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1 Gas Phase Calibration

1.1 Principles of Gas-Phase Calibration

Before any measurements can take place, the electrode disc must be calibrated so that the
electrical signal received from the disc can be presented as actual calibrated units (µmol Relative
To Air). Calibrating the disc for gas-phase measurements involves a three step procedure in which
the signal from the oxygen electrode is referenced to known oxygen concentrations in order to
derive an Offset and Calibration Factor. The following steps are used in order to calibrate the
electrode:

Air Line

The air-line refers to the signal recorded by the electrode disc in ambient air. It is this value that is
used as the calibration offset.

Injection / Removal Line

In order to obtain a calibration factor, the software requires the addition of a known oxygen
concentration to reference against a level of change in the bit signal from the disc. This is
performed by adding or removing 1ml of air from the electrode chamber using a syringe. Either
addition or removal of air results in the same calibration factor. The user is given both options
depending on the type of assay performed. For example, oxygen evolution measurements should
use an injection of 1ml, oxygen consumption measurements should use a removal of 1ml of air as
good laboratory practice.

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
210µl. Since 1 mole of gas occupies 22.414µl, this is equivalent to:

210
22.414

OR

9.37Ì MOLES

At any other temperature, the amount can be derived by multiplying by a factor of:

273
(273+T°C)
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(where T is the experimental temperature) so that, for example, at 25°C :

273
                     (273+25°C)      = 0.9161

9.37 Ì MOL X 0.9161 = 8.58

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

At any other pressure the amount derived above should be adjusted by a factor of:

CURRENT ATMOSPHERIC PRESSURE
101.32 KPA (STANDARD ATMOSPHERIC PRESSURE)

This factor is then married with the change in bit level during the injection / removal of air in order
to obtain a calibration factor. The following diagram shows how this factor is obtained.

1.2 Gas Phase Calibration Process

Please follow the guidelines below for the gas-phase calibration sequence:

· Prepare the disc as described in the Electrode Preparation and Maintenance manual (supplied
with the S1 electrode) and install into the base of the electrode chamber.

· Connect the electrode disc to the rear of the control unit using the electrode connection cable.
· Ensure that the appropriate sample mounts and gas-taps are fitted to the electrode chamber

(refer to either of the Gas-Phase Chambers manuals).
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· Connect the water jacket of the electrode chamber to the circulating water bath for temperature
control purposes and ensure that the leaf chamber and electrode disc equilibrate to the
temperature required by the assay before commencing calibration.

Step 1

The gas-phase calibration sequence is initiated by selecting Calibrate > Gas Phase Calibration
Once selected, the following window is generated.

Select method for calibration to either inject 1ml of air or remove 1ml of air. Then enter the
relevant temperature and air pressure variables into this dialogue and press OK. 

Step 2

Ensure that the gas taps are in the open position and press OK to continue
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Step 3

Here both the oxygen signal and rate of change are displayed.  The software will wait until a
plateau has been reached before moving onto the next step  "Please wait for the signal to plateau
" is displayed at this time as well as an override button which allow you to bypass this wait time if
you are happy with the signal level (BEWARE THIS MAY AFFECT THE ACCURACY OF THE
CALIBRATION IF THE SIGNAL IS NOT FULLY STABILISED). The value that has been recorded for the
air line will be used as the Calibration Offset.

During measurement, the signal recorded from the disc in ambient air will be displayed as the
origin of the axes (0). Any oxygen evolution / consumption by a sample will be displayed in the
calibrated unit µmol relative to the air line.

IN THE CASE OF A NEW OR WELL MAINTAINED ELECTRODE DISC, YOU WOULD NORMALLY
EXPECT TO SEE A SIGNAL OF APPROX. 2050MV (HALF THE RANGE OF THE CONTROL UNIT

RESOLUTION) WHEN MEASURING AIR LINE IN A GAS-PHASE ELECTRODE CHAMBER.
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If the signal from the electrode disc does not become stable after several minutes, this could be
indicative of either one or a combination of several problems. For details on how to isolate the
fault to either the electrode disc, chamber, the control unit or the electrode connection cable,
please refer to the System Diagnostics section.

Once the signal has stabilized OK will be displayed

Step 4

This stage of the calibration procedure is to establish the Injection / Removal line in order to
determine the Calibration Factor. By injecting / removing 1ml or air to / from the electrode
chamber, the bit signal recorded by the disc will change. The final amount of bits excursion in
signal will then be referenced to a calibrated unit (µmol) taking into account any temperature and
pressure variables entered in step 1. Please refer to the previous section for a full description of
the mathematics involved in this calibration step.

Before selecting OK at this dialogue, use a syringe fitted securely into the gas port and either
remove or add 1ml of air into the chamber (depending on the option selected in step 1). LD2/3
electrode chamber users should ensure that the
second gas port is closed. 

Quickly close the gas port once the air has been injected/removed and press OK.

Step 5

At this point an increase/decrease of oxygen signal should be observed depending on option to
inject/remove air.

IN THE CASE OF A NEW OR WELL MAINTAINED ELECTRODE DISC, YOU WOULD NORMALLY
EXPECT TO SEE A SIGNAL CHANGE OF APPROX. 9% OF THE MEASURED AIR LINE AFTER A 1 ML

INJECTION / REMOVAL.
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Allow the signal to stabilise at the new level just as with step 3. Once the oxygen signal has
reached a plateua OK will be displayed.

If the signal does not stabilise and begins to drift downwards/upwards, this is indicative of a leak
in the chamber. Please refer to the System Diagnostics section for details on isolating and fixing
leaks in gas-phase electrode chambers.

Step 6

In this step of the calibration, the air-line is re-checked by opening the gas taps and measuring the
signal from ambient air in exactly the same way as in calibration step 3. Press OK to continue

Step 7
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Follow the same procedure as step 3.

Step 8

Once the calibration is complete, details of the factor and offset applied during the calibration will
be displayed. The calibrated units and temperature are also displayed. 

The Save Calibration option will update the instrument with the calibration factor and offset ready
for measurements to be taken.

The exit without saving option will disregard this calibration and will revert the instrument to its
previous state, either uncalibrated or using a previously saved calibration. 
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1.3 Viewing Calibration Details

Once the system has been successfully calibrated in either liquid or gas-phase, details of the
calibration may be viewed in a separate window. This window is accessed from the Calibrate >
Oxygen Calibration Details option from the menu bar.
All aspects of the calibration are shown in the window as shown in the diagram below:

The Date column is relevant should the apparatus be intended for long measurement assays
lasting more than a day or if the electrode is to be left prepared and in situ (please note that this
should only be performed in liquid-phase electrode chambers as electrodes in gas-phase "dry
out"). A calibration warning interval may be set so that after a given number of days post
calibration, the user is prompted that the calibration has expired when the software is initially run.
Please refer to the Set Oxygen Calibration Warning section for further information.

1.4 Set Calibration Warning

If the apparatus is intended for long measurement assays lasting more than a day or if the
electrode is to be left prepared and in situ (please note that this should only be performed in
liquid-phase electrode chambers as electrodes in gas-phase "dry out"), a calibration warning
interval may be set so that after a given number of days post calibration, the user is prompted that
the calibration has expired when the software is initially run. A calibration warning can also be set
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in the same manner for any auxiliary devices connected to the instrument.

IT IS IMPORTANT TO REMEMBER THAT OVER TIME, A POLARISED DISC BUILDS UP A DEPOSIT OF
BLACK SILVER OXIDE DUE TO THE NATURE OF THE ELECTROCHEMICAL REACTIONS TAKING

PLACE. A DISC THAT IS LEFT MEASURING FOR MORE THAN A DAY MAY BEHAVE DIFFERENTLY AT
THE END OF THE ASSAY THAN AT THE BEGINNING. PLEASE REFER TO THE SECTION LEAVING THE

ELECTRODE DISC POLARISED OVERNIGHT.
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