Operating Instructions for Silver

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 plug, though alternative plugs may be specified.

1.2 Operating Principles

The electrical potential of an ion selective electrode is a function of the logarithm of the activity of the ion to be measured. The relationship is given by the Nernst Equation:




        RT



E(Measured)

=
Eo +  zT      in AS
where:


Eo is constant characteristics of the electrode


R is the Universal Gas Constant


T is the Absolute Temperature


z is the charge of the ion


F is the Faraday constant


AS is the activity of the sulphide ions

This equation can be simplified to:


Em
=
Constant + S log AS
where S is the slope of the calibration curve. The measured potential Em an only be measured against a reference electrode, such as a double-junction reference electrode placed in the same solution. Measurements are made with a high impedance milli voltmeter or expanded scale pH meter. A meter with a digital display is obviously more accurate and most convenient.

The silver electrode can be used in solutions containing high proportion of organic solvents without ill-effect. For further discussion on the principles of ISE measurements, the user is referred to the Technical Bulletin which is available on demand.

1.3 Selectivity

The electrode will respond uncomplexed silver ion activity over the range 100- 10-6M. The linear detection is around 5 x 10-6M. Curvature of the response is observed from the membrane contributes a small but significant amount of silver to the solution being measured. Fig. 1 shows a typical calibration plot of the electrode. Values for the slope of this plot should lie in the 52-59 mV/decade. If the total ionic strength of all solutions is maintained constant by the addition of a concentration (approx 10-1M) inert electrolyte such as sodium nitrate, the electrode can be calibrated directly in concentration units.
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The activity coefficient of silver ion depends upon the ionic strength of the solution. The following table can be used to calculate the approximate activity coefficient of various ionic strengths.

Ionic Strength

0.001
0.005
0.01
0.05
0.1
0.2


Activity coeff. (f)
0.975
0.945
0.925
0.85
0.805
0.755

The ionic strength of the solution to be tested can be calculated from the formula:



Ionic Strength

=
½ Σ C​iZi2
where Ci is the concentration of species i and Zi is its charge, and all species, cations and anions must be taken into account.

Once the ionic strength is calculated and the activity coefficient found from Table 1 then the activity of the ion of interest is found from:


Activity (Ai)
=
Concentration (Ci) x Activity Coefficient (f)

1.4 Stability

The long-term drift in E0 value of the silver electrode is usually in the region of 2-4mV/day.

1.5 Selectivity

The silver electrode is free from all interference's apart from mercuric ions. The level of mercuric ions should be below 10-7M.

1.6 Response Time

The electrode will respond to a step change in silver ion activity in solution in milliseconds. When, however, the electrode is removed from one solution and placed in another of different sulphide concentrations, it may take up to 10 seconds to achieve a new equilibrium. The presence of other ions has no appreciable effect on response time.

2. Operating and Handling

2.1 Initial Setting-Up

On receipt of the electrode remove it from its packing and inspect for damage, particularly to the membrane which forms the sensing end of the electrode. Clamp the electrode with its sensing end in a solution of silver nitrate (10-1M) for about an hour or until the electrode potential, when measured against a D. J. 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 silver solution on a magnetic stirrer. Clamp a reference electrode (a double junction reference electrode is quite adequate) so that its end is immersed in the same solution and connect both electrodes to a pH or milli voltmeter. Record the potential when it becomes steady. Change the test solution sequentially for 10-2, 10-3 and 10-4M silver solutions and plot the calibration curve, washing and drying the electrode between solutions. NB. The solution should be protected from daylight, as silver ions are light sensitive.

Unknown solutions can now be measured directly. For further details of method of measurement the user is referred to Technical Bulletin E1 available form 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 sir or returned to its packing container. This is, in principle, no limit to the storage time. The membrane should be protected from 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-thorough 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 down-stream of the electrode. The combination of the electrode with a sampler and pumping system can result in a versatile and low-cost continuous silver monitor.

3. Applications and Bibliography
The silver electrode has been widely used in both direct and indirect methods. It has found application in the determination of silver in photographic fixing solutions (by titration) and is used to measure low levels of silver directly.

Low Levels
"Determination of Silver ion in parts per billion range with a selective ion electrode". Miller D. C., West, P W. and Muller R.H. Anal. Chem. 1969 41 (14), 2038.

Cyanide Plating Baths

1. "Applications of Specific Ion Electrodes to Electroplating Analysis". Frant, M. S; Plating July 1971, 686

2. "Application of Ion Selective Electrodes to the Analysis of Silver-Plating Baths". LaPatnick, L. N., Anal. Chim. Acta., 1974, 72, 430.

Gold Cyanide Plating Bath

" Application of specific Ion Electrode to Electroplating Analyses"

Frant, M. S. Plating, July 1971, 686.

Photographic Fixing Solution

See Orion Research Inc. Applications Bulletin No.14.

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.

4.3 Slope of electrode much less than 50 mV/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 silver 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 for exchange.

