up into the underside of the main body of the electrode
chamber so that the electrode cable connection fits with the key way on the chamber base thread.
Gently hold the base in position while threading the base ring onto the electrode chamber so that
it is slightly more than finger tight.

IT IS IMPORTANT NOT TO OVER-TIGHTEN THE BASE RING AS THIS WILL CAUSE THE MEMBRANE
TO STRETCH OVER THE ELECTRODE DOME. DURING MEASUREMENT, WHEN THE MEMBRANE
STARTS TO RELAX, THE MEASURED SIGNAL WILL DRIFT.

Ensure that the electrode remains polarised in order to prevent the electrode from drying out
whilst other preparations are made prior to measurement.

3.2.2 Checking for Leaks

Once an electrode disc is giving a stable signal, the electrode response may be used to test the
system for leaks. Fit the electrode disc into the base of the electrode chamber as described above.
Insert a gas-tight syringe into one of the gas taps whilst ensuring that the second gas-tap is in the
closed position. Inject or remove air (typically 1 ml) from the chamber using the syringe. Either
way, a rapid positive or negative response should be observed and no further drift should be
detected. It should be noted that the electrode signal should be very stable if the tap is open. If
excessive drift occurs when the tap is open then the electrode has not yet stabilised (some
downward drift always occurs when the potentiating voltage is first applied but if this has not
fallen to negligible proportions within half an hour then the electrode itself may require attention).
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Removing 1 ml of air from the chamber will induce a rapid negative response in electrode signal.
Once the signal re-stabilises, no further drift should occur (A in diagram below). A gradual upward
drift (B in diagram below) may indicate a leak in the chamber allowing ambient air entry.
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When the tap is closed, some downward drift will always be observed at higher gain but, in
normal use and normal gain, it should be negligible. It is caused by oxygen consumption at the
cathode. It can be diminished by using less amplification but not without loss of sensitivity (see
e.g. Delieu & Walker, New Phytol. 71, 201-225 (1972)).

If the electrode chamber leaks then the only likely possibilities are that one or more of the O-rings
involved in sealing the chamber are insufficiently compressed, incorrectly seated or worn.

Also, check that the luer fit between the gas tap and port is properly made and gas tight. This can
be checked by removing the suspect tap and repeating the leak test with the syringe fitted directly
to the gas-port.

It is also important to ensure that the 2 O-rings on the prepared electrode disc are in place. If the
leak is still not detected once all the O-rings have been checked / replaced, please follow these
guidelines carefully however it should be noted that this practice should be used as a last resort.

Inject several ml of air into the chamber and close the gas tap. Disconnect the electrode
connection cable and submerge the entire electrode chamber in a bowl of water. Rising bubbles
will show the location of the leak.

IT IS CRITICAL THAT THE CONNECTOR OF THE ELECTRODE DISC IS DRIED THOROUGHLY BEFORE
MEASUREMENTS PROCEED AS LIQUID IN THE CONNECTOR WILL CAUSE SHORT CIRCUITS.
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3.2.3 Preparing the Sample

Typically a 10 cm? leaf disc is cut from the sample material using the circular cutting tool provided
and placed on a sandwich of materials which is inserted into the reaction chamber as shown in
the diagram below.

In the Ld1/2 electrode chamber the leaf disc (A) is supported by a sandwich of materials. Beneath
the leaf is a stainless steel grid an unperforated centre (B), layer of capillary matting (C), stainless
steel grid with open centre (D), sponge spacer (E) and a stainless steel washer (F) which locates
nearest the electrode disc.

The purpose of the sandwich of materials is to support the leaf sample above the cathode whilst
still permitting adequate diffusion of evolved oxygen through the floor of the reaction chamber to
the cathode of the electrode disc.

A stainless steel washer with a hole in the centre locates around the cathode to provide a
foundation for the other layers. These consist of a sponge spacer and a layer of bicarbonate
treated capillary matting (please refer to the Maintaining Carbon Dioxide Inside the Reaction
Chamber section) separated by a stainless steel grid. A further stainless steel grid with a closed
centre supports the leaf sample above the capillary matting to allow gas exchange by the leaf.
The closed centre in the steel grid prevents actinic light transmitted through the leaf interfering
with the electrochemical reaction which occur at the cathode.

The sandwich of materials is loaded into the reaction chamber using the loading tool to align the
layers. The loading tool should be seated around the edge of the chamber whilst the layers are
gently lowered in sequence through the centre of the tool.
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A stainless-steel leaf disc cutter is provided. This should be used in conjunction with a soft rubber
pad held behind the leaf during cutting and should not be allowed to become blunt. The cut disc
has an area of 10cm?. The size of the disc ensures that the proportion of cut cells to intact cells is
negligible. Once the sample is in place, the loading tool should be removed carefully to avoid
disturbing the alignment. The O-ring which seals the reaction chamber is then added around the
edge of the sandwich and the top of the chamber lowered and sealed using the clips on the side
of the chamber. If a 10 cm? leaf disc has been used the upper surface of the leaf sample should
fill the visible area of the window of the chamber. If this is not the case the alignment of the
sandwich has been disturbed which will result in failure to illuminate all of the leaf area properly.
The chamber should be opened and the sandwich re-aligned with the loading tool.

SMALLER SAMPLES WITH AN AREA LESS THAN 10 CM2 CAN BE MEASURED IN THE ELECTRODE
CHAMBER. FOR PROPER ILLUMINATION THEY SHOULD BE PLACED IN THE CENTRE OF THE
REACTION CHAMBER AT THE TOP OF THE SANDWICH. IT IS ADVISABLE TO MEASURE THE AREA
OF SAMPLE PRIOR TO INSERTION SO THAT MEASUREMENTS OF OXYGEN FLUX CAN BE
NORMALISED ON A UNIT AREA BASIS. IT SHOULD BE REMEMBERED THAT SMALL SAMPLES WILL
GENERALLY YIELD SMALLER OXYGEN SIGNALS WHICH COULD BE HARDER TO RESOLVE. A
COMMON TECHNIQUE TO OVERCOME THIS WITH LONG THIN LEAFED SAMPLES SUCH AS GRASS
SPECIES IS TO FILL THE 10 CM2 AREA WITH A NUMBER OF LEAVES ADJACENT TO EACH OTHER.

3.2.4 Maintaining Carbon Dioxide Inside the Leaf Chamber

During photosynthesis carbon dioxide is removed from the environment and reduced to
carbohydrate within the leaf. In a sealed or "closed" system such as the gas phase oxygen
electrode, the concentration of carbon dioxide will gradually decline as photosynthesis proceeds.
Eventually the availability of carbon dioxide will limit the rate of photosynthesis rather than any
inherent physiology of the sample.

The time before such artefacts appear is determined by several factors, namely the rate of carbon
dioxide consumption by photosynthesis and the quantity of carbon dioxide sealed in the reaction
chamber at the beginning of the experiment. Under standard atmospheric conditions air contains
approximately 0.035% carbon dioxide by volume. Hence the reaction chamber of the empty
electrode unit contains approximately 245 ul of carbon dioxide (0.035 % x 1000 x the volume of
the reaction chamber 7 ml). A typical healthy 10 cm? C3 leaf disc can easily consume 50 pl carbon
dioxide min-1 which could cause the leaf disc chamber to become depleted within 4 - 5 minutes
(Walker 1987). It is also possible that desiccation of the sample over a period of time could cause
leaf stomata to close, restricting entry of carbon dioxide to the interior of the leaf where
assimilation occurs. An elevated ambient carbon dioxide concentration reduces the risk of such
problems by increasing the total amount of carbon dioxide in the reaction chamber and the
diffusion gradient for carbon dioxide entering the leaf. Normally carbon dioxide concentrations in
the order of 1% are used to reduce the possibility of excessive carbon dioxide affecting other
cellular processes (Walker 1987).
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Several techniques can be used to increase the carbon dioxide concentration of air in the reaction
chamber to around 1%. The most common method is the addition of a small amount of
bicarbonate buffer to the capillary matting the reaction chamber. If a bicarbonate solution left to
equilibrate with an equal volume of air at around 25°C, the solution will dissociate to [HCO3-] and
[CO2] in a ratio of nearly 90 : 1. Using this information it is possible to calculate the quantity of
bicarbonate solution which is required to yield a 1% carbon dioxide atmosphere in the volume of
the reaction chamber. The calculation is as follows:

A 1% carbon dioxide atmosphere contains 10 ml carbon dioxide per litre of gas. Since 1 mole of an
ideal gas occupies a volume of 24.45 L at 25°C, 10 ml of an ideal gas at 25°C will contain 1/
(24.45 x 1000 x 10) or 0.409 mmoles i.e. the concentration of carbon dioxide in a 1% atmosphere
is 0.409 mM. As bicarbonate dissociates in ratio of 90 :1 a bicarbonate solution 90 times as
concentrated will dissociate to yield a 1% carbon dioxide atmosphere. The concentration of such a
solution will be 90 x 0.409 of 36.81 mM.

In the reaction chamber of the LD1/2 electrode the capillary matting is usually treated with 2 or 3
drops of bicarbonate solution ( 0.2 ml) which is left to equilibrate with a greater volume of air ( 7
ml). Hence the concentration of the bicarbonate solution must be scaled up by a suitable factor
(7 /0.2 or 35 times). As a result 2 or 3 drops of a 1M bicarbonate solution is usually sufficient to
yield a 1% carbon dioxide atmosphere in the reaction chamber.

SODIUM OR POTASSIUM BICARBONATE IS FREQUENTLY USED. A MOLAR SOLUTION CONTAINS
84.01 GL-1 SODIUM BICARBONATE OR 100.12 GL-1 POTASSIUM BICARBONATE.

The carbon dioxide concentration can be controlled more precisely by mixing pure cylinder gases
in defined concentrations. Premixed "special" gases can be purchased to order or gas from
cylinders of pure oxygen, nitrogen and carbon dioxide can be mixed in defined ratios using mass
flow control valves or Wostoff pumps. The carbon dioxide concentration of such a blend can be
verified using an infra red gas analyser (IRGA) and adjusted to precise requirements. The gas
mixture can then be flushed through the LD1/2 chamber to displace atmospheric air by opening
both taps.

If a number of experimental protocols are performed consecutively on the same sample or if
experiments involving high rates of photosynthesis are carried out, it is possible that the carbon
dioxide content of the 1% carbon dioxide atmosphere in the reaction chamber will be insufficient.
The use of carbon dioxide concentrations in excess of 1% is not advisable due to the risk of
artefacts induced by elevated carbon dioxide effects on other cellular processes. Hence it may be
necessary to re-charge the chamber with carbon dioxide during a protocol. This is done by
unsealing the reaction chamber by opening both taps and flowing air containing elevated carbon
dioxide through the chamber to replace the carbon dioxide depleted air. Ideally this should be
done with a known gas composition which has been warmed and humidified to the same extent as
the chamber air. However if gas mixing apparatus is unavailable enhanced levels of carbon
dioxide can be achieved by passing exhaled air through the chamber.
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ANY AIR WHICH IS FLOWED THROUGH THE CHAMBER SHOULD BE PRE-EQUILIBRATED TO THE
TEMPERATURE OF THE CHAMBER. THIS IS DONE BY BREATHING EXHALED AIR INTO A SEALED
CHAMBER STORED IN THE CIRCULATING WATER-BATH WHICH CONTROLS THE CHAMBER
TEMPERATURE. AIR CAN BE TRANSFERRED AND FORCED THROUGH THE OPEN LD CHAMBER VIA
SYRINGE. AFTER REMOVAL OF THE SYRINGE FROM THE TAP IT IS IMPORTANT TO LEAVE THE
CHAMBER OPEN FOR A FEW SECONDS TO ENSURE THAT THE AIR PRESSURE INSIDE THE
CHAMBER HAS NOT INCREASED.

In the presence of carbon dioxide, Clark-type oxygen electrodes normally develop bicarbonate in
the electrolyte. This is because hydroxyl ions are generated at the cathode as oxygen is reduced
and these react with carbon dioxide diffusing through the membrane. In some circumstances (e.g.
if the carbon dioxide in the chamber is at a high partial pressure and if the oxygen consumption at
the cathode is low, as it will be if no oxygen is being evolved within the chamber) the entry of
carbon dioxide will exceed the formation of hydroxyl ions and the electrolyte will become acid. In
consequence, the residual current will rise and, particularly if the electrode is being used at its
maximum sensitivity, an appreciable artificial signal may be recorded. Under extreme conditions
this can make the apparatus unusable because the spurious signal increases with time and,
therefore, varies with the immediate past history of the electrode.

3.25 Temperature Control

3.2.5.1 Introduction to Temperature Control

All experimental assays will have an optimum temperature at which the sample will be most
efficient in either evolving or consuming oxygen and it is important that this experimental
temperature is maintained at all times throughout the duration of the experiment. This includes
ensuring that any additions to be made to the reaction vessel during the experiment are pre-
equilibrated to the assay temperature before being added.

According to the studies of G.A. Truesdale and A.L. Downing (The solubility of oxygen in water,
1954, Nature 173: 1236), at any given temperature and atmospheric pressure, air saturated, de-
ionised water contains a known concentration of dissolved oxygen which may be calculated
mathematically.

Oxygen concentration in a liquid decreases as temperature increases which is why it is important
that the assay temperature is established for both the sample and any additions prior to the
commencement of the experiment. However, in addition to this effect, the oxygen electrode disc
itself is also sensitive to temperature.

The electrode disc signal increases with an increase in temperature. In assays where higher
temperatures are used (such as mitochondrial respiration studies), it is recommended that the
disc is fully equilibrated to the assay temperature before any calibration or measurement takes
place. This can take up to 15 minutes.

© 2017 Hansatech Instruments Ltd



LD1/2 Oxygen Electrode Chamber 31

Therefore, it is not just liquid-phase measurement systems that are temperature critical; gas-
phase systems are equally susceptible to fluctuations in temperature.

The assay temperature needs to be decided as one of the initial considerations of the experiment
as the apparatus is calibrated based on a specified temperature.

With the exception of the Oxytherm Peltier chamber, all other liquid and gas-phase electrode
chambers provide temperature control to the sample and disc via a water jacket which
encapsulates the reaction / sample vessel. In liquid-phase systems, the vessel is constructed from
borosilicate glass allowing an efficient heat transfer between the circulating water and the
sample, thus maintaining effective temperature control.

In gas-phase electrode chambers, the sample is separated from the circulating water by a quartz
window which also provides an effective thermal transfer.

The water jacket should be connected, using the plastic connectors provided, to the flow and
return tubes from a thermoregulated circulating water bath.

In DW1, DW1/AD and DWS3 electrode chambers, connect the flow tube to the lower water jacket
connector and the return tube to the upper water jacket connector. This ensures that a fresh
supply of water is constantly flowing around the DW1 water jacket and assists in dispersing any
air bubbles which will rise naturally to the upper outlet port. In all other electrode chambers, the
water jacket connectors are on the same plane so flow/return tubes may be connected to either
connector.

The tubing lengths between the circulator and the electrode chamber should be kept minimal in
order to maintain good temperature control. A circulator providing a flow rate of 6 litres/min or
more is recommended.

Although the water jacket gives more positive control of sample temperature than many systems
in which control is effected entirely by circulated air, it is, like them, entirely incapable of rapidly
dissipating heat generated within the chamber by light containing a large infra-red component.

Appropriate filters (water, copper sulphate solution, interference filters, heat-reflecting mirrors
etc) should therefore be employed when using a light source. Light saturation without heating is,
of course, extremely difficult to achieve but the fact that the electrode is itself very responsive to
small changes in temperature provides an easy method of checking the effectiveness of any light
filtering system which is employed.

Halogen white light sources such as the Hansatech LS2 and the discontinued FLS1 light source
produce a significant amount of heat. These light sources were fitted with an infra-red reducing

hot-mirror filter in order to reduce the heating effect of the light source.

All current Hansatech light sources contain LED emitters which produce significantly less heat
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output.

3.2.5.2 Temperature Effects on Liquid-Phase Samples

According to the studies of G.A. Truesdale and A.L. Downing (The solubility of oxygen in water,
1954, Nature 173: 1236), at any given temperature and atmospheric pressure, air saturated, de-
ionised water contains a known concentration of dissolved oxygen which may be calculated
mathematically.

This data is based on measurements of dissolved oxygen in water at the given temperature and
standard atmospheric pressure published by Truesdale & Downing (Nature 173:1236, 1954).

Temperature ('C)  Oxygen (PPM)  Oxygen (nmol/ml)

0 14.16 442 5
5 12.37 386.6
10 10.92 341.3
15 0.76 305

20 8.84 276.3
25 8.11 253.4
30 /.52 235

35 7.02 2194

The formula used in calculating the oxygen values in the table is as follows:
Cs=14.16 - (0.394 * T) + (0.007714 * TA2) - (0.0000646 * TA3)
(Where Cs is the oxygen saturated concentration in ppm and T is temperature in °C)

1 ppm is equivalent to 1ug/ml or (1pg/32g/mol) = 0.03125 pmol/ml or 31.25 nmol/ml

3.2.5.3 Temperature Effects on the Electrode Disc

The electrode disc signal increases with an increase in temperature. Therefore, the response from
the disc opposes that of the oxygen signal at different temperatures. In assays where higher
temperatures are used (such as mitochondrial respiration studies), it is recommended that the
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disc is fully equilibrated to the assay temperature before any calibration or measurement takes
place. This can take up to 15 minutes and can be observed as follows:

e Prepare the electrode disc and mount correctly into the base of the electrode chamber. For
liquid-phase chambers, add a 1ml, stirred sample of air-saturated, de-ionised water that is pre-
equilibrated to the experimental temperature to the chamber.

e Connect the water jacket(s) of the electrode chamber to the supply from the circulating water
bath (Refer to Setting Up Temperature Control section for more information).

e Begin a recording from the electrode disc and observe the oxygen signal. If the experimental
temperature is high (e.g. 32°C), the signal from the electrode disc will initially rise due to the
temperature sensitivity of the disc.

e Once the disc begins to equilibrate to the temperature, the signal will begin to decline as the
higher temperature effect on the sample is opposite.

e Once the signal from the disc has re-stabilised, the disc is equilibrated to the assay temperature
and calibration may be performed.

3.3 Care and Maintenance
3.3.1 LD1/2 Disassebly

The cast acrylic top window of the LD1/2 simply unscrews allowing the inside of the water jacket
to be cleaned. Take care not to expose the Perspex (Plexiglas) top window to undiluted ethanol,
acetone etc. Please note that the large O-ring which seals the leaf chamber to the quartz glass
window of the top section should be checked for its condition from time to time and replaced if
necessary. If it becomes perished it is possible that the leaf chamber will no longer be gas tight.
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3.3.2 LD1/2 Spare Parts

F—]

e A: Cast Acrylic Top Window
Part No. 820051

e B: Spare O-Rings
Part No. S8B

e C: Water Jacket
Part No. 941000

e D: Gas Port
Part No. 820055

e E: Base Ring
Part No. 820054

e F: Leaf Chamber
Part No. 941001

[ws

\

I gmu \ \

e Electrode Disc
Part No. S1
e Quartz Window for Base of Water Jacket
Part No. 885201
e Spare O-Rings
Part No. S8B
e Sample Supports
Part No. S14
e Gas-Taps and Syringes
Part No.S15
e Leaf Cutter Tool
Part Np. 941002
e Leaf Alignment Tool
Part No. 941003
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4 Oxyview Electrode Control Unit

4.1 Introduction to Oxyview

The Oxyview electrode control unit is designed for use with the range of Hansatech Instruments
Ltd electrode units to provide a convenient method of measuring oxygen evolution or uptake in
measurements of photosynthesis or respiration.

The control unit supplies a user definable polarising voltage of between 0.4 and 0.9 volts
(recommended default 0.7 volts) to the electrode disc. The resulting current from the electrode in
the presence of oxygen is converted to a signal which is displayed in either mV or percentage O,.

The polarising voltage is the potential difference between the platinum and silver electrodes of
the oxygen sensor. In this system, the platinum electrode is a cathode and is held at ground
potential whereas the silver electrode is an anode and is held at +0.7V with respect to the
platinum cathode.

The Oxyview electrode control unit has an integral magnetic stirrer providing adequate mixing of
the sample within the electrode chamber. The stirrer speed is fully adjustable in percentage steps
between 250 and 900 rpm. Built-in gain controls allow smaller signals to be amplified and an
analogue output allowing the S1 electrode signal to be plotted to an external data logging device
such as a chart recorder.

The Oxyview has been designed to perform as a cost effective teaching system which provides a
high degree of accuracy typically found only in more expensive research systems.
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4.2  Setting Up Oxyview

4.2.1 Features of the Oxyview Control Unit

A: Touchpad.
B: LCD display.
C: Magnetic stirrer cover.

37
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4.2.2 Connections to the Oxyview

A: 12V D.C. power supply connection.

B: Power on/off button.

C: Electrode disc SMB connection.

D: Optional external recorder BNC connection with a 0 - 4095mV signal output.

4.3 Operating Oxyview

Oxyview has 2 different methods of operation, Digital and Percentage Display modes. The Digital
Display mode is intended for use in liquid and gas-phase systems. The Percentage Display mode
is typically intended for use in gas-phase systems as an indicator of the oxygen concentration of
ambient air.

This manual describes only the Digital Display mode only.

The menu sequence consists of a series of setup screens which lead into a final Measurement
screen. The Oxyview control unit is operated via a touch sensitive keypad which selects and adjust
various options and values in order to configure the instrument for use. The image opposite shows
the touchpad layout and describes the functionality of each key.

e The Mode key advances the display to the next screen. It is also used at startup to switch to the
alternative display mode.

e The + and - keys are used to adjust values in screens which require configuration including gain
and backoff setting screens.
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e The Select key has different functionality depending on which screen is currently displayed. The
function of the key will always be displayed in the lower right corner of the LCD display.

The first step is to prepare and mount an electrode disc into the base of the electrode as
described in the previous chapters of this document. Once this has been completed satisfactorily,
connect the electrode connection cable first to the rear of the Oxyview control unit and then to the
electrode disc itself. The Oxyview may then be powered up by pressing the Power On/Off button
on the rear of the control unit (see B in the image above).

Switch on the Oxyview control unit via the on/off switch on the rear panel . The title screen will be
displayed followed by an indication of the currently selected display mode. The default mode is

Digital display and will be indicated as shown in the image below.

Pressing the Mode button at this stage will switch the Oxyview to Percentage Display mode.

ngc;c h  Oxyview System

4.3.1 Magnetic Stirrer Control

Once the display mode has been selected, the menu advances to the stirrer control screen as
shown in the image opposite. Using the + and - keys, the stirrer speed may be set in percentage
increments of between 250 and 900 rpm (1% being 250 and 100% being 900 rpm respectively).
The stirrer motor is switched on and off using the Select key. The status of the stirrer is also
indicated by On or Off displayed next to the current stirrer speed. The selected stirrer speed is
also displayed in the upper left corner of the LCD display.

An appropriate stirring speed should be determined by placing a prepared electrode disc into the
base of an electrode chamber and connecting the electrode to the rear of the Oxyview control
unit. Place the electrode chamber over the stirrer cap on top of the control unit and add 1.5ml of
de-ionised water to the reaction vessel. Drop a magnetic follower into the vessel and remove any
bubbles from the chamber which may impede the motion of the magnetic follower.

Set the stirrer to, for example, 75% and switch the stirrer on. Observe the magnetic follower in the
reaction vessel and ensure that the stirrer bar is rotating smoothly above the dome of the
electrode disc. If the magnetic follower appears erratic and is bouncing on the sides of the
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reaction vessel, decrease the stirrer speed. If the magnetic follower is rotating smoothly but the
signal from the electrode disc is dropping, increase the stirrer speed in stages until the signal
from the electrode becomes stable. The stirrer speed is stored when the unit is switched off and
the same speed will be selected automatically when the unit is re-powered. Once the appropriate
speed has been configured, press Mode to advance to the next screen.

4.3.2 Backing Off the Residual Current

The next screen allows Back Off to be applied in order to offset the residual current from the
electrode disc. Oxygen electrode discs have a small residual current which flows between the
anode and cathode even when the oxygen concentration around the cathode is zero. This small
value must be backed off from the signal in order that zero oxygen equals zero signal output. The
residual current may be determined from either of 2 methods. In both cases, the electrode should
be prepared and mounted in the electrode chamber and connected to the Oxyview control unit.
Approx. 1.5ml of de-ionised water should be placed in the reaction vessel and the stirrer should be
activated. Once the signal from the disc is stable, make a note of the value displayed on the LCD.

Use one of the methods described below to remove all the oxygen from the de-ionised water.

e Add a few crystals of sodium dithionite (Na,S20,) which will consume all the oxygen within the

sample.
e Flush the electrode chamber with N2 to displace all oxygen in the reaction vessel.

In both cases, the value on the digital display will decline rapidly as oxygen is consumed /
displaced.

Once the signal has stabilised, the value on the digital display is the zero oxygen or N2 line and
represents the residual current of the electrode disc. The figure will not be zero on the display but
should typically be less than approximately 2% of the original stable air saturated water value. A
significantly higher residual current could indicate a faulty electrode disc.
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Use the + key to add Back Off to the signal. In the case of the image sequence below, the residual
current of the electrode was 12mV. Therefore, a Back Off value of 12 has been assigned. This
ensures that the Oxyview control unit will now display 0 mV at a zero oxygen concentration. If too
much Back Off is applied and the signal underscales, a flashing 0000 will be displayed. In this
case, reduce the amount of Back Off until the 0000 ceases to flash. Back Off settings may be
reset to default values by pressing the Select key. Press Mode to advance to the Coarse Gain
setting screen.

Hﬂ’d‘:ﬂ? Oxyview System Harﬁz_gfz Oxyview System

4.3.3 Applying Gain

Before Gain is applied to the signal, it is important to remove the oxygen depleted sample from
the electrode chamber. This is particularly important if sodium dithionite has been used. Flush the
chamber several times with clean water taking care not to damage the electrode membrane or
loose the magnetic stirrer bar. Once all traces of dithionite have been removed from the chamber,
the system is ready to proceed to calibration of the upper oxygen value.

The screen below shows the Coarse Gain setting screen. This menu option allows gain to be
applied to the signal from the electrode disc in pre-defined steps of x1 (default), x2, x5, x10, x20,
x50 and x100. This setting (along with the Fine Gain setting on the following screen) allows the
signal from the electrode to be amplified so as to use as much of the dynamic range of the
instrument as possible. This is particularly important when assays with small changes in oxygen
concentration are being performed as it gives greater all round sensitivity of the system. It also
allows the user to adjust the oxygen signal to a convenient value.
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Ham}z Oxyview System

In the image below, the signal has been amplified using a combination of the Coarse and Fine
Gain Control screens to display the disc reading as 2000mV, approximately the mid point of the
available 4095 mV at a gain of x3.02. This leaves plenty of available resolution for both oxygen
evolution (photosynthesis) and oxygen consumption (respiration) assays either side of the
2000mV value whilst giving a highly sensitive detection capability for small changes in oxygen
tension. In both Coarse and Fine Gain Control screens, any gain setting that has been applied may
be reset to default settings of x1 by pressing the Select key.

Ham_}z Oxyview System

Please note that if further Back Off is applied once the Gain has been set, the amount of Back Off
required is the value of the original signal at x1 gain. For example, if the original signal (before
Gain) is 700mV, applying x5 Gain gives a signal of 3500mV. Attempting to Back Off the signal to
zero mV requires application of 700mV not 3500mV.

Once appropriate gain settings have been applied, press Mode to advance to the next screen.

4.3.4 Interpreting the mV Signal

The electrode disc produces a current proportional to O2 concentration. This current is converted
to a voltage signal in the control unit and displayed as a mV signal. In order to obtain a calibration
factor to relate the control box mV output reading to oxygen concentration, the amount of
dissolved oxygen contained in a sample of stirred air saturated, de-ionised water must be known.
The concentration of oxygen dissolved in air saturated water is given by the table below.
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Temperature (°C) Oxygen (PPM) Oxygen (nmol/ml)

0 14.16 4425
5 12.37 386.6
10 10.92 341.3
15 9.76 305
20 8.84 276.3
25 8.11 253.4
30 7.52 235
35 7.02 2194

According to the studies of G.A. Truesdale and A.L. Downing (The solubility of oxygen in water,
1954, Nature 173: 1236), at any given temperature and atmospheric pressure, air saturated,
deionised water contains a known concentration of dissolved oxygen which may be calculated
mathematically.

This data is based on measurements of dissolved oxygen in water at the given temperature and
standard atmospheric pressure published by Truesdale & Downing (Nature 173:1236, 1954).

The formula used in calculating the oxygen values in the table is as follows:
Cs=14.16 - (0.394 * T) + (0.007714 * TA2) - (0.0000646 * TA3)

{Where Cs is the oxygen saturated concentration in ppm and T is temperature in °C}

0.03125 pmol/ml
1 ppm is equivalent to 1ug/ml or (1ug/32g/mol) = or
31.25 nmol/ml

Therefore, a sample of air saturated de-ionised water at 250C contains 253.4 nmol/ml. If the
reading on the Oxyview display shows 2000, the calibration factor would be calculated as follows:

253.4/2000 = 0.1267

For example, if the oxygen signal was calibrated such that air saturated water gave a value of
2000mV and zero oxygen gave a value of OmV, if during the course of the experiment the oxygen
signal declined from 2000mV to 1700mV over 2 minutes at 25°C, then this could be expressed as:
(2000 - 1700) x 0.1267 = 38.01 nmol/ml

The rate of oxygen consumption could therefore be expressed as:
38.01 / 2 = 19.005 nmol/ml/min
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435 Hidden Menu

The hidden menu is only accessible when the control unit is switched on. When the screen
confirming the selected Display Mode is displayed, pressing the Select key will access the hidden
menu. There are 2 screens within the hidden menu; one screen allows control over the polarising
voltage of the electrode disc, the second screen provides a diagnostic test resistor function. The
following sections describe the 2 screens within the hidden menu.

4.3.5.1 Adjusting the Polarising Voltage

In some cases, it may be desirable to use an alternative polarising voltage. For example, should
the Oxyview control unit be used with a nitric oxide electrode, the polarising voltage could be set
to 0.8 V. Oxygen electrode discs from other manufacturers use 0.6 V as a polarising voltage.

The polarising voltage may be adjusted in increments of 0.5 V between 0.4 and 0.9 V using the +
and - touchpad keys. If the polarising voltage of the control unit is adjusted, this value is saved to
internal memory for next use. However, the next time the Oxyview is switched on, a warning
message will be displayed indicating that a non-standard polarising voltage is selected.

Hmﬂc_c_jff Oxyview System

HANSATECH INSTRUMENTS LTD STRONGLY RECOMMENDS USING THE DEFAULT SETTING OF 0.7 V
FOR NORMAL USE WITH THE S1 ELECTRODE DISC. FOR INFORMATION ON USING A DIFFERENT
POLARISING VOLTAGE, PLEASE CONTACT HANSATECH INSTRUMENTS.

4.3.5.2 Test Resistor

This function uses a resistor to replicate the signal from an S1 oxygen electrode and allows the
stability of the signal from the control unit to be checked in a troubleshooting situation. A large
number of technical support enquiries related to oxygen measurement systems received by
Hansatech Instruments consist of unstable or abnormal signals from the oxygen electrode. The
test resistor allows us to diagnose with a high degree of confidence if the problem lies with the
control unit.
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The first step in using the test resistor is to disconnect the electrode and connection cable from
the rear of the control unit. If the electrode is not disconnected, any signal from the electrode disc
will be added to the signal from the test resistor and will render the test ineffective.

To access the test resistor screen, first enter the hidden menu by pressing the Select key at the
display mode confirmation stage of switch on and press the Mode key to move on from the Disc
Polarising Voltage screen.

The test resistor should be switched on by pressing the Select key. The signal value should read
something similar to the value shown in the image below.

Hargggjr Oxyview System

Pressing the Mode key will advance the menu system to the standard non-hidden menu screens to
allow further testing of the control unit under test resistor conditions. Press the Mode key twice to
advance to the Coarse Gain setting screen.

The test resistor mode is indicated by the word TEST flashing in the upper left corner of the
screen.

Adjust the Coarse Gain using the + and - keys and ensure the signal increases to the expected
values. The most important aspect of the test resistor mode is to ensure that the signal remains
stable. If a stable signal is observed and the signal increases as expected with the application of
gain, the fault lies elsewhere in the system and the control unit can be discounted from the
troubleshooting process. In this case, please contact Hansatech Instruments for further
assistance.

The test resistor is disabled by switching the Oxyview control unit off.
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5 LS2 Light Source
5.1 Introduction to the LS2

5.1.1 Overview

The LS2 light source was developed in response to the need for a high intensity light source giving
uniform illumination and low heat. Originally designed for quantum yield measurements (the
Bjorkman lamp) in conjunction with the Hansatech Instruments gas-phase electrode chambers, the
LS2 has since been developed to permit its use with all Hansatech Instruments electrode
chambers including liquid-phase versions.

The light source is supplied as a lamp housing (LS2H) with separate voltage regulated control box

(LS/PS). If required the lamp housing can be operated from a suitable 12V battery (e.g.. a car
battery).

5.1.2 Features of the LS2 Light Source

Figure 1
A D

A: LS2/H light source housing.
B: LS/PS power supply.
C: Power on/off switch.
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D: Filter compartment for A5 neutral density filters.
E: LS2/H connection to LS/PS.

5.2 Setting up LS2
521 LS/PS Power Supply

Before use, ensure that the rear panel voltage selector switch (115/230V) is correctly set for the
mains voltage in your locality. The 115V position should be selected for all mains voltages
between 88 - 132V AC. The 230V position should be selected for all mains voltages 176 - 264V AC.

Connect a power cord appropriate for your locality between the IEC connector on the rear panel
and the wall outlet.

Connect the lamp housing plug to the front panel 5 pin socket labeled "Output 12V" (Figure 1, E).
The plug will latch into the socket when correctly fitted. The output socket provides a regulated
11.5V DC 100W supply to the lamp housing to run both the lamp and cooling fan. To remove the
lamp housing plug, press down and hold the latch while pulling the plug out.

Power is applied to the lamp housing via the front panel Power ON/OFF switch (Figure 1, C). The
switch and the green output indicator LED (bulb symbol) will illuminate whenever the unit is
powered. If the Power ON/OFF switch and output indicator LED do not illuminate when the unit is
powered recheck the position of the rear panel voltage selector switch 115/230V AC and the AC
outlet. Switch off the unit, disconnect from the mains supply and check and replace as necessary
the internal 6.3 amp fuse located at the right front of the circuit board adjacent to the Power ON/
OFF switch connectors CN1 and CN2. Replace the cover and

reconnect the unit to the mains supply and switch on.

The LS/PS supply is protected from inadvertent short circuiting or overloads by a current limiting
circuit which will reduce the output to a low and safe level until the fault condition is removed.
Once the overload is removed, the supply output is restored. Additional protection is provided by
the internal 6.3Amp fuse previously mentioned. The supply is cooled by a fan which operates
when the internal temperature of the supply housing reaches 600C. The fan automatically
switches off when the temperature drops to 500C. In the event of cooling fan failure, the circuitry
is protected from undesired component failure due to temperatures above 85°C and the supply will
automatically shutdown until the temperature returns to below the limiting condition.

5.2.2 LS2/H Light Housing

The LS2/H light housing is fitted with the following components:

e 100 watt bulb (50 watt optional).
¢ A heat reflecting mirror to reduce the infra-red content of the emitted light
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e A system of lenses to produce a beam of light with low variation of intensity across the beam
and little divergence from parallel.

e 2 slots to accept 50mm square filters. These can be neutral density filters to give precise control
of intensity, or coloured filters to alter the spectral qualities of the light

output.

e A high output 12V DC fan which draws air across the bulb and heat reflecting mirror allowing
heat from inside the housing to be effectively dissipated.

The lamp housing is protected from overheating by a thermal fuse which will rupture if the internal
temperature were to rise above 700C. If the thermal fuse ruptures it will be necessary to order a
replacement by contacting Hansatech Instruments Limited

5.3 llluminating Samples

The LS2 is used to illuminate samples during studies of photosynthesis. It is fully compatible with
all Hansatech Instruments liquid and gas-phase electrode chambers allowing measurements of
photosynthetic activity to be made over a range of different light intensities. The filter
compartment (Figure 1, D) cover slides up ( and is held in place by a friction lock) giving access to
the filter slots. The filter slots can be used to hold combinations of neutral density filters (A5 set
of 4 neutral density filters) to produce accurate and reproduceable alterations to the light
intensity, or coloured or interference filters. A polished shutter plate is also provided

5.3.1 llluminating the DW1 Electrode Chamber

The LS2 light housing should be adequately supported horizontally on a suitable block to position
the light beam at the correct height to illuminate the reaction vessel and sample evenly.

5.3.2 llluminating the DW2 Electrode Chamber

Illuminating samples in the DW2 electrode chamber requires the use of LS2/FO fibre-optic adapter
(Figure 2, A) and A8 fibre-optic cable (Figure 2, B). These items are not supplied with the LS2 light

source and therefore must be purchased separately (please contact Hansatech Instruments at the

address printed on the front cover of this manual.)

Figure 2
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The LS2/FO adapter is fitted with a lens which focuses the beam down onto the end of the A8
fibre-optic cable. This increases the intensity of the light to up to 8000 umols m-2 s-1 at the
chamber end of the fibre-optic cable. The A8 is then inserted into one of the four optical ports on
the DW?2 electrode chamber which have been specifically designed to accept the A8 cable.

5.3.3 llluminating the DW3 Electrode Chamber

The large optical front window on the DW3 electrode chamber allows the LS2 to be mounted
directly onto the chamber. The LS2 is simply fitted to the chamber with the locating collar of the
light housing securing around the outside of the optical window of the electrode chamber.

5.3.4 llluminating Samples in LD1/2 & LD2/3 Gas-Phase Chambers

The LS2 is mounted onto the LD1/2 and LD2/3 gas-phase electrode chambers in the same way.
The LS2 should be inverted and mounted directly over the acrylic window of the top water jacket
as shown in Figure 3 below.

Figure 3
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LS2 light housing
mounts directly onto the

/ acrylic top window

LD1/2 gas-phase
electrode chamber

5.4 Replacing the LS2 Bulb

In order to achieve maximum light output with minimal variation of intensity across the light beam
it is important that the optical elements of the lamp housing are correctly aligned. Because of
variations between individual lamp bulbs, it may be necessary to re-align the bulb holder after the
bulb has been changed.

Disconnect the lamp housing from the control box.

Remove the top cover and fan assembly secured by 6 screws as indicated in Figure 4
below.

Figure 4

© 2017 Hansatech Instruments Ltd



52 Leafview 1 System Manual

Remove Remove

Loosen to adjust
bulb height

Slide the cable grommet from the side cover of the fan assembly to allow additional movement.
Pull the old bulb carefully from the bulb holder, taking care not to put finger marks on the heat
reflecting mirror below the bulb. Hold the replacement bulb using tissue. Push the new bulb into
the bulb holder.

CAUTION: NEVER TOUCH A BULB WITH BARE FINGERS. IF FINGERS COME INTO CONTACT WITH
BULB, CLEAN GLASS CAREFULLY WITH ALCOHOL AND ALLOW TO THOROUGHLY DRY BEFORE
REFITTING.

Check the alignment of the filament and, if necessary, re-align the bulb-holder as follows:

e Fit the alignment tool supplied into the end of the lamp housing. The projecting tube should be
orientated outwards.

e Look through the alignment tool to see whether or not the filament is centralised as shown in
Figure 5.

e If not, loosen the two clamping screws holding the ceramic bulb holder between the mounting
brackets and while looking through the alignment tool centralise the filament in the field of
view. Re-tighten the screws. Do not overtighten or the ceramic bulb holder will be damaged

Figure 5
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Grommet

To Fan Assembly

/

Adjustment
lig

Clamping Screws

Ensure that the
filament is centralised
when looking through

the alignment jig

e Check the light output for intensity and uniformity using a light meter (e.g. Licor, Skye quantum
sensor).

e Replace the fan assembly and cover by replacing the grommet in the slot in the side panel and
replacing 6 screws as indicated in Figure 4.

The light housing is fitted with a thermal fuse. In the event of undue temperature build up (eg

failure of the fan) the fuse will blow. In this event contact the manufacturer for instructions on
how to proceed.

5.5 Neutral Density Filters

The LS2 light source is supplied as standard with a set of 4 50mm2 neutral density filters with
different transmission characteristics.

Filters are supplied with %Transmission as follows:
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Filter A 80%T
Filter B 50%T
Filter C 25%T
Filter D 10%T

A suitable set of PFD (Photon Flux Density) values can be obtained by combinations of these
filters. For example, assume a maximum light intensity of 2,000 umol m-2 s-1.

Fitting Filter A only would reduce the light level to:
2000 x 80% = 1600 umol m2 s

Fitting Filter D only would reduce the light level to:
2000 x 10% = 200 pmol m? st

Intermediate light steps can be achieved by combinations of filters:

Fitting a combination of Filter A and D would reduce the light level to
2000 x 80% = 1600 x 10%) =160 pumol m? s

Fitting all 4 filters A+B+C+D would reduce the light level to
2000 x 80% =1600 x 50% = 800 x 25% = 200 x 10% =20 umol m? s
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Support Information

Purchasers of Hansatech Instruments Ltd products can be assured of
ongoing support and prompt and efficient attention to enquiries at
all times.

All products supplied by Hansatech Instruments are guaranteed for
12 months from the time of despatch against manufacturing faults or
defective materials. The guarantee does not cover damage caused by

misuse or unauthorised attempts to repair.

If difficulties are experienced with the equipment, please contact
Hansatech Instruments for advice. If necessary, equipment may be
returned for repair/replacement during the warranty period. No
charge will be made for parts/labour under warranty but we reserve
he right to charge for customs clearance and return carriage if
appropriate.

For repairs outside of the warranty period, please contact us at the
address below for an estimate of cost and instructions regarding the
return of equipment.

If the product was purchased via a distributor, please contact them
for advice in the first instance.

Ha ech

Instruments
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