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1 DW3 Oxygen Electrode Chamber

1.1 Introduction
1.1.1 Introduction to the DW3

The DWS3 large volume electrode chamber is particularly suited to oxygen evolution / uptake
measurements of macro algae in seawater samples of between 1 — 20ml. (15-20ml if illumination
is required). The square section borosilicate glass reaction vessel and quartz front window
provides good optical qualities over a large surface area when illuminating the sample using the
LH36/2R red LED light housing. Samples may either be in stirred suspension or in the case of
laminar material, may be vertically supported and retained by the plunger assembly such that they
may be fully illuminated.

A prepared S1 oxygen electrode disc is mounted beneath the reaction vessel and forms the floor of
the vessel itself providing a highly sensitive and rapid response to small changes in oxygen
tension within the sample. A rear optical window allows optional insertion of the fibre-optic cable
from either the FMS 1 or FMS 2 pulse modulated chlorophyll fluorimeter (using DW3/FA adapter)
to provide simultaneous fluorescence measurements.

Minimum chamber volume: 2 ml
Minimum chamber volume under illumination: 15 ml
Maximum chamber volume: 20 ml

© 2017 Hansatech Instruments Ltd



6 DW3 Oxygen Electrode Chamber

1.1.2 Features of the DW3

e A: Plunger Assembly

B: Top plate

C: Water Jacket

D: Self Sealing Water Jacket Connector

E: Large Front Optical Window

F: Base Ring

G: Large Volume (up to 20ml) Square Section, Borosilicate Glass Reaction Vessel
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1.1.3 Transmission Properties of the DW3
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The DW3 unit cannot be used for assays which require ultra-violet (UV) irradiation as the
borosilicate reaction chamber absorbs UV radiation. The diagram above shows the optical
characteristics of the reaction vessel.

Transmission profiles of 10 mm thickness Acrylic (-) and borosilicate (- - -) across ultra violet (UV),
photosynthetically active radiation (PAR) and infra-red (IR) wavelengths.

1.2  Setting up the DW3
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.
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8 DW3 Oxygen Electrode Chamber

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
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.
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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
output.
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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 3413
15 0.76 305

20 8.84 276.3
25 8.11 253.4
30 7.52 235

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

1.2.2.3 Temperature Effects on Gas-Phase Samples

At given temperature and pressure, gas laws dictate that the amount of oxygen present in 1ml of
air can be easily calculated. At standard temperature (273.15 degrees Kelvin or 0°C) and pressure
(101.32 kPa or 1 atmosphere), the amount of oxygen in 1ml of air (containing 21% by volume) is
210ul. Since 1 mole of gas occupies 22.414yl, this is equivalent to:

210
22.414

OR
9.371 MOLES
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At any other temperature, the amount can be derived by multiplying by a factor of:
273
(273+T°C)
(where T is the experimental temperature) so that, for example, at 25°C :

273
- . =0.9161
(273 + 25°C)

9.371 MOL X 0.9161 = 8.58

THEREFORE, 1ML OF AIR AT 25°C CONTAINS 8.58 AMOL OF OXYGEN.

1.2.2.4 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 Placement Within DW3

When laminar samples are used it is often difficult to support them in such a way as to fully and
evenly illuminate them whilst ensuring that they are retained in position and not disturbed by the
stirring action of the magnetic follower.

Several approaches are available including the positioning of the sample in a semi-rigid mesh
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which maintains the sample in an upright and stationary position. Correction needs to be made for
the percentage shading of the sample from the illumination by the mesh itself.

An alternative compromise approach is the provision of two clear plastic support loops which
protrude from the plunger and may be adjusted in order to suit the size of the sample to be
measured. By placing the sample between the two loops it is hoped that sufficient support will be
provided to maintain the sample upright in the chamber with minimal shading from the supports. If
this approach is used, the orientation of the plunger assembly in the reaction vessel becomes
important. The plastic loops would normally be located adjacent to the smaller rear window.

1.24 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 OxyTrace+ 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:

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.

© 2017 Hansatech Instruments Ltd
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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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Stirrer |4
Stirrer |
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Stirrer is switched off.
Signal declines as Oxygen
depleted layer forms at the
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The oxygen depleted layer is
836 broken as the dissolved oxygen

/ within the sample is mixed

7or
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1.3 Care and Maintenance
1.3.1 DWa3Disassembly Procedure

PLEASE NOTE THAT DISASSEMBLING, REPLACING THE REACTION VESSEL AND REASSEMBLING THE
DW3 IS NOT AN EASY TASK. THE RISK OF CRACKING THE REACTION VESSEL WHEN REASSEMBLING
THE CHAMBER IS HIGH. IF IN ANY DOUBT, PLEASE CONTACT HANSATECH INSTRUMENTS FOR
ADVICE. IN MANY CASES, WE CAN ARRANGE TO HAVE THE UNIT RETURNED TO US WHERE WE
CAN REPLACE THE REACTION VESSEL USING SPECIALIST JIGS.

Disassembling DW3

Before attempting to remove the reaction vessel the plunger and base of the unit should be
removed. The DW3 should be inverted and the five stainless steel screws in the bottom section
gently unscrewed to remove the bottom section. The reaction vessel is seated on a rubber gasket
retained in a well in the small circular section of the chamber base. This section should be prised
up gently with a fine bladed screwdriver and removed. The reaction chamber can then be carefully
removed for cleaning.

Reassembling DW3

Reassembly of the DW3 is the reverse of the disassembly procedure. The rubber gaskets should
be re-fitted in the top and bottom wells which accept the reaction vessel prior to reassembly along
with the O-ring around the edge of the circular section. The reaction vessel should then be re-
fitted to the small circular section and the assembly put into the rest of the unit, using a finger to
hold the components together. The five stainless steel screws should be loosely fitted and the
chamber returned upright.

The plunger should be re-fitted so that the clear acrylic face of the plunger is flush with the top
plate of the unit. This ensures correct alignment of the reaction vessel and electrode body during
re-tightening.

The stainless screws which hold the top plate on should be fitted before the unit is re-inverted to
tighten the screws in the base. All other screws should be re-fitted and tightened. The small O-
ring in the central hole of the base section where the electrode dome locates should also be re-
fitted
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1.3.2 DW3 Spare Parts

The following list shows the catalogue numbers for all necessary spare parts and components for
the DW3 electrode chamber. Please contact Hansatech Instruments for further information.

A
M

e A: Plunger screw

Part No. 820111

e B: Plunger nut

Part No. 820112

e C: Reaction vessel

Part No. 885205

e D: Water jacket connector socket
Part No. 890123

e E: Water jacket connector plug
Part No. 890124

e F: Magnetic follower

Part No. S2/PL

e G: Electrode disc

Part No. S1

e H: Basering

Part No. 820105

e |: Large optical window
Part No. 885201

e J: Water jacket connector socket
Part No. 890123

e K: Water jacket

Part No. 820102

e L: Top plate

Part No. 820103

e M: Square plunger section.
Part No. 820110

e Small optical window

Part No. 885204

e Bottom plate

Part No. 820104

e Spare O-rings

Part No. S10

o Fibre optic adapter

Part No. DW/FA
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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.
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