INSTRUCTION AND OPERATING MANUAL

FOR

Type PO4
POLARITER

ePO4
Title page




RADIOMETER

CONTENTS

SECTION 1 - GENERAL DESCRIPTION

1,1 TUses
1.2. The principle of (conventional) polarography
1,3 The operating principle
1.4 The controls
1.41 Terminals
1.42 Switches, dials, knobs, and buttons
1.43 The recorder

SECTION 2 - MOUNTINGS

2.1 Specifications
2.2 Mountings
2.21 General
2. 22 Mounting the electrode stand
2,23 Inserting the chart paper
2. 24 Servicing the pen

SECTION 3 - INSTRUCTIONS FOR POLARITING

3.1 Recording a polarogram of the test solution, type 53001
3.2 General instructions for recording a polarogram
3.21 Preparing the solution containing the
medium to be analyzed
3. 22 Recording the polarogram
3.23 After use
3. 24 Compensations

SECTION 4 - SPECIFIC INSTRUCTIONS

4,1 Peak current recording polarography

4,2 Reverse polarography

4,3 Derivative polarography

4,4 Amperometric titrations

4,5 Using the PO4 with the Kemula Equipment
4,6 Polarography with controlled drop life time

SECTION 5 - TESTING

5.1 Test 1 and test 2
5.2 Test 3

APPENDIX A - INSTRUCTIONS FOR ELECTRODE ASSEMBLY,

TYPE E63

APPENDIX B - INSTRUCTIONS FOR ELECTRODE ASSEMBLY,
TYPE E64

ILLUSTRATIONS

RADIOMETER . 72 EMDRUPVEJ . GOPENHAGEN NV . DENMARK

Frinted [n Denmark

ePO4
Contents /863




o RADIOMETER

CONTENTS
of

APPENDIX A
INSTRUCTIONS FOR USE OF THE DROPPING Hg ELECTRODE ASSEMBLY,

TYPE E63
SECTION A 1 - GENERAL DESCRIPTION page
Al,1 Uses Al-1
Al2 Operating principle Al1-2

SECTION A 2 - MOUNTING

A2.1 Specifications A2-1

A2,2 Mountings
A 2.11 Mounting and replacing the capillary A2-1
A 2,12 The reference system A 2-2

' SECTION A 3 - INSTRUCTIONS FOR USE

A 31 Measurement A 3-1

A 3.2 After use A 3-1

A 3.3 Maintenance and handling A 3-1

E RADIOMETER . 72 EMDRUPVEJ . COPENHAGEN NV . DENMARMK —————ssmmre printed in Danmark ===
eE63

Contents /863



RADIOMETER

CONTENTS
of

APPENDIX B

SECTION B 1 - GENERAL DESCRIPTION
Bl.l1 Uses
B l.2 Operating principle

SECTION B 2 - MOUNTINGS
B2.1 Specifications
B 2.2 Mountings
B 2.21 To mount the laboratory stand
with rule and electrode head
B 2,22 To mount the Hg capillary and
' the mercury reservoir
B 2.23 To fill the system with mercury
B 2.24 To mount the calomel electrode
B 2.25 To mount the stopper, B757, and
8 inlet tube, D4330

SECTION B 3 ~ INSTRUCTIONS FOR USE
B 3.1 Measurement
B 3.2 After use

B 3.3 Maintenance and handling

SECTION B 4 - SPECIFIC INSTRUCTIONS
B 4,1 How to mount and use the humidifier, D4530
B 4.2 How to mount the calomel electrode, K501
B 4,21 Refilling the calomel electrode

page
B l-1
Bl-l

w
[y
i

—

W o
T

v/
1

4.-1
4-1
4-2

W @ W

RADIOMETER . 72 EMDRUPVEJ . COPENHAGEN NV . DENMARHK

Peintad In Danmark

eF 64
Contents/863




— RADIOMETER

[y
1
o

SECTION 1
GENERAL DESCRIPTION

1.1 USES

Polarographic analysis, which covers a wide area in the general field
of chemical analysis, is based on measurement of the diffusion current
of the electrolytic process in a chemical system with a well-defined
reduction potential, The electrolytic process may very often be the
reduction of inorganic compounds, such as metallic ions, oxygen or
oxidizing compounds, but many organic compounds, such as aldehydes,
ketones, sugars, unsaturated acids, peroxides, nitro compounds, and
azo compounds, can also be determined in aqueous solutions,

The PO4 Polariter can be used for:

(1) Conventional and derivative polarography

The PO4 Polariter is designed primarily for use in quanti-
tative polarographic analysis, by which it is possible to
determine unknown components in concentrations down to

i about 10-6 mol per liter. Simultaneous detection and
determination of several compounds or ions are possible,
but in that case the sensitivity will not be optimal for-all .
compounds,

I'or conventional polarography the PO4 uses a polarographic
cell with a dropping mercury electrode, such as the cells
of the Electirode Assemblies types E63 and EG4.

For derivative polarography the PO4 can be used directly
with the electrode assemblies mentioned.

(2) Polarography with controlled drop frequency
(Tast Polarography or Rapid Polarography)
g Yy graphy

For these purposes the PO4 can be used with the Electrode
Assembly E64, Some extra accessories are required, viz.
a Drop Life Timer, type DLT1, and a Kit for Drop Life
Control, type D453,

(3) Polarography utilizing the hanging drop
technique

For this kind of polarography the PO4 is used with the
Kemula Equipment, type E69 (extra accessories). When
using the Kemula method, a very increased sensitivity is
obtained, so it is posgsible to detect metal ions at concen-
trations down to 10-9 moles per liter,

[ S
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(4) Amperometric measurements with a fixed
voltage across the electrode terminals,
such as utilized in amperometric titrations.

Also for such purposes the PO4 is useful. In many cases
the standard mercury electrode is often replaced by a
rotating platinum electrode such as the Radiometer type
SMP1/D131/P141.

The PO4 Polariter is a completely line operated instrument primarily
designed for precision work in the research field. However, it can
also be used to advantage in the routine laboratory because it has
various devices that facilitate this kind of work considerably.

THE PRINCIPLE OF (CONVENTIONAL) POLAROGRAPHY

The polarographic method was introduced in chemical analysis by
professor Jaroglav Heyrovsky in about 1925, In it, the current of an
electrolysis in an aqueous solution is measured while the electrolysis
voltage is gradually increased. The voltage is varied linearly with
time during the recording of a standdrd polarogram.

The properties of the electrodes differ widely. The anode is a calomel
electrode that must be able to keep a constant reference potential even
at currents of the order of 100 A, and the cathode is an easily polariz-
able micro electrode. Generally it is designed as a dropping mercury

electrode,
The dropping mercury electrode has been chosen because

(1) The surface of the electrode ig constantly renewed, thus main-
taining the good polarizability.

(2) The mercury electrode can operate on a wide voltage range
because mercury is a relatively precious metal and has a
comparatively high overvoltage to hydrogen.

If the electrolysis current is recorded as a function of the impressed
voltage, the result is a curve, the so-called polaro gram, The cur-
rent recorded will, of course, vary with the size of the mercury drop,
so the curve will be indented, having an indent frequency which is equal
to the drop frequency. Leaving this detail out of consideration, a
polarogram consists of a stepped curve, if components are presgent
that can be reduced or oxidized in the potential range covered by the
mercury elecirode. The potential that corresponds to the middie of
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a step of the curve is called the half-wave potential, This is a charac-
teristic quality of the above reduction or oxidation process and serves

to identify the analyzable components of the sample,

The, diffusion current is an equally characteristic quality of the
quantitive determination of analyzable components. The diffusion
current is measured as the height of the step in a polarogram,

It is proportional to the concentration in the sample so that, by
comparing the height of the steps in the polarograms of an unknown
solution with those of a standard solution, it is easy to find the
concentration in the unknown solution. If several electrode reactions
occur, the polarograms of the individual components will generally

be superposed in the polarogram.

As mentioned above, a half-wave potential is a characteristic quality
of the actual electrode reaction. In the reduction of metal ions there
is an evident relation between the half-wave potential and the location
of the metal in the electromotive series. The location of the half-
wave potentials, however, depends on the chemical conditions of the
sample, such as the possibility of the formation of complexes. In
certain cases this can be utilized to separate steps in the polarogram

which under other conditions would interfere with each other.
Example ({see polarogram at the back of the manual)

Polarogram of solution of

1.0 x 10”2 mole /1 TIC1 and 0.5 x 107> mole/1 CdCl,

The solution containg an ammonia-ammonium chloride buffer to
ensure that a stable pH and a good electrolytic conductance between

the mercury electrode and the calomel electrode.

The polarogram has 2 steps, one at approximately -480.mV cor-
responding to the half-wave potential for the process

T + 0 —» T1 (Hg)
and another step at approximately -800 mV corresponding to

cd™t+ 20 — » Cd (Hg)
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Ag appears from the polarogram at the back of the manual, the dif-
fusion current is constant in a wide potential range when the half-

wave potential has been passed.

This ig because it is not the electric field strength around the drop
that determines the flow of ions to the mercury electrode, but ex-
clusively the thermal diffusion of ions (and possibly other depolarisers)
to the electrode surface. The problem can be dealt with mathematical-
ly, and the relation between the diffusion current and the concentration,
the rate of flow of mercury, and the drop time is expressed in Ilkovic's

eguation:
iy = 605nD /2 c m2/3 4116

where id ig the average current in microamps during the life of a
drop, n is the number of equivalents that are transferred by the re-
action of a mole in the electrode reaction, D is the diffusion coefficient
of the reducible or oxidizable substance in the unit cm?2 sec‘l, Cis
its concentration in millimoles per liter, m is the rate of flow of
mercury from the capillary expressed in the units mg sec'l, and t is

the drop time in seconds.

The diffusion coefficient can be determined once and for all for a
specified ion in a specified supporting electrolyte at a specified
temperature {(when recording polarograms of a standard solution of
the ion concerned), The unknown concentration of the ion can then

be computed on the basis of the diffusion current measured, as the
quantities m and t are readily accessible for measurement. Using
Iikovic's equation when sghifting to another capillary makes it possible
to theoretically calculate the new gstandard curve. As the diffusion
current is dependent on the temperature, the drop time, and the
quantity of mercury issued per time unit, these factors must be kept

constant during the recording of a polarogram.

For further details on the theory and practice of polarographic ana-

lysis, we refer the reader to the vast literature on the subject:

m— RADIOMETER . 7Z EMDRUPVEJ . COPENHAGEN NV ., DENMARK

Frinted in Denmark ==

ePO4
1-4b /763



— RADIOMETER
1-5
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Paris 1950, 39 p.
J. Heyrovsky: "Polarographie',
Springer-Verlag, Wien 1941, 514 p.
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1.3 THE OPERATING PRINCIPLE

The construction of the Polariter, type PO4, can be divided into 4
main elements: the power supply, the recorder unit, the amplifier,
and the input controls for the amplifier. The simplified diagram at
the back of the manual shows the operating principle of the instrument.
The stabilized power supply, details of the arﬁplifier and the recorder,

and test circuits have been omitted from the diagram,

From the power supply a stabilized d-c voltage is supplied across the
APPLIED EMF potentiometer in the lower left-hand corner of the dia-
gram so that the potential at the CALOMEL terminal can be varied
between +3195 mV and -605 mV synchronously with the chart feed of
the recorder (indicated in the diagram by the dotted line to _E).

The polarographic current in the cell flows to the Hg-terminal of the
PO4 and through the CELL-ZERO-TEST selector to the variable re-
sistor, SENSITIVITY. The voltage drop across this resistor is pro-
portional to the polarographic current. The voltage at the top of this
registor is fed - through the DAMPING network, a 2-stage RC low-
pass filter - to the input of the amplifier, i.e. the upper contact of
the vibrator. The amplifier acts as a phase-sensitive null-detector,
so when the output is fed to a servomotor, this motor runs in a direc-
tion that corresponds to the phase of the input, with the result that the
voltage at the bottom of the SENSITIVITY resistor due to movement
of the servopotentiometer has changed by exactly the same value as
the voltage drop across the resistor. In this way the potential at the

top of the resistor is kept constant.
To summarize the function of the servosystem of the PO4:

(1) The input of the amplifier is again zero so that the motor
does not run.

(2) The potential of the Hg-terminal remains unchanged from
the potential found when no current flows so that a cancella-
tion of the voltage drop across the SENSITIVITY resistor is
obtained,

The two main advantages obtained in this way are:

(1) The position of the pen corresponds exactly to the current
flowing through the SENSITIVITY resistor.

(2) The APPLIED EMF, i.e, the potential of the CALOMEL
terminal, is identical to the voltage across the pair of elec-
trodes of the polarographic cell.
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The zero of the amplifier is controlled by the ZERO potentiometer by
means of which the potential of the lower pole of the vibrator can be

kept at an adequate value,

The networks CONDENSER CURRENT and DIFFUSION CURRENT

can supply an additional current component besides the polarographic
current through the SENSITIVITY resistor and the SERVO potentiometer.
The CONDENSER current network is supplied with a d-c voltage from

a potentiometer moved synchronously with the APPLIED EMF potentio-
meter. Therefore the current from the network is proportional to the
voltage across the polarographic cell., In this way the condenser current,
which roughly is proportional to the voltage across the cell, can be com-
pensated by using the CONDENSER CURRENT network.

The DIFFUSION CURRENT network supplies a current that is independent
of the voltage across the cell. A constant current component of the polar-

ographic current can be compensated by means of this network.

The PO4 has also a DERIVATIVE CIRCUIT, that is, an RC-network
following the SENSITIVITY resistor. In ON-position the current through
this differentiation network is directly recorded after being amplified,

i.4 THE CONTROLS
Note: The encircled numbers refer to the drawing at the back of
this manual,
1,41 Terminals
(1) DROPPING Hg ELECTRODE
@ CALOMEL ELECTRODE
® =
Chassis terminal

A jack for grounding the PO4 is located on the back panel.

1,42 Switches, dials, knobs, and buttons

(4) Appiied EMF POTENTIOMETER

This potentiometer controls the voltage of the DROPPING
Hg ELECTRODE terminal referred to the CALOMEL
ELECTRODE terminal as a zero potential. This voltage
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is directly shown on the scale of the dial, ranging {rom
40. 5 to -3.0 volts, The dial may be operated by hand or
coupled synchronously to the recorder.

In the dial are two rows of holes. A knurled screw
inserted in a hole in the outer row of holes will 1limit the
counter-clockwise movement of the dial, so it can be used
for fixing the starting voltage of the range to be covered
in the polarogram.,

A knurled screw inserted in a hole in the inner row of
holes operates the switch of a built-in buzzer, which will
indicate the ending of the recording (the dial and the re-
corder will automatically stop moving shortly after the
buzzer has been switched on).

Knob for manual feed of the chart paper

@

CHART FEED
ON-OFF switch that operates the chart motor.

A

Lever for selecting the synchronization between the move-
ments of the chart motor and the APPLIED EMF potentio-

meier.

©

It has 3 positions:

upper: 0.05, giving 0.05 V/cm chart
center: 0, APPLIED EMF kept constant
lower: 0.1, giving 0.1 V/cm chart

B

Switch for setting the chart speed. It has 3 positions:
2, 4, and 8 cm per minute,

FORWARD - REVERSE

Lever that controls the direction of rotation of the paper
drive,

ON-OFF

Power switch

SELECTOR
Four-position selector for selecting the input:

® 6 ©

(a) CELI. (input from the electrode circuit)

(b} ZERO (electrode circuit opened, no current input)
(¢} TEST 1 (current input 0.4 pA/V of applied EMF)
(d) TEST 2 (current input 40 pA/V of applied EMF)

TEST 3
Button for testing the sensitivity of the recorder directly

®

s
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@ CURRENT SENSITIVITY, uA FULL SCALE

This selector controls the input sensitivity of amplifier
in 25 steps from 0. 02 to 200 pA for the full 25 cm scale
of the recorder,

DAMPING

Selector with 9 positions used to diminish the oscillations
of the polarographic current when recorded. The higher the
setting, the higher the time constant of the damping network,

@ SET ZERO

Knob for controlling the zero on the recorder. The zero
can be selected continuously over the whole range from
0 to 100% of the recorder.

& DIFFUSION CURRENT COMPENSATION

Compensation of diffusion current is controlled by a switch
16a and a continuous knob adjustment 16b . The current
compensated is equal to the product of the two settings.
The possible compensgations range from -20 pA to 100 pA,
@ CONDENSER CURRENT COMPENSATION

This knob provides for continuous compensation of condenser
current or of currents that are proportional to the applied
EMF from 0 pA/V to 0.5 pA/V.
DERIVATIVE CURRENT
ON-OFF switch for the derivation network:
OFF: Conventional polarography (i versus E)
ON: Derivative polarography (g—-lﬁ versus E)

1,43 The recorder

Pen and pen holder

The pen and pen holder are locked together when the red-
point end of the bar of the pen holder is pressed in, The
pen is released when the green-point end is in.

Knife for cutting the chart paper.

— RADIOMETER . 72 EMDRUPVEJ . COPENHAGEN NV . DENMARK ——————————— prisfed in Deamark ===

T ———

eP(Oq
1-95/763



= RADIOMETER
2-1
SECTION 2
MOUNTINGS
2.1 SPECIFICATIONS
2.11 1 Polariter type PO4
Dimensions (over-all) :
Height: 270 mm
Width: 710 mm
Depth: 350 mm
Weight:
42 kilos
Power supply:
110, 127, 150, 200, 220, or 240 volts, 40-60 cps.
Power consumption: 100 watts.
2.12 Standard accessories supplied with the PO4
1 line cord type 12K21
1 bottle, 50 ml, quick-drying recording ink - 87015
1 bottle, 250 ml, test solution - 53001
1 bottle, 50 ml, sodium sulfite - 54048
5 rolls chart paper - 980-A3
1 box containing: :
2 pens with cleaning needles - D192
2 cleaning needles
4 INFA wrenches (1.5-2-2,5-3)
2 fuses T-0,63 amps - 520
2 fuses T-1,25 amps - 520
1 instruction manual
2.13 Extra accessories used with the PO4 for
ordinary polarography
Electrode assembly iype E63
Electrode assembly - E64
2.14 Extra accessories used with the PO4 for
special polarographic applications
KEMULA equipment type E69
Kit for Drop Life Control for E64 - D453
Drop Life Timer - DLT1
E RADIOMETER . 72 EMDRUPVES . COPENHAGEN NV . DENMARK -———————— finted in Danmark =
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3.2 MOUNTINGS

2.21

Note:

2.24

General

Adjust the line voltage selector and connect the line cord.
Apply the separate GROUND connection, if the line socket
does not provide for ground connection to the red lead of the
line cord.

Mounting the electrode stand

See appendices A and B: Instructions for use of the Electrode
Assembly, type K63, and the corresponding instructions for
Electrode Assembly, type E64.

Inserting the chart paper

(1) Tilt the drum assembly on its lower edge by pulling the
two red knobs of the recorder.

(2) Release the roller.

(3) Mount the chart roll on the roller and place it in the spring
bearings again (Note: the chart roll must turn from back
to front back to front when the paper is being unwound).

(4) Open the springs that hold the paper on to the drum and
pull a strip of paper over the drum,

(5) Make sure that the lines of the paper are parallel to the
axis of the drum, and turn the paper holder on to the drum.

(6) Push the drum assembly back into position (both the red
knobs must snap).

In cutiing off the chart paper slide the knife along
the steel wire, The tiny wheel in the knife must run on
the horizontal rail below the drum. If not, press the small

tip on the knife and press the knife into position,
Servicing the pen

(1) Mounting the pen; Press the red dot of the indicator slide.
Insert the pen on the lefi-hand side of the indicator slide
with its arm below the suspension wire and the edge of the
chassis. Push the pen to the right until it is coupled to-
gether with the indicator slide. Fill the pen with a few
drops of ink,

(2) Removing the pen: Press the green dot of the indicator
slide, pull the pen glide to the left, and lift it off the
suspension wire,

(3) Interrupting the recording: Lift the container until it is
caught by the arm on the right-hand side of the indicator
slide. In the case of long periods: Press the green knob
and pull the pen slide io the left. XKXeeping the pen on to
the paper like this prevents clogging.

2-2
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(4) When out of use for more than a day or so: empty the
container and rinse with distilled water. Suck the
capillary tube empty by means of a suction pump, a pipette,
or filtering paper.

(5) If required, clean the pen by means of water with an ad-
mixture of detergent and a%ply vacuum or air pressure to
the capillary tube. A 0.15% mm wire can also be used for

cleaning,
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