Operating Instructions for Lead

Ion Selective Electrode

1. Introduction

1.1 Construction

The electrode consists of an inert polymer body on the end of which is mounted the sensitive membrane. All connections in the electrode are solid-state contacts, there being no liquids of any type inside the body. The high state of surface finish of the membrane is an essential feature for maximum sensitivity and performance. The low-noise shielded cable terminates in a BNC, though an alternative plug may be specified.

1.2 Operating Principles 

To measure the activity of lead ions in an aqueous solution, the electrode is placed in the solution and clamped in position. A reference electrode must also be placed in the same solution and both electrodes are then connected to the appropriate input terminals of high impedance mV meter or expanded scale pH meter. A digital readout meter is obviously most convenient and more accurate. A double junction reference electrode should be used since the seepage of chloride ion from the reference will complex the lead ion and cause a steady drift of potential. 1M Kno3 should be used in the bridge compartment. The potential thus measured is a function of the lead ion activity and any interfering ions present according to the equation:


E
=
Eo + s log (aPb + KPb/X-aX) 2/x

where


S
=
measured slope of calibration plot in pure lead solvents


aPb, aX
=
activity of lead and interferent ions


KPb/X
=
selectivity coefficient


z
=
ionic strength of interferent ion


Eo
=
standard potential (constant)

1.3 Selectivity

This electrode will respond to free Pb2+ ions in solution in the range 10-1M-10-6M. If the ionic strength of all solutions is maintained constant by the addition of an inert electrolyte, e.g. 0.1M potassium nitrate or acetate buffer, the electrode can be calibrated directly in concentration units.
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Daily re-calibration is recommended for analytical use.

Slope of the calibration

plot is generally in the

region of 29-33 mV/decade
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The activity coefficient of lead ions depends upon the ionic strength. The following table can be used to calculate the approximate activity coefficients.

Ionic Strength:
0.001
0.002
0.005
0.01
0.02
0.05
0.10


Activity Pb++:

0.904
0.869
0.805
0.74
0.67
0.55
0.48

1.4 Stability

The long-term drift in Eo value of the lead electrode is usually in the region of 2-4mV/day.

1.5 Selectivity

The only serious interference to the operation of the lead selective electrode arises from the presence of mercuric ions in a test solution. The membrane is only fractionally more sensitive to lead than mercuric ions. The following is a list of the selectivity ratios of other common cations:






KPb/Int



Calcium
=
3 x 10-4


Cadmium
=
8 x 10-3



Copper

=
4 x 10-3


Iron (Fe2+)
=
3.8 x 10-2


Zinc

=
4 x 10-5


Sodium
=
1.3 x 10-3


Mercury (II)
=
0.60

The selectivity ratios will vary slightly with interference concentration. The figures shown are for a concentration of 10-1M.

The presence of certain anions, e.g. Cl-, Br-, I-, S2-, CN-, OH- and ammonia also interfere by either precipitating or complexing lead ions and hence reducing the free lead in activity.

pH Range

The electrode will respond to free lead ion in the range pH4-7. Below 4 the electrode responds to hydrogen ion while above 7, the hydroxide formation causes a decreased electrode response.

Response Time

The electrode response time to a step change in lead ion activity in solution is extremely rapid, with 95% of the potential change completed in 200 msec. Equilibrium is reached in less than 2 seconds. When, however, the electrode is removed from the solution and placed in another of different concentration, it may take up to 20 seconds to regain equilibrium.

The presence of interfering ions does not affect the response time, but in solutions of very low ionic strength, i.e. with no ionic strength buffer, the response time may be extended to several minutes.

2. Operation and Handling

2.1 Initial Setting-Up

On receipt of the electrode remove it from its packaging and inspect for damage, particularly to the highly polished membrane which forms the sensing end of the electrode. Clamp the electrode with its sensing end in a solution of lead nitrate (10-1M) for about two hours or until the electrode potential, when measured against a double junction SCE, remains constant. Overnight soaking is recommended. After this conditioning  the electrode is ready for use.

2.2 Making a Measurement

The electrode should first be calibrated as follows. Clamp the electrode in a vertical position such that the membrane is immersed in a beaker of 10-1M lead nitrate solution on a magnetic stirrer. Clamp a reference electrode (a double junction Ag/AgCl or SCE may be used) so that its end is immersed in the same solution and connect both electrodes to a pH or millivolt meter. Record the potential when it becomes steady. Change the rest solution sequentially for 10-2M, 10-3M and 10-4M lead solutions and plot the calibration curve, washing and drying the electrode between solutions. If an ionic strength adjusting buffer is used, add equal volumes of 0.1M buffer to all calibrating and test solutions.

Unknown solutions can now be measured directly. For further details of methods of measurement, the user is referred to Technical Bulletin E1 available from the electrode supplier.

2.3 Storage and Maintenance

When the electrode is no longer needed it can be merely removed from the test solution, washed and dried and be clamped in the air or returned to its packing container. There is in principle no limit to the storage time. The membrane should be protected form scratching and abrasion during storage. The only maintenance required is an occasional polish with a tissue or soft cloth to keep the membrane surface shiny.

2.4 Flow Through Configuration

A flow-through version is available to enable continuous flow-through measurements to be made. The reference contact can be made at any point in the solution stream joined to the flow cell by a continuous stream of liquid usually downstream of the electrode. The combination of this electrode with a sampler and pumping system can result in a versatile and low-cost continuous lead monitor.

3. Applications and Bibliography

Most of the following reference are concerned with other lead electrode which have been available from time to time, but the applications principles are relevant to this electrode.

1. Titration of oxalate, chromate, tungstate, dihydrogen phosphate, phosphate and ferrocyanide anions with lead nitrate in aqueous medial, methanol, and 1.4 dioxan.

Analytica Chimica Acta, (1972) 60, 405-412

2. Potentiometric titration of sulphate anion.

Anal. Chem., 41 (1969), 967

4. Trouble Shooting

4.1 Wildly erratic readings

i) Air bubble trapped on outside surface of membrane

ii) Excessively violent stirring

4.2 Steady continuous drift in one direction

i) Poor earthing of the mV meter

ii) Excessive leaking from the reference electrode junction leading to continuous changes in the activity coefficients of ions in weaker solutions.

iii) Temperature drift if solutions are not thermostatted, or sample vessel insulated from, for example, stirrer motor.

iv) Not using double-junction reference electrode or salt bridge.

4.3 Slope of electrode much less than 25mV/decade

i) Membrane old and in need of replacing or re-polishing

ii) Presence of an interfering ion in a constant concentration swamping the selected ions. Check performance with pure lead nitrate solutions.

4.4 Totally incomprehensible results may arise from leakage of solution into electrode via the membrane/body seal. If all fails to cure a problem please ship electrode back to supplier or exchange.

