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MEMBRANE ELECTRODES
• Membrane electrodes were first discovered in 1901, by Fritz 
Haber.

• He found that placing a glass membrane between two 
solutions of different pH changed the potential of the 
membrane.

• This membrane potential led to the proliferation of 
potentiometric methods beyond the metallic indicator 
electrodes - resulting in modern ion-selective electrodes.



SELECTIVE MEMBRANES

• The goal for selective membranes is to limit the analytes that 
can pass through/interact with the membrane.

• This allows for a very complex sample to be measured more 
effectively - reducing potential for errors in measurement due 
to complex matrices.

• Extensive research effort is placed in developing new 
membranes with greater/different selectivities



MEMBRANE POTENTIAL
• A membrane potential is developed in 
ion-selective electrodes (ISE) due to the 
differences in the activity of the analyte 
on either side of the membrane.

• The system consists of two reference 
electrodes which have constant 
potentials, as does the junction potential.

• Changes in the cell potential are due 
solely to the membrane potential.
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Haber discovered that there is a change in potential across a glass membrane 
when its two sides are in solutions of different acidity. The existence of this 
MEMBRANE POTENTIAL led to the development of a whole new class of in-
dicator electrodes called ION-SELECTIVE ELECTRODES (ISEs). In addition to 
the glass pH electrode, ion-selective electrodes are available for a wide range 
of ions. It also is possible to construct a membrane electrode for a neutral 
analyte by using a chemical reaction to generate an ion that can be moni-
tored with an ion-selective electrode. The development of new membrane 
electrodes continues to be an active area of research.

MEMBRANE POTENTIALS

Figure 11.14 shows a typical potentiometric electrochemical cell equipped 
with an ion-selective electrode. The short hand notation for this cell is  

reference(sample) A Asamp A|| [ ] | [ ]( , ) (intaq a x= aaq a y, ) ||A reference(internal)=

where the ion-selective membrane is shown by the vertical slash separating 
the two solutions containing analyte—the sample solution and the ion-
selective electrode’s internal solution. The electrochemical cell includes two 
reference electrodes: one immersed in the ion-selective electrode’s internal 
solution and one in the sample. The cell potential, therefore, is

E E E E Ecell ref(int) ref(samp) mem j= − + + 11.7

where Emem is the potential across the membrane. Because the junction 
potential and the potential of the two reference electrodes are constant, any 
change in Ecell is a result of a change in the membrane’s potential.

The analyte’s interaction with the membrane generates a membrane 
potential if there is a difference in its activity on the membrane’s two sides. 
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Figure 11.14 Schematic diagram showing a typical potentio-
metric cell with an ion-selective electrode. The ion-selective 
electrode’s membrane separates the sample, which contains 
the analyte at an activity of (aA)samp, from an internal solu-
tion containing the analyte with an activity of (aA)int.
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MEMBRANE POTENTIAL
• Current is carried through the membrane 
either by the analyte ion or a specialized 
ion already present in the membrane.

• As the membrane potential is proportional 
to the activity difference of the analytes on 
either side the cell potential can be 
expressed as a function of this ratio.

• Since the concentration of the analyte 
within the ISE is constant the equation can 
be further simplified to be proportional to 
the the activity of the analyte in the sample.

Ecell = Eref int( ) −Eref samp( ) +Ej +Emem

Emem = Easym −
RT
zF
ln

A[ ]int
A[ ]samp

Constants: Eref int( ),Eref samp( ),Ej,Easym,R,T,F, A[ ]int

Ecell = K +
0.05916

z
log A[ ]samp

z :  charge of analyte (includes magnitude and sign)



MEMBRANE SELECTIVITY
• The desire with ISE membranes if for perfect selectivity - a 
membrane that responds only to a single analyte.

• The reality is that, due to the fact that they rely on chemical 
interactions, selective membranes can interact with chemicals 
similar to their desired analytes.

• Consequently, the presence of other components in the 
solution that are similar to the analyte, the measured potential 
may not accurately reflect the concentration of the analyte.



SELECTIVITY COEFFICIENT
• The effect of the membrane 
responding to interferents is additive 
- it increases the potential above that 
from the analyte.

• The magnitude of the response of a 
selective membrane to an interferent 
can be quantified in terms of the 
selectivity coefficient (KA,I).

• The interference is also related to 
the ratio of the charges of the 
analyte (zA) and interferent (zI).

If KA,I = 1 there is no selectivity 
between the analyte (A) and 

interferent (I), membranes with 
good selectivities have values of 

KA,I well below 1.

Ecell = K +
0.05916
zA

log A[ ]samp +KA,I I[ ]
zA
zI

!
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KA,I =
A[ ]samp
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SELECTIVITY COEFFICIENT
• KA,I is defined as the ratio of the 
concentrations of A and I that 
will yield the same potential with 
the membrane.

• The KA,I can be determined 
through analysis of the cell 
potential.

• The selectivity coefficients for 
most commercially available ion-
selective electrodes are provided 
by the manufacturers.
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Selectivity coefficients for most commercially available ion-selective 
electrodes are provided by the manufacturer. If the selectivity coefficient is 
not known, it is easy to determine its value experimentally by preparing a 
series of solutions, each containing the same activity of interferent, (aI)add, 
but a different activity of analyte. As shown in Figure 11.15, a plot of cell 
potential versus the log of the analyte’s activity has two distinct linear re-
gions. When the analyte’s activity is significantly larger than KA,I �(aI)add, 
the potential is a linear function of log(aA), as given by equation 11.9. If 
KA,I �(aI)add is significantly larger than the analyte’s activity, however, the 
cell potential remains constant. The activity of analyte and interferent at the 
intersection of these two linear regions is used to calculate KA,I.

Example 11.5
Sokalski and co-workers described a method for preparing ion-selective 
electrodes with significantly improved selectivities.3 For example, a con-
ventional Pb2+ ISE has a logKPb2+/Mg2+ of –3.6. If the potential for a 
solution in which the activity of Pb2+ is 4.1�10–12 is identical to that for 
a solution in which the activity of Mg2+ is 0.01025, what is the value of 
logKPb2+/Mg2+? 

SOLUTION

Making appropriate substitutions into equation 11.10, we find that

K
a

a z zPb Mg
A e

I e
A I

2 2
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4 0 10 10

)2 /2+ +
−= ×.

The value of logKPb2+/Mg2+, therefore, is –9.40.

3 Sokalski, T.; Ceresa, A.; Zwicki, T.; Pretsch, E. J. Am. Chem. Soc. 1997, 119, 11347–11348.
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(a A)
>>K A,I
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log(aA)

(aA)<<KA,I (aI)add

KA,I = 
(aA)e (aA)inter

zA/zI(aI)add(aI)e
zA/zI

=

(aA)inter

Practice Exercise 11.5
A ion-selective electrode for NO2

– 
has logKA,I values of –3.1 for F–, –4.1 
for SO4

2–, –1.2 for I–, and –3.3 for 
NO3

–. Which ion is the most seri-
ous interferent and for what activ-
ity of this interferent is the potential 
equivalent to a solution in which the 
activity of NO2

– is 2.75�10–4?
Click here to review your answer to 
this exercise.

Figure 11.15 Diagram showing the experimen-
tal determination of an ion-selective electrode’s 
selectivity for an analyte. The activity of analyte 
corresponding to the intersection of the two lin-
ear portions of the curve, (aA)inter, produces a cell 
potential identical to that of the interferent. The 
equation for the selectivity coefficient, KA,I, is 
shown in red.

The intersection of the two linear lines 
is the concentration of A that yields a 
potential equal to that of I at it’s given 

concentration.


