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1 DW2 Oxygen Electrode Chamber

1.1 Introduction
1.1.1 Introduction to the DW2/2

The DW2/2 electrode system is a modified version of the DW1 electrode chamber and has been
designed for use with other instruments to allow simultaneous spectroscopic and oxygen flux
measurements. DW2/2 may be used in conjunction with a range of Hansatech Instruments Ltd
light sources and detectors including the FMS 1 and FMS 2 modulated chlorophyll fluorescence
measurement systems to monitor changes in oxygen flux and fluorescence emission.

The reaction vessel in the DW2/2 is a precision bore borosilicate glass tube with a prepared S1
oxygen electrode disc forming the floor of the reaction vessel during measurements, identical to
that found in DW1. It is surrounded by a water jacket constructed from black acetal which provides
the ability for dark adaptation of samples or oxygen measurement in complete darkness. There are
four optical ports mounted perpendicular to the reaction vessel at right angles to one another.
Light sources, fibre optic light guides and detectors may be mounted on the DW2/2 via the ports
enabling spectroscopic measurements to be made

Minimum chamber volume: 0.2 ml
Minimum chamber volume under illumination: 1.5 ml
Maximum chamber volume: 2.5 ml

1.1.2 Features of the DW2/2 Electrode Chamber
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6 DW?2/2 Oxygen Electrode Chamber

e A - Plunger Assembly

e B - Top plate

e C -Optical Ports

e D - Optical Port Blank

e E - Base Ring

e F - Water Jacket

e G - Water Jacket to Circulating Water Bath Connector

1.1.3 Transmission Properties of the DW2/2
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The standard DW2/2 unit cannot be used for assays which require ultra-violet (UV) irradiation as
the borosilicate reaction vessel and acrylic optic port windows absorb UV radiation. An upgraded
DW2/2 unit with quartz optic port windows and a Spectrasil B reaction vessel, which both transmit
UV, is available to special order for specialised applications which require UV irradiation.

The figure above represents transmission profiles of 10 mm thickness Spectrasil B {......), Acrylic
(---) and borosilicate (- - - - ) across ultra violet (UV), photosynthetically active (PAR) and infra-red

(IR) wavelengths.
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1.2  Setting up DW2/2
1.2.1 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.

1.2.2 Temperature Control

1.2.2.1 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
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8 DW2/2 Oxygen Electrode Chamber

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.

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.
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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
output.

1.2.2.2 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 9.76 305

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
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10 DW?2/2 Oxygen Electrode Chamber

1.2.2.3 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
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.

1.2.3 Sample Stirring

Electrochemical reactions taking place at the cathode of the electrode disc require the
consumption of oxygen in order to produce an electric current. This current is then digitised by an
electrode control unit and presented as a chart recorder emulation in the O2view software.

The nature of this process means that as oxygen is continuously consumed at the cathode, an
oxygen depleted layer is produced immediately above the cathode. As the rate of consumption by
the disc is greater than the rate of oxygen diffusion through liquid, the measured signal from the
electrode disc will continuously decrease during measurement. This problem is overcome by
continuously stirring the sample in order to replenish the depleted layer at the cathode and to
ensure that the dissolved oxygen within the sample is kept evenly distributed throughout the
reaction vessel.

The magnetic stirrer is an integral feature of the electrode control unit and is located on the top of
the system.

Stirring of the sample is achieved by placing a magnetic follower or "Flea" into the reaction vessel
itself. Activating the stirrer rotates the magnet beneath the stirrer cap at user definable speeds of
between 150 and 900 RPM. The flea tracks the magnetic stirrer, rotating just above the cathode of
the electrode so as not to cause any damage to the membrane preparation.

2 types of flea are available:
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e PTFE coated magnet

This is the standard flea supplied with the systems. It consists of a small magnetic bar coated in
PTFE.

e Glass flea

Glass fleas consist of several fine strands of iron sealed into a thin glass capillary tube.

Each type of flea has advantages and disadvantages of use. For example, for experiments where
very small changes in oxygen tension are to be measured, some users prefer the glass fleas as
PTFE is known to absorb a very minute amount of oxygen. In the large majority of applications
however, this absorption is not an issue.

Glass fleas are not magnetic themselves so they are not as reliable at tracking the rotating
magnet in more viscous samples Therefore, the maximum speed of stirring would be lower than
that of the PTFE coated flea.

The effects of the oxygen depleted layer can be clearly seen by performing a short experiment:

e Prepare the electrode disc and mount it into the base of the electrode chamber.

e Place the chamber on top of the magnetic stirrer.

e Add 2ml of air-saturated, de-ionised water into the chamber and drop a flea into the sample.
e Open the stirrer control window as described above and set the stirrer to a speed of 75%.

e Start a recording and allow the trace to stabilise.

e Once the trace has stabilised, stop the stirrer. The signal will start to decline steadily.

e Re-start the stirrer. The signal will return to it's original level.

The screenshot below shows how the trace should respond to the procedure outlined above.
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1.3 Care and Maintenence

1.3.1 Electrode Chamber Disassembly

The following guidelines detail the dismantling, cleaning and subsequent re-assembly of the
DW1/AD electrode chamber. However, the general principles of the disassembly procedure may
also be followed for the DW2/2 electrode chamber.

The Oxytherm+ Peltier Electrode Chamber and DW3 electrode chambers have very different

cleaning and reaction vessel replacement procedures and the following guidelines do not apply to
these products.

The electrode chamber should be periodically dismantled and thoroughly cleaned in order to
maintain good working order as particulates in the coolant will gather in the water jacket and
obscure light transmission. It is also possible that after several years use, the 2 O-rings which seal
the reaction vessel from the water jacket may perish causing leaks.

Follow the instructions below to disassemble DW1/AD for cleaning.

© 2017 Hansatech Instruments Ltd



DW2 Oxygen Electrode Chamber 13

The DW1/AD is supplied as standard with a top plate key and alignment jig (Cat. no. A3) was
included with the DW1/AD. This kit is used to remove the top plate of the chamber so that the
reaction / sample vessel may be safely removed for cleaning and the inside of the water jacket
can be cleaned.

Remove the electrode disc (if present) from the base of the electrode chamber, remove the
plunger assembly and insert the alignment jig fully into the reaction vessel from the top of the
electrode chamber. The alignment jig is critical during re-assembly of the electrode chamber as it
ensures that all the components are aligned correctly when the top plate is attached.

The top plate key has 2 metal pins on the underside which locate into 2 indentations on the top
plate of the electrode chamber. The key is now directly above the alignment tool thus allowing the
top plate to be gently unscrewed in an anti clockwise direction. The initial loosening of the top
plate may be difficult as the top plate is sealed to the main body of the electrode chamber with an
O-ring.
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14 DW2/2 Oxygen Electrode Chamber

Once the top plate is completely unscrewed, it can be lifted away from the main body of the
electrode chamber along with the glass reaction vessel. Carefully remove the reaction vessel from
the alignment jig. Remove the small O-ring on the top plate which seals the reaction vessel to the
top plate. There is also another O-ring in the bottom plate of the electrode chamber which serves
the same purpose at the bottom of the reaction vessel.

Once the top plate has been removed the components can be extracted and cleaned with a mild
detergent or replaced as necessary. (A list of spares and replacement part catalogue numbers is
given in the DW1/AD Spare Parts section).

Some applications use powerful respiratory inhibitors such as Rotenone which can prove very
difficult to completely remove from the internal walls of the reaction vessel which can lead to
unwanted contamination of subsequent samples. Conventional cleansing methods, as described
above, may prove ineffective and an alternative method is required.

Although Ethanol is widely considered to be an effective solvent in the removal of Rotenone from
the reaction vessel:
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HANSATECH INSTRUMENTS STRONGLY CAUTIONS AGAINST THE USE OF THIS SUBSTANCE AS ANY
SPILLAGE ON TO THE ACRYLIC PARTS OF THE DW1/AD WILL CAUSE IRREVERSIBLE DAMAGE TO
THE MAIN BODY OF THE CHAMBER. ORGANIC SOLVENTS SUCH AS ETHANOL WILL REACT WITH

THE ACRYLIC CAUSING FRACTURING.

Through experience, the most desirable solution has been to use a separate reaction vessel when
performing applications utilising Rotenone and other respiratory inhibitors. A pack of 2 spare
reaction / sample vessels are supplied as standard with the DW1/AD. However, further spares
(S3) can be obtained from Hansatech Instruments (or relevant International Distributor).
Alternatively, if possible, reserve a DW1/AD chamber specifically for use with Rotenone.

Once all the individual components have been cleaned/replaced, re-assemble the electrode
chamber following the disassembly instructions in reverse.

When replacing the O-rings at the top and bottom of the reaction vessel, it is critical to ensure
that the correct O-rings are used in the correct place. The O-ring at the top of the reaction vessel
is fractionally larger than the bottom O-ring. Failure to use the correct O-rings will cause leakage
of circulating water from the water jacket into the reaction vessel and contaminating the sample.

If the reaction vessel is misaligned when the chamber is fully re-assembled, the plunger assembly
will not fit into the chamber and in worst cases, the reaction vessel could crack as the top plate is
tightened. It is therefore important to ensure that the reaction vessel, O-rings and top and bottom
plates are correctly aligned using the alignment jig when re-assembling the electrode chamber.

1.3.2 DW?2/2 Spare Parts

The following list shows the catalogue numbers for all necessary spare parts and components for
the DW2/2 electrode chamber. Please contact Hansatech Instruments for further information.
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e A: Plunger cap

Part No. 820037

e B: Plunger nut

Part No. 820036

e C: Water jacket

Part No. 820030

e D: Water jacket connector
Part No. 820026

e E: Plunger screw

Part No. 941012 (2 sections)
e F: Magnetic follower

Part No. S2/P or S2/G

e G: Optical ports

Part No. 941010 (4 per DW2/2)
e H: Base ring

Part No. 820033

e |: Electrode disc
Part No. S1

e J: Reaction vessel
Part No. S3, pack of 2
e K: Water jacket connector
Part No. 820026

e Bottom plate

Part No. 820032

e Optical port blank
Part No. 820040

e Spare O-rings

Part No. S6B

e Fibre optic adapter
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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.
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