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I. DESCRIPTION OF INSTRUMENT

"A. GENERAL DESCRIPTION

Transidyne General's Chemical Microsensor is a research
instrument for the amperometric measurement of the partial
pressure of dissolved oxygen, or Poz. When combined with the
Calibration Cell (Model 1251) and any of the polarographic elec-

trodes available at Transidyne General, it provides a complete

system for in vivo or in vitro POz'measurementS.

The digital meter displays PO, in either millimeters of mercury
(mm Hg) or as a percentage of total pressure, alternately, it
can provide a direct measurement of polarographic current. Analog
outputs are provided for recording the PO, (or polarographic current)

and polarization voltage on a strip-chart recorder or other device.
B. SPECIFICATIONS

INPUT CURRENT RANGE: The Coarse Gain settings are 10—6 to
lO—lO amp full scale in decade steps, with 0.1 picoamp the least

-10 gain setting. The Fine gain control

significant digit at the 10
is continuously variable from the Coarse Gain setting to approx-
imately x 11 additional gain.

JERO CURRENT RANGE: Adjustable from 1076 to 1071% amp.

ELECTRODE POLARIZATION RANGE: The full-scale range is +1 V
continuously variable with a 10-turn control knob and polarity
switch. With.the Meter Selector switch in the Electrode Polari-

zation position, the voltage is readable to 1% full-scale accuracy.

o0

ABSOLUTE ACCURACY:  + 2
LINEARITY: + 1%

DRIFT: Less than 0.5% per 24 hr after 0.5 hr warm-up period.



!

ANALOG OUTPUT: + 1.999 V with a 200-ohm source resistance.

-Maximum output current is 5 ma.

ELECTRODE POLARIZATION OUTPUT: + 1.0 V.

DIGITAL DISPLAY: The 3-1/2-digit display indicates either
electrode poiarization voltage or 0, level as selected by the
Meter Selector switch. (The meter range = + 1.999 V.) The
Output Selector switch allows 0, to be displayed as percent, O,
mm Hg, or mm Hg expanded scale. Maximum meter ranges are 100%,

1999 mm Hg, and 1999.9 mm Hg expanded scale.

POWER REQUIREMENTS: 105-125 VAC, 50-60 Hz, 7.5 watts.
210-250 VAC, 50-60 Hz, 7.5 watts.
Line voltage set with back panel switch
FUSE: 0.25 amp, Slow Blow, MDL l/4.
DIMENSIONS: 12.5 x 7.5 x 6.75 in.
WEIGHT: 7.5 lb.

C. RECOMMENDED ACCESSORIES

(1) Calibration Cell
The Calibration Cell provides (a) a means of dissolving gas
mixtures and then exposing these mixtures to the electrode, and
(b) a temperature control maintaining an accuracy of + 0.02°C
over a range of 20° to 65°C. Both of these features are essential

for oxygen electrode calibration.

(2) Oxygen/Hydrogen Electrodes
Transidyne General offers 3 types of oxygen/hydrogen electrodes:
(a) a microelectrode, (b) a needle style electrode, and (&) a
Clark Style electrode. For detailed information, refer to the

instructions and specifications sheet enclosed with your electrode.

(3) Reference Electrode
This sintered silver/silver chloride non polarizable electrode
is for use with our microelectrode (model 723) or our needle
electrode (model 760), not our Clark electrodes (model 730 or 731).




(4) Miniature Microelectrode Holder (Model 1108) .
The input connector is housed in a 0.25 x 4 inch stainless
steel holder which can be clamped to a micromanipulator or the
Calibration Cell. It has a 40 inch shielded cable with a BNC
connector which attaches directly to the Chemical Microsensor.
The holder is for use with Transidyne's microelectrode (model 723)

and reference electrode (model 334).

(5) Oxygen Uptake Equipment
Transidyne General offers a complete set of oxygen uptake equipment.
For detailed information, refer to the instructions enclosed
with your oxygen uptake equipment, or contact our customer

service department.
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ITI. POLAROGRAPHIC OXYGEN MEASUREMENTS

A. THECRY OF POLAROGRAPHIC OXYGEN MEASUREMENTS

When two electrodes are polarized with a potential of
slightly less than negative one volt in a solution containing
electrolytes and dissolved'oxygen, current will flow as a re-
sult of the reduction of oxygen at the cathodic (negatively

polarized) surface. This reaction at the cathode is expressed as:
- Oytab,0+2e = o, L264 "
0, + 2H20 + 4e - 40H

2 Mo, f2ae~ = 304~
At the other electrode, described as the reference, oxidation

takes place. For a Ag/AgCl reference, the reaction is:
4 Ag + 4Cl° = 4AgCl + 4e”

Tﬁé voltage-current relationship for a polarographic oxygen
electrode, is represented by the characteristic curve (Fig. 2.1).
In the region below approximately -0.5 volt, there is a reasonably
linear voltage-current relationship. As the polarization voltage
is increased beyond -0.5 volt, the current will tend to reach

a plateau in which changes in voltage have little effect on current.

In this plateau region, the current is limited by the rate at
which oxygen can diffuse to the cathode. As the voltage is in-
creased above -1.0 volt, the current will again increase with
voltage, due to the reduction of other elements in addition to

oxygen.

The electrode is normally operated with the polarization voltage
set to the midpoint of the plateau region, in which case the
current is diffusion limited. In a diffusion-limited condition,
virtually all of the oxygen molecules which reach the cathode
are immediately reduced, resulting in a zero oxygen concentration
at the cathode surface, and a current which is limited by the
rate at which oxygen can diffuse to this zero concentration
region. The diffusion rate is a function of the oxygen diffusion
coefficient of the membrane and media surrounding the cathode
and the dissolved oxygen concentration, which, in turn, is pro-

portional to the oxygen partial pressure and temperature.
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The result is that, for a constant temperature, current
flow through the electrode will be directly proportional to
the partial pressure (P02) of oxygen.*

A plot of the relation between current and PO, (for a

fixed polarization voltage) is called the standard curve, as

shown in Figure 2.2. For most electrodes, the curve is linear.
It should be noted that the curve does not intersect the origin,
but rather, indicates a small current at zero PO2. This current
is called the residual, or "dark," current and results from
factors such as electrical leakage through insulating materials
in the system and reduction of oxygen which was absorbed into the

electrode materials.

B. PRACTICAL CHARACTERISTICS OF OXYGEN ELECTRODES

When using miniature and micro~-sized oxygen electrodes, the
electrode characteristics are sometimes less than ideal. The
smaller the electrode, the more difficult it is to maintain
identical characteristics from one electrode to the next. Also,
the wide variety of applications in which these electrodes are
used makes it difficult to optimize the system for a particular
application. However, with a proper understanding of the electrode

characteristics, accurate oxygen measurements can be obtained.

The shape of the characteristic curve can vary considerably
between electrodes and also can change with shelf life and use.
The plateau is frequently not flat, but might have a small
positive or negative slope. Also, it might cover a span of
0.1 to 0.4 volt in width, with a midpoint occurring anywhere
between 0.5 and 0.95 volt.

*The term "tension" is frequently used in medical and biological
literature in place of "partial pressure." The two expressions
are equivalent, though "partial pressure" is often considered
Preferable.
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If we define the plateau as the region of the character-
istic curve which has the minimum slope and operate the electrode
at a voltage occurring near the midpoint of this region, the
standard curve will be approximately linear. Occasionally
the characteristic curve might vary considerably from the
classic and have a poorly defined plateau, but the linearity

of the standard curve is not simultaneously degraded.

All oxygen electrodes tend to drift, particularly upon
initial operation. Dr;ft is particularly apparent in solutions
containing proteins, and even more so in the presence of hemo-
globin. It occurs as a result of large molecules attaching
themselves to the cathode, changing its surface area and operating
characteristics. A membrane will protect the cathodic surface
from direct contact with interfering molecules and thus sub-
stantially reduce the drift, though not necessarily eliminate it.

Drift is minimized by "aging" the electrode while polarized
in the type of solution in which PO2 measurements are to be
made. After several hours to several days of operation, the
electrode will usually stabilize and thereafter drift only a

few percent.

Temperature i1s an additional consideration. Since diffusion
rates vary with temperature, so will the calibration of the
oxygen electrode. Therefore, it is necessary to calibrate
the electrode at the same temperature as that of the experimen-

tal subject or material.

For details concerning your electrode, see the manual

enclosed with the electrode.



III. OPERATION

A, CONTROL AND CONNECTOR FUNCTIONS
1. FRONT PANEL CONTROLS (See Figure 3.1)

a. POWER This AC power switch is illuminated when
the instrument is on.

b. METER This control determines the function of the
DIGITAL DISPLAY. When set to OUTPUT, the display responds to
polarographic current and can be célibrated either in terms of
partial pressure or absolute current. When set to ELECTRODE
POLARIZATION, the electrode polarization voltage is displayed.
This control has no effect on the output signals obtained from
the OUTPUT connector.

c. HOLD This contact switch allows the displayed
value to be temporarily held as an aid in recording rapidly
changing PO2 levels. This switch does not affect the signal -
from the OUTPUT connector. )

d. OUTPUT This control sets the scale factor on the
digital display for the desired units. The % position displays
the PO2 as a percentage of atmospheric pressure and is also
used for absolute current measurements. The mm Hg position
displays the PO2 in pressure units of millimeters of mercury;
values will be 7.6 times those displayed with the control set
to %, since 100% PO2 corresponds to 760 mm Hg, or atmoépheric
pressure. mm Hg EXP is an expanded scale in which the gain
is increased by a factor of 10 over the mm Hg scale or 76 over
the % scale, thus increasing the resolution. Any time these
scale factors are changed, the decimal point on the display
always appears at the correct position for the units indicated.

€. COARSE GAIN Sets the range of current gain. The
Settings indicate the magnitude of current which produces a
display of 100.0 when the OUTPUT control is set to % and
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FINE GAIN is at its full counterclockwise position. For
example, if the COARSE GAIN is set to lO_lO, with OUTPUT at
3 and FINE GAIN counterclockwise, the display will be in

12

units of picoamperes (10 ampere) , with 0.1 picoampere the

least significant digit.

f. FINE GAIN Varies the gain, as set by the COURSE
GAIN control, by a factor of about 11.

g. COARSE ZERO Sets the range of zeroing current, which
is used to compensate for the residual current typically seen
with oxygen electrodes in a zero PO, environment. The settings
indicate the scale of the midrange decade of zeroing current.
(See FINE ZERO control).

h. FINE ZERO Varies the zeroing current over about a
three decade range, with the lowest setting (at the full counter-
clockwise position) one order of magnitude below that set on
the COARSE ZERO control.

i. ZERO CHECK/NORMAL When this switch is set to
"Zero Check", the electrode is disconnected from the current
amplifier and the polarization voltage removed. The zeroing
current, however, is still connected to the amplifier and can
be measured at this time. To check the magnitude of the zeroing
current relative to the polarographic current, flip to "ZERO
CHECK" position. If the electrode has been calibrated, the
display will indicate a negative value proportional to the
residual (or zero) current. Prior to calibration, i.e., with
the fine zero full counterclockwise, the display will read

zero + 1.5.

j. ELECTRODE POLARITY Sets the polarity of the poten-
tial applied to the electrode. The polarity of the current
amplifier is internally adjusted so that polarographic current

is always displayed as positive. For oxygen electrodes, this
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control is always set to negative (-); there are, however,
other types of polarographic measurements, such as dissolved
hydrogen determination, which require a positive electrode

potential.

k. ELECTRODE POLARIZATION This control varies
the polarization potential applied to the electrode over a

range of 0.0to 1.0 volt.

2. BACK PANEL TERMINALS AND CONTROLS (See Figure 3.2)

a. INPUT Connector to which the polarographic
electrode is attached. The inner conductor is for the active
electrode, while the outer conductor is used for a shield.
This shield connection can also be used for the reference
input when the active and reference electrodes are in the same

assembly, such as a Clark electrode.

b. REFERENCE Reference electrode input. The inner
and outer conductors are in parallel and connected to chassis

ground.

c. OUTPUT Provides an analog output signal which is
proportional to polarographic current. A 1.0-volt output
corresponds to a digital panel meter reading of 1000 (disregard-
ing position of decimal point). 2.0 volts is the maximum
output. This output is unaffected by the setting of the METER

switch.

d. ELECTRODE POLARIZATION The electrode polarization
output provides a signal which is equal to the polarization

voltage applied to the electrode. Maximum signal is 1.0 volt.

e. LINE VOLTAGE SWITCH Sets the instrument for either
115 or 120 VAC operation. WARNING: THE SWITCH MUST BE SET
TO THE PROPER LINE VOLTAGE BEFORE THE INSTRUMENT IS PLUGGED IN.
OTHERWISE, THE INSTRUMENT MAY BE SEVERELY DAMAGED.

f. FUSE Fuse holder for a 0.25-amp, slow blow fuse,
type MDL 1/4.
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B. INSTRUMENT PREPARATION
1. POWER REQUIREMENTS AND WARM-UP

The instrument is designed to operate on either 105-125
VAC or 210-250 VAC, 50-60 Hz. The line voltage is selected
by the LINE VOLTAGE SWITCH on the back of the instrument.
MAKE SURE THAT THE LINE VOLTAGE SWITCH IS SET TO THE APPROPRIATE
VOLTAGE BEFORE PLUGGING IN THE INSTRUMENT.

The instrument should be plugged into a grounded receptacle

and turned on at least one-half hour prior to use.

2. CONNECTIONS TO EXTERNAL EQUIPMENT
a. Sensing Electrodes
- (1) Our microelectrode (Cat. # 723) is connected
to the input connector via our Miniature Micro electrode
Holder (Cat. # 1108), otherwise, a high quality coaxial
cable should be used.

(2) The needle electrode (Cat. #760) is provided
with a 30" shielded cable. The connection is also

made via the input connector.

(3) Our Clark electrode (Cat. # 730) is connected
to the input via our Clark electrode cable (Cat. #77104) .
Here, the "built in" reference electrode is connected

to the shield of the coaxial cable, thereby grounding it.

b. The reference electrode is connected to the
REFERENCE input. Since the outer and inner conductors of this
input are both connected to ground, the type of cable used is
not critical. Our miniature electrode holder (Cat. #1108) can

be used for the connection.

When the system is calibrated by means of the Calibration
Cell (Model 1251), the reference electrode built into the Cell

-13-




is connected to the REFERENCE input. When using a Clark
electrode, do not connect this reference electrode to the
amplifier. Leaving the built in reference electrode submersed
in the same solution with the Clark electrode will not affect
the reading, providing the reference electrode is NOT connected
to the amplifier. Before the measurements are taken, the
reference electrode to be used during the experiment is connect-
ed to the instrument. If the reference electrode used during
the experiment is a type other than Ag/AgCl (that used in the
Calibration Cell), then it should be placed in the Cell and
used during the calibration procedure. The same type of refer-

ence electrode must be used for both calibration and measurement.

c. Use of the OUTPUT connector is optional. For
most applications, however, it is desirable to connect this
output to a strip chart recorder. The recorder is extremely
useful for observing the stabilization during the calibration
procedure (see Section 3.3), as well as for monitoring changes
in PO2
cover the full range of the Microsensor, while a 250 or 500 mV span

during the experiment. A 1.0-volt, full scale span will

is useful for the lower concentrations normally encountered.

d. THE ELECTRODE POLARIZATION output provides an
alternative means by which the polarization voltage can be measured
however, since the potential can be measured on the digital display
and is not changed during a measurement, this output is seldom

needed.

One application in which some users might find this signal
helpful is the plotting of polarographic curves (see Section
3). Normally, the voltage and current are read from the digital
display and plotted manually. However, if an X-Y plotter is
available, the ELECTRODE POLARIZATION can be connected to the
X-axis and the OUTPUT (which represents polarographic current)
to the Y-axis. The plotter sensitivity should be set for a
1.0-volt full span on both axes. The plot should be made as a

series of points rather than a continuous line, since the pen
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will have to be lifted each time the polarization voltage
is changed in order to allow the electrode to stabilize at

the new voltage.

3. INITIAL CONTROL SETTINGS
This action will'prepare your instrument for calibration.

The typical initial control settings should be as follows (See
Section III-A for a functional description of the controls).
a. POWER - ON Let instrument warm up at least %

hour prior to use.

b. ELECTRODE POLARITY - Negative for oxygen measurements.

Positive for hydrogen measurements.

c. METER - Electrode Polarization to display the voltage.
The voltage is adjusted with the Electrode Polarization Control.
Proper voltage varies élightly with the type of electrode used,
so refer to the instruction sheet enclosed with your electrode.
Switch to OUTPUT to display current or oxygen concentration.
Switching the meter switch from ELECTRODE POLARIZATION to OUTPUT
does not affect the polarizing voltage to the electrode.

d. OUTPUT - Set to units desired, either % Oxygen or
mm Hg.

€. ZERO CHECK - Since some electrodes can be damaged
by applying excessive voltage, it is advisable to keep this
switch at the ZERO CHECK position prior to setting the polar-
ization voltage. When the switch is in this position, it dis-
connects the polarizing voltage to the electrode. When the
electrode is in position, and the proper voltage adjusted, flip
to NORMAL.
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f. FINE ZERO - Full counterclockwise (minimum current).

g. COARSE ZERO - Full counterclockwise (minimum current),

h.  COARSE GAIN - Full counterclockwise, unless proper

gain range is known through experience with the electrodes.

i. FINE GAIN - Full counterclockwise.

-16-
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C. ELECTRODE CALIBRATION PROCEDURE

1. HANDLING

Extreme care must be used for handling our glass
microelectrodes. The needle and Clark electrode are con-
siderably more durable and can be handled without danger of

breakage.

Refer to your electrode instruction sheet for instruction

regarding the handling and care of your electrode.
2. PREPARATION OF CALIBRATION CELL (Cat. #1251) & ELECTRODE

FOR DETAILED.SPECIFICATIONS SEE CALIBRATION CELL MANUAL,
Fill the tank to about 2 cm from the tip with distilled
H,0 and the beaker with about 80ml of physiological saline
(0.9% NaCl). Position the gas dispersion tube so that the bubbles
are directed against the side of the beaker rather than into
the center where they might contact the electrode.
Adjust the temperature controller to the temperature

at which oxygen measurements will be made.

Assuming current and percent oxygen are linear only two
known gas concentrations are required. Zero 0, (100% N2), and
Ambient (21% 02) are sufficient.

The gas supplies should be connected and the Pressure
adjusted so that a moderate stream of bubbles is released. The
calibration cells "built in' reference electrode is used with the
monopolar electrodes (Microelectrode #723, and Needle electrode
#760). It should be connected to the reference input on the

calibration cell and used through the entire calibration.

When using the Clark style electrode (#730 or 731), do not
connect the reference electrode to the Chemical Microsensor,
since the Clark electrode contains its own "built in" reference

electrode. If you have chosen to use other equipment for



“calibration, keep in mind the factors that are vital for

accurate calibration:

A 1. You must calibrate the electrode at tggwﬁgme

(+ 0.2°C) temperature at which you are going to be making

‘measurements.

%\2. You must exposé the electrode to at least 2 pre-

calibrated gas concentrations.

3. SELECTION OF POLARIZATION VOLTAGE

Most oxygen electrodes will function well when polarized
with a potential of -0.75 volt. However, we recommend that .
for optimum performance the user produce a characteristic curve
and thus choose the most appropriate polarization voltage.

To produce a characteristic curve, the Chemical Micro-
sensor must be set to display in units of current. The OUTPUT
switch is set to %, the COARSE ZERO TO 10”12, and both the FINE
GAIN and FINE ZERO to their full counterclockwise positions.
The COARSE GAIN control settings are labeled to indicate the
magnitude of full scale current (a meter reading of 100.0), as
explained in section III, A; therefore, multiply by 10—2 to
obtain the magnitude of the units displayed. (For example,
when the COARSE GAIN is set to 10_8, the actual units being

displayed have a magnitude of lO_lO amp.) Set the control

initially to the 10—6 range.
The beaker in the Calibration Cell should be filled
with about 80 ml of 0.9% NaCl, which has been allowed to equilibrate
with the gases in room air (21% oxygen). The temperature should
be set to that at which the electrode will be used.
Carefully lower the electrode into the solution and set
the polarization voltage to an initial value of =1.0 volt. The

current through the electrode will take at least several minutes
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to stabilize. A strip chart recorder (with a 1.0 volt
full-scale sensitivity) connected to the OUTPUT of Model 1201
will aid in observing the electrode stabilization. When the
electrode has stabilized at ~1.0 volt, record the current and
decrease the polarization voltage to -0.9 volt. Repeat the
procedure at 0.1 - volt intervals, allowing the electrode to
stabilize at each level. At some value below -0.5 volt, the
current may reverse; this reversal is normal, and the procedure

should be discontinued at this point.

After plotting the characteristic curve, observe the
plateau, defined as the region of minimum slope. The voltage
at the midpoint of the plateau should be chosen as the operating
voltage for the electrode. As the electrode‘ages, the shape of
the characteristic curve will vary; however, the operating

voltage chosen initially will usually remain in the plateau region.
4. TYPICAL CALIBRATION PROCEDURE

A. STABILIZATION

The electrode must be stabilized prior to calibration
by polarizing it at its operating voltage for at least several
hours, preferably overnight, while immersed in saline. With some
electrodes, better results are obtained if a solution similar
to the one in which the measurements are to be made is used

for the stabilization process.

The stabilization can be conveniently monitored by
Observing the electrode current on a strip chart recorder
connected to the Chemical Microsensor OUTPUT. Because polaro-
graphic current is highly temperature sensitive, the temperature

must be well regulated in order to avoid an apparent drift.
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B. CALIBRATION PROCEDURE

Set the controls on the Chemical Microsensor as

follows:
Zero, Coarse & Fine - Full Counterclockwise
Gain, Coarse & Fine - Full Counterclockwise
Electrode Polarization - Appropriate voltage
' (See Section ) -
Meter - Output
Output - Units desired

The electrode should be stabilized as in Section 3 C.
Leaving the electrode in the calibration cell, bubble room air
into the calibrating solution for at least 5 minutes.

Adjust the coarse and fine gain to produce a meter read-
ing of 21% or 159 mm Hg (PO2 of atmospheric oxygen).

Since some electrodes are motion sensitive, the bubbling
must be stopped before a calibration point can be set.

Bubble 100% Nitrogen into the calibrating solution.

When the reading has stabilized at it's near zero value (3-5
minutes), adjust the coarse and fine zero controls to subtract
out this "residual" current, thus producing a reading of zero
on the meter.

Adjustment of the zero controls will slightly offset the
initial 21% calibration point. Bubble air through the chamber
again and adjust the 21% value, using the fine gain. Follow this
by nitrogen. After 1 or 2 iterations between air and nitrogen,

N the instrument will be calibrated.

C. ABSOLUTE CURRENT MEASUREMENTS

The Chemical Microsensor can be used to measure in units
of current rather tbhan POZ‘ This is particularly useful when
working with a standard curve as described in sections 2 A and
ITT C 3.
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For most applications, no calibration is needed. The
OUTPUT control is set to "2" and the FINE GAIN, FINE ZERO and
COARSE ZERO controls are all set to their full counterclockwise
positions. The COARSE GAIN is then set to the full scale
current range desired. Since a full scale reading is "100.0,"
the actual units of the current being displayed will be two
orders of magnitude less than the full scale current, or 10—2

times the COARSE GAIN setting.

The instrument can be calibrated for a more precise
current measurement, in which case a 1.00 megohm, 1% resistor
is required. This resistor should be connected between the
inner and outer conductors of the INPUT connector in place of
the oxygen electrode. The controls are set as described in
the last paragraph, with the exception that the COARSE GAIN is
set to "10—6" for the calibration, and the ELECTRODE POLARIZATION
is adjusted to provide a polarization voltage of 0.5000 volt.
(The METER switch is temporarily set to "POLARIZATION VOLTAGE"
for this adjustment, then returned to "OUTPUT"). The FINE GAIN
is then adjusted so that a value of "50.0" is displayed. Unless
the FINE GAIN control is moved, the instrument will now be fully
calibrated for current measurements on all ranges as set by the
COARSE GAIN control).

On the lO-lo gain range, a slight offset from zero
might be noticed due to leakage currents. With the ZERO CHECK
switch set to "NORMAL" and nothing co-nected to the input,
the FINE ZERO control can be adjusted to remove the offset.

D. OBTAINING OXYGEN MEASUREMENTS

Following calibration, leave the electrode hooked to the
irput of the Chemical Microsensor, remove it from the Calibra-
tion Cell, and insert it into the media material from which

measurements are to be taken (Refer to your electrode manual
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for special handling instructions).

If a reference electrode is needed (as with Transidynes
microelectrode, Cat. #723, and needle electrode, Cat. #760),
disconnect the calibration cell reference electrode from the
Microsensor and connect the reference electrode to be used
in the experiment (Transidyne Cat. #334 reference electrode
with 1108 Microelectrode Holder). The reference electrode
and working electrode need not necessarily be in close prox-
imity, so long as there is electrical continuity between the

two electrodes.

This means, for example, when working in a small ahimal,
the reference electrode may be inserted beneath the skin, or
under the tongue. WHEN USING A BIPOLAR ELECTRODE (CAT. #730, 731)
DO NOT USE A REFERENCE ELECTRODE.

Note: Changing reference electrodes (from the one
in the calibration cell to the one used in the tissue) will not
affect your results. You may, however, wish to use the same
reference throughout the operation, just for the sake of con-
venience.

If possible, the 21% calibration point should be checked
about every 3 hours, at the conclusion of the experiment. De-
pending on the material or solution the electrode has been in
contact with and the success of the initial stabilization,
the contamination of the cathode can occur producing a slight
drift. This is usually only a few percent per hour. If a
calibration check indicates that drift has occurred, one can
generally assume that the drift has been linear with time and

make appropriate corrections in the measured wvalues.
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1. CORRECTION FOR WATER VAPOR PRESSURE

When any calibration instrument is used in which a
gas mixture of known composition is dissolved in saline, the
gas with which the saline is equilibrated will be saturated
with water vapor. Since the water vapor dilutes the oxygen,
resulting in a lower PO,, the following correction should be

made when doing a precision calibration.

(a) Calibration in mm Hg:

- o -
POy (cor) 50, (DRY)(PATM P /100
where PO2 (COR) the corrected PO2 in the liquid to which
the system should be calibrated
602(DRY) = the percentage of oxygen in the dry
gas mixture
PATM = the current atmospheric pressure
PV = the vapor pressure as obtained from

Table 3.1

(b) Calibration in %0

2:
Py
%0, (COR) = 30, (prY) (1 - ;—— )
ATM
where 602(COR) = the percentage of oxygen with respect to

total dissolved gases.

A short listing of water vapor pressures at various
temperatures is given in Table 3.1. For more information refer
to the Handbook of Chemistry and Physics, published by the

Chemical Rubber Co., under the heading "Vapor Pressure of Water
O "
below 100°C.
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TABLE 3.1

Vapor Pressure of Water

Temp (°c) V_(mm Ha)
) R
20.0 17.5
21.0 18.7
22.0 19.8
23.0 21.1
24.0 22.4
25.0 23,7
26.0 25.2
27.0 26.7
28.0 28.3
29.0 30.0
30.0 31.8
31.0 33.7
32.0 35.7
33.0 37.7
34.0 39.9
35.0 42,2
36.0 44 .6
37.0 47.1
38.0 49.7
39.0 52.4
40.0 55.3
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IV. PROBLEM SOLVING

A. LINEARITIES & STANDARD CURVE

Most oxygen electrodes will give a response which is
within several percent of true linearity over a full range
of P02 (zero to atmospheric pressure). Other electrodes
will not perform with as high a decree of linearity for
reasons that are not well understood; however, by calibrating
at a point in the vicinity of the expectedPO2 (when a limited
measurement range is being used) or by working from a standard
curve (when a wide range is required), high accuracy can be
achieved regardless of any electrode nonlinearity is observed
is whether it is a reproducible characteristic of the electrode,

a non-reproducible characteristic, or a calibration error.

Calibrating errors are primarily the result of insufficient
stabilization, either prior to calibration or during calibration.
If the electrode still has substantial long-term drift during
calibration, neither the polarographic curve nor the standard
curve will be accurate or reproducible. It is good practice
to check the standard curve in both directions (high to low PO,
and vice versa) to confirm reproducibility. Review sections

IT, B and III, C 4(a) for information on long-term stabilization.

During the calibration procedure, it is necessary to observe
the stabilization whenever the gas mixture is changed in order
to make certain that the liquid in the calibration cell ‘is
fully equilibrated with the gas mixture. It is very important,
particularly at very low or zero PO, levels, that the gas flow
is sufficiently high to displace all of the air which might

otherwise come in contact with the liquid surface.

Flow sensitivity might be a cause of errors. After the
electrode has stabilized at a particular gas flow rate, change

the flow. If a change in polarographic current is observed,
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it indicates that the electrode is flow sensitive, in which
case the calibration must be done with gas shut off and fluid
motionless (See Section III, C 4(b).

Temperature instability can also produce apparent non-
linearity. Use a high-resolution thermometer to confirm that
the temperature is not drifting. It should be stable to within

several tenths of a degree Celcius.

An unstable type of electrode nonlinearity can be caused
by a poor electrode design or faulty construction in which oxygen
is either absorbed into the insulating material around the cathode
or else the electrolyte seeps between the cathode and insulation.
In such a case, a loss of sensitivity will appear at low PO,
levels, since oxygen will be diffused from the insulation to the
cathode, producing an erroneously high oxygen current. The
absorbed oxygen will in time become depleted at low PO,, result~-
ing in a shift in the calibration. To check for this condition,
make certain that the residual current does not show excessive

downward drift when maintaining a zero PO, environment.

B. HIGH RESIDUAL CURRENT

The residual current at zero oxygen levels should generally
be less than fivecbercent of the current obtained at 21 percent
oxygen. If the percentage is greater, the sensitivity of the
electrode may be insufficient to produce a noise-free, stable
response.

Excessive residual currents usually result from defective
electrodes with leaky insulation. Before discarding the electrode,
however, it is recommended that the Chemical Microsensor and
- electrode connecting cable be checked as alternative sources
of leakage current. The electrode should be disconnected,
leaving the cable attached to the instrument with polarization
voltage applied. 1If the current does not drop substantially
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