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Reproducibility

Reproducibility is limited by factors such as drift and noise.  Within
the electrode’s operating range, reproducibility is independent of
concentration.  Known addition measurements reproducible to ±2%
can be obtained.

Temperature Effects

In traditional reference and sensing electrodes, the potential of the
internal cells is based on a slightly soluble, metal/metal salt
reference system, most commonly calomel/mercury or silver/silver
chloride.  These cells have two distinct disadvantages when
temperature fluctuations are encountered.  First, the internal cell
potential will change because the salt solubility changes with
temperature.  The internal cell potentials of the sensing and the
reference electrode may not change in the same way, nor at the
same rate.  This results in a potential error which will be interpreted
as an error in concentration of the ion being measured.  Second,
longer equilibrium times are required to compensate for varying
solubilities that occur with temperature changes.  Slow response
and drift are often seen when such electrodes are used with
temperature variation.

The internal cell design of the ROSS sodium electrodes and the
ROSS reference electrodes eliminates these shortcomings.  Since
there is little change due to temperature, the internal equilibration
time is no longer a factor.

The slope term S, in the Nernst equation is actually 2.3 RT/nF,
where R and F are constants, n is the charge on the measured
species, and T is the temperature in degrees Kelvin.  This means
that the slope of the electrode, like all electrodes, will change with
changes in temperature.  Calibration curves generated at varying
temperatures are shown in Figure 5.

These curves intersect at the isopotential point, which is the
concentration at which the potential of the electrode does not vary
with temperature.  If the isopotential point is known or can be
measured experimentally, and if the meter has a means of adjusting
the isopotential point, temperature compensation for the ROSS
sodium electrode is possible.  If this correction is not possible for
the meter in use, all standards and samples should be kept at the
same temperature for utmost accuracy.  Whichever the case, the
performance of the ROSS sodium electrode will be far superior to
that of conventional sodium probes because of its unique ability to
resist many complications of temperature variation.
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The typical isopotential point for the ROSS sodium electrode is 
5 x 10-3 M (114 ppm as Na+).  This value may vary and will change
as the electrode ages, the typical range is 5 x 10-3 M to 5 x 10 –1 M.
For greatest temperature accuracy, the isopotential of each
electrode can be determined as outlined.

Determining An Isopotential Point

1. Prepare two standards whose concentration range brackets the
isopotential point.  For the ROSS sodium electrode, prepare 
10-2 M and 10-3 M or 100 ppm and 1000 ppm standards.

2. Measure the millivolt value of the standards at room 
temperature, 20-25 ºC.

3. Measure the millivolt value of the standards at a different room
temperature; 75 ºC is recommended.

4. On semilogarithmic graph paper, plot the concentration values on
the log axis versus the millivolt values on the linear axis, as any
calibration curve would be drawn (see Figure 5).

5. The lines will intersect at the isopotential point.  Read the
concentration off the graph for this point from the log axis.
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Figure 5
Isopotential Point

To determine the isopotential point of a sodium electrode, two
standard solutions are measured at two different temperatures.  
The observed millivolt values are plotted on the linear axis and
concentration is plotted on the log axis.  The point of intersection 
is the isopotential point.

Interferences

Other cations, if present at high enough levels are measurement
interferences and will cause errors.  Table 5 indicates levels of
common cations that will cause 10% error at various
concentrations of sodium.

In practically all samples, most cations listed in Table 5 are absent
or insignificantly low.  Using the ammonium ion in the
recommended ISA does not result in an error, provided that there is
not a large amount of ammonium ion in the sample, and that all
standards and samples have the same level of ISA added.
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Table 5
Levels of Possible Interferences
Causing a 10% Error at Various Levels of Sodium

Interferences
(Moles/Liter) 10-4M Na+ 10-3M Na+ 10-2M Na+

Li+ 4 x 10-3 4 x 10-2 0.4

K+ 1 x 10-2 0.1 1

Rb+ 0.3 3 –

NH4
+ 0.3 3 – 

Ag+ 1 x 10-7 1 x 10-6 1 x 10-5

Tl+ 5 x 10-2 0.5 – 

Interferences
(ppm) 1 ppm Na+ 10 ppm Na+ 100 ppm Na+

Li+ 12 121 1,206

K+ 170 1,700 17,000

Rb+ 11,000 110,000 –

NH4
+ as N 1,800 18,000 –

Ag+ 0.004 0.04 0.4

Tl+ 4,500 45,000 –

pH Effects

The electrode response to sodium ion in solutions at various pH is
shown in Figure 1.  Although the electrode can be used over a wide
pH range, hydrogen ion interferes with measurements of low levels
of sodium ion.  The edge of the shaded area to the left of Figure 1
indicates a minimum pH at which dilute sodium measurements can
be made without hydrogen ion interference.
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Electrode Life

The ROSS sodium electrode should last at least one year under
normal laboratory use.  In time, electrode slope will decrease and
readings will drift, indicating that the electrode should be
reconditioned.  Refer to the Troubleshooting Guide section for
more information.

Electrode Reconditioning

Use this procedure when electrode slope is low, or electrode
experiences drift, and performance cannot be restored by soaking 
in sodium electrode storage solution.

Immerse the ROSS sodium electrode in sodium reconditioning
solution, Cat. No. 841113 for 30 seconds.  Rinse with sodium
electrode rinse solution and store in sodium electrode storage
solution, Cat. No. 841101 for 15 minutes before returning to use.

Theory Of Operation

In sodium measurement, the potential developed at a sodium
selective membrane is measured through the use of two internal
electrochemical cells.  The membrane potential is added in series,
to the potential of the sensing reference cell, and their sum is
measured against the potential of the second (reference) cell.  Since
the potentials of the two internal reference cells remain constant,
changes in potential are due to changes in sodium concentration.

The measured potential corresponding to the level of sodium ion in
solution is described by the Nernst equation:

E=E0 + S log (A)

where:
E = measured electrode potential
Eº = constant potential largely dependent on the reference electrode
A = sodium ion activity or “effective concentration of sodium”
S = electrode slope 
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Most analytical measurements are made to determine not the
sodium activity, but the total concentration of sodium ion 
in solution.

The sodium ion activity is related to sodium concentration by the
activity coefficient, x:

A = xC

Ionic activity coefficients are variable and largely depend on total
ionic strength.  

Ionic strength is defined as:

Ionic strength = 1/2 ∑CjZj
2

where:
Cj = concentration of ion j
Zj = charge of ion j

If background ionic strength is high and constant relative to the
sensed ion concentration, then the activity coefficient is constant
and activity is proportional to concentration.  The electrode can then
be used to measure concentration.

Ionic strength adjustor (ISA) is added to all sodium standards and
samples so that the background ionic strength is high and constant
relative to the variable concentrations of the sodium ion, and activity
effects can be ignored in concentration measurements.  A mixture
of ammonium chloride and ammonium hydroxide is used with the
sodium electrode as the ionic strength adjustor.

The reference electrode must also be considered.  Liquid junction
potentials arise any time two solutions of different composition are
brought into contact.  The potential results from the interdiffusion of
ions in the two solutions.  Since ions diffuse at different rates, ionic
charge will be carried unequally across the solution boundary
resulting in a potential difference between the two solutions.  In
making electrode measurements it is important that this potential be
the same when the reference is in the standardizing solution as well
as in the sample solution; otherwise, the change in liquid junction
potential will appear as an error in the measured electrode potential.

To control this, the composition of the reference electrode filling
solution is carefully chosen to be equitransferent.  That is, the
speed with which the positive and negative ions in the filling
solution diffuse into the sample should be as nearly equal as
possible.  If the rate at which positive and negative charge is carried
into the sample solution is equal, then no junction potential can
result.  The recommended filling solution, 2M NH4Cl, very nearly
meets these requirements.
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ORDERING INFORMATION

Cat. No. Description

8611BNWP ROSS sodium combination electrode with waterproof
BNC connection

8411BN ROSS sodium half-cell electrode with BNC
connection

800300 ROSS reference electrode

800500U ROSS Ultra reference electrode

900010 ROSS sodium electrode and reference electrode
filling solution, 5 x 50 mL bottles

841111 Sodium ISA, 475 mL bottle

841113 Sodium electrode reconditioning solution, 475 mL
bottle

841101 Sodium electrode storage solution, 475 mL bottle

941706 0.1 M NaCl sodium standard solution, 
475 mL bottle

841108 1000 ppm sodium standard solution, 475 mL bottle

941107 100 ppm sodium standard solution, 475 mL bottle

941105 10 ppm sodium standard solution, 475 mL bottle

900012 ROSS sodium electrode and reference electrode
filling solution for low-level measurements, 
5 x 50 mL bottles

841109 Sodium known addition standard, 1000 ppm with
ISA, 475 mL bottle

650700 Sodium known addition standard, 1 M with ISA, 
475 mL bottle
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SPECIFICATIONS
Concentration Range
10-6 M to saturated 
0.02 ppm to saturated

pH Range
6 to 12 pH
Use at recommended pH

Temperature Range
0 to 80 ºC continuous use; 
80 to 100 ºC intermittent use

Electrode Resistance
Less than 300 megohms

Reproducibility
±2%

Isopotential Point
Approximately 114 ppm Na (0.005 M)

Minimum Sample Size
3 mL in a 50 mL beaker

Size
Electrode Length: 120 mm
Diameter: 12 mm
Cap Diameter: 16 mm
Cable Length: 1 meter
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