Operating Instructions for Nitrate

Ion Selective Electrode

1. Introduction

1.1 Construction

The electrode consists of an inert fluorocarbon body with a detachable PVC membrane unit, on the end of which is glued the ion selective membrane. Inside the membrane unit, an internal filling solution makes contact between the membrane and the internal silver/silver chloride reference element. The sensitive membrane consists of liquid ion exchange material immobilised in a poly-(vinyl chloride) matrix. Connection to a millivoltmeter is via a BNC plug, though an alternative plug may be specified.

1.2 Operating Principles

The electrical potential of an ion selective electrode is a function of the activity of certain ions in an aqueous solution. This potential can only be measured against a reference electrode, such as a saturated calomel electrode (SCE), placed in the same solution. Measurements are made with a high impedance millivoltmeter or expanded scale pH meter. A meter with digital display is obviously more accurate and most convenient. The nitrate electrode cannot be used in non-aqueous solvents but the presence of up to 40% organic solvents in an aqueous solution can be tolerated. For further discussion on the principles of ISE measurements, the user is referred to the Technical Bulletin which is available on demand.

1.3 Sensitivity 

This electrode will respond to uncomplexed nitrate ion activity over the range 10-1M-10-5M. The linear detection limit was found to be about 10-4.5M, thus Nernstian response was observed in the range 10-1 to 4 x 10-5M nitrate. Curvature of the response was observed at lower concentrations because the solubility of the liquid ion-exchange, leached from the membrane contributes a small but significant amount of nitrate to the solution being measured. Figure 1 shows a typical calibration plot of the electrode. Values for the slope of this plot should lie in the range 55-59mV/decade. If the total ionic strength of all solutions is maintained constant by the addition of a concentrated (ca. 10-1M) inert electrolyte, such as ammonium sulphate or potassium hydrogen phosphate, the electrode can be calibrated directly in concentration units.
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Figure 1. Calibration Curve for Nitrate Electrode




The activity coefficient of nitrate ion depends upon the ionic strength of the solution. The following table can be used to calculate the approximate activity coefficients at various ionic strengths.

Ionic Strength

0.001
0.005
0.01
0.05
0.1
0.2


Activity Coeff.
0.975
0.945
0.925
0.85
0.805
0.755

Table 1 Activity Coefficients of Nitrate Ion

The ionic strength of the solution to be tested can be calculated from the formula:
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Ionic Strength
=     ½  Σ CiZi2
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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 the Eo value of the nitrate electrode is usually in the region of 1-2mV/day.

1.5 Selectivity

The nitrate electrode is subject to interference from a number of inorganic anions, in particular, halides, nitrite, and perchlorate. Relative selectivity ratios for several interfering anions are given in Table 2.

Interferent Ion

Selectivity Ratio
Activity of Interferent at








which measurement made

Cl-


9.4 x 10-3


0.075

Br-


5 x 10-2



0.075

F-


10-6



0.1

I-


4.1



0.001

NO2-


3 x 10-2



0.075

SO4=


3.5 x 10-3


0.001

PO43-


10-6



0.1

C104


16.2



0.1

It can be seen that the electrode is more sensitive to iodide and perchlorate than to nitrate and both these species must be absent for valid nitrate measurements to be made.

The nitrate electrode can be used in the pH range 4-11 at NO3- activities 10-5-10-2. At 10-1M NO3- pH range 2-12 I usable.

1.6 Response Time

The electrode will respond to a step change in the nitrate ion activity in solution in less than ten seconds. When however, the electrode is removed from one solution and place in another of different nitrate concentration, it may take up to 30 seconds to achieve a new equilibrium.

Temporary erratic response and sluggishness in attaining equilibrium is observed when the electrode has been exposed to strongly interfering anions such as I-, Cl-, C104-. After such exposure the electrode should be reconditioned in 10-2M nitrate for 1 hour.

2. Operating and Handling

2.1 Initial Filling and Setting-Up

On receipt of the electrode remove it from its packing and inspect for damage, particularly to the delicate, transparent membrane which forms the sensing end of the electrode. Unscrew the sensor unit and introduce a few ml of the internal filling solution supplied. Remove air bubbles from inside the unit by tapping or pushing a blunt instrument of suitable diameter down into the unit, placing a finger over the membrane to feel when the instrument makes contact and avoiding rupturing the membrane. Fill the membrane unit to over-flowing with solution and screw it slowly back onto the electrode body. After the first few turns observe the surface of the membrane as the unit is screwed up and when the membrane begins to bulge, stop turning it and back-off very slightly to give a flat membrane. Any sign of solution seeping around the membrane indicates a damaged membrane unit and a replacement should be used.

The electrode is now 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 nitrate solution placed on a magnetic stirrer. Ensure that the liquid level does not come above the membrane unit/electrode body junction. Clamp a reference electrode (a double junction electrode containing 0.1M ammonium sulphate in the outer compartment) so that its end is immersed in the same solution and connect both electrode to a pH or millivolt meter. Record the potential when it becomes steady. Change the test solution sequentially for 10-2M, 10-3M, and 10-4M nitrate solutions and plot the calibration curve, washing and drying the electrode between solutions.

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

2.3 Storage 

If the electrode is to be used within a week or so, it can be merely removed from the test solution, washed and dried and be clamped in a vertical position in the air. For longer storage, the internal filling solution should be emptied and the unit stored dry. There is in principle no limit to the storage time but gradual oxidation of the membrane will, however, cause it to harden and lose its response. Shelf life, in its dry state, is better than six months.

2.4 Flow-Through Configuration

A conversion kit 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 flexible nature of the membrane causes the pump pulses to produce rather more 'noise' on the electrode signal than normally found (+0.8mV as opposed to +0.2mV). This can be mitigated by either damping the recorder input signal or using a pulseless pump.

3. Applications and Bibliography

The nitrate electrode finds wide application in sewage treatment and effluent monitoring as well as nitrate monitoring in the photographic and explosive industries.
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4. Trouble Shooting

4.1 Wildly erratic readings

i) Air bubble trapped either inside membrane unit or outside on the surface of the membrane.

ii) Wrong filling solution used

iii) Excessively violent stirring

4.2 Steady continuous drift in one direction

i) Check membrane for leaks. This can be done by wiping the face of the membrane dry and screwing the membrane unit up a little tighter and observing whether any fluid escapes. Replace membrane.

ii) Poor earthing of the mV meter.

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

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

4.3 Slope of electrode much less than 50mV/Decade

i) Membrane unit old and in need of replacing.

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

