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Direct Indicator Electrodes

The simplest type of direct indicator electrode is a metal, M, in contact with a solution containing
its own cation, M". At the metal-solution interface, a potential develops that is proportional to
the activity of the metal ion in solution. The potential can be measured directly with respect to a
reference electrode using the simple arrangement shown in Figure 1. The voltage measured is
simply the difference between the potential at each electrode:

Ecell = Eindicator - Ereference (1)
Yaoltmeter

Inert metal electrodes like Pt or Au can be used as indicator a0
electrodes for ions involved in redox reactions that occur in
solution but do not include the metallic form of the analyte.
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electrode

Figure 1. Electrochemical cell for a potentiometric
measurement with a metallic indicator electrode.

Let’s discuss how a simple metal electrode can be used to =
measure the activity of its cation. This type of measurement is M* {aq)
based on the fact that when a metal is in contact with a
solution containing its cation, a potential develops. For
example, when a piece of copper is placed in a copper sulfate
solution:

The half-reaction is Cu*'(ag) + 2¢” & Cu(s) )
And the cell notation is Cu(s) / Cu*'(aq) 3)

These types of electrodes develop an electrical potential in response to the equilibrium between
the cation and metal surface, as shown in equation 2. The potential developed is proportional to
analyte activity (A .. ) as determined from the Nernst Equation. For example, for the Cu(s) /

Cu”*(aq) half cell:



http://community.asdlib.org/activelearningmaterials/files/2014/01/Potentiometry_Nernst_Equation.pdf
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With a logarithmic dependence of potential on activity, it is convenient to express the analyte
activity as a p-function (pCu = -log A_ .. ). Substituting this relationship into equation 4 gives

E 0.05916 )
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In dilute solution of fixed ionic strength, we can assume that the analyte activity is approximately
the same as its molar concentration, i.e. A, = [Cu®"] and that pCu is related to [Cu®'].

Let’s work on an example problem that shows the relationship between potential and analyte
concentration.

Example Problem: What’s the relationship between concentration and cell potential?

Let’s put a metal electrode in solution with its mono-valent cation:
M*(aq) + & = M(s) Eing = E%nd - 0.05916 log(1/[M™])

We can use a saturated calomel electrode (SCE) as a reference electrode:

Y2 H,Cly(s) + e = Hg(l) + Cl'(aq) Erer=0.241V

The cell potential (or voltage you measure) is related to M" concentration as defined by the
Nernst Equation:

E

cell

= Eyy — E = E, —0.05916log[;+j—0.24lv
[M"]

Which reduces to:
Eel = {Ei?]d —0.241V}+0.05916 log[M*] = {Ei?1d —0.241V}-0.05916 pM

What voltage change (in mV) would you expect for a 10X increase in cation concentration?
What about a 100X increase?

Make your prediction and continue onto the next page to see if you are correct . . .
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Problem Exercise

Open up the following spreadsheet and follow the instructions below to see if your predictions
are correct. Also try to answer the questions. Click here to open up the spreadsheet.

1. Make sure that the sheet for the monovalent tab is showing.

2. Enter a value for E;,q in the pink box. For example, E° = +0.799 V for the Ag"/Ag
system and E° = +0.337 V for the Cu*"/Cu system.

3. Enter a range of concentration values for the cation in the yellow boxes. Use the range
from 5.00 x 10 to 1.00 x 10°M.

4. Inspect the graph that is generated from your values and answer the following questions.

5. What is the voltage change for in 10X increase in cation activity? Was your prediction
correct?

6. What is the voltage change for in 100X increase in cation activity? Was your prediction
correct?

7. What do you predict is the slope of the line in the plot?

8. Create a trendline by right-clicking on the data points and choosing “Add trendline” in
the menu. Under the Type tab, make sure that “linear” is highlighted. Under the Options
tab, click on the box next to “Display equation on chart”. Click OK. Was your prediction
correct for the slope of the line?

9. Repeat steps 2-8 for creating a plot in the “divalent” tab.

Summary

When making a potentiometric measurement, we do not want the measurement itself to alter
potential. Therefore the following conditions must be met:

1. Little to no current is passed through the cell.
2. There is no net reaction.
3. An equilibrium (static) measurement is made.

Direct indicator electrodes can experience interference from more easily reduced cations, thus
decreasing their selectivity. Some metals used as the indicator electrode can be oxidized.
Therefore, they are not as widely used as the next type of indicator electrodes — membrane
electrodes, also referred to as ion-selective electrodes (ISE’s).
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