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GLASS ION SELECTIVE 
ELECTRODES

• Glass ion selective electrodes are formed from specialized very 
thin (~50 µm) glass membranes.

• The hydration of the membrane leads to the deprotonation of 
the silanols resulting in anionic charged groups (-SiO-).

• The binding of cations to the charged sites on either side of 
the membrane produces the potential across the membrane.



PH GLASS ELECTRODE
• The first commercial pH electrode 
was developed by Corning with a 
membrane composed of 22% Na2O, 
6% CaO, 72% SiO2.

• It was effective from pH 0.5 to 9 - at 
more basic pH values sodium could 
outcompete hydrogen for the binding 
sites.

• Changes in the glass (Li2O for Na2O 
and BaO for CaO) yield electrodes 
with greater range (up to pH 12).
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membrane with a composition of 11% Na2O, 18% Al2O3, and 71% SiO2 
is used as an ion-selective electrode for Na+. Other glass ion-selective elec-
trodes have been developed for the analysis of Li+, K+, Rb+, Cs+, NH4

+, Ag+, 
and Tl+. Table 11.1 provides several examples.

Because the typical thickness of an ion-selective electrode’s glass mem-
brane is about 50 µm, they must be handled carefully to avoid cracks or 
breakage. Glass electrodes usually are stored in a solution of a suitable 
storage buffer recommended by the manufacturer, which ensures that the 
membrane’s outer surface is fully hydrated. If your glass electrode does 
dry out, you must recondition it by soaking for several hours in a solution 
containing the analyte. The composition of a glass membrane changes over 
time, affecting the electrode’s performance. The average lifetime for a typi-
cal glass electrode is several years.

to meter
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Ag/AgCl reference 
electrode (internal) Ag/AgCl reference

electrode (sample)

KCl solution

pH-sensitive
glass membrane

Table 11.1 Representative Examples of Glass Membrane 
Ion-Selective Electrodes for Analytes Other than H+

analyte membrane composition selectivity coefficientsa

Na+ 11% Na2O, 18% Al2O3, 71% SiO2

KNa+/H+ = 1000
KNa+/K+ = 0.001
KNa+/Li+ = 0.001

Li+ 15% Li2O, 25% Al2O3, 60% SiO2
KLi+/Na+ = 0.3
KLi+/K+ = 0.001

K+ 27% Na2O, 5% Al2O3, 68% SiO2 KK+/Na+ = 0.05
a  Selectivity coefficients are approximate; values found experimentally may vary substantially from the 

listed values. See Cammann, K. Working With Ion-Selective Electrodes, Springer-Verlag: Berlin, 1977.

Figure 11.16 Schematic diagram showing a combination glass 
electrode for measuring pH. The indicator electrode consists 
of a pH-sensitive glass membrane and an internal Ag/AgCl 
reference electrode in a solution of 0.1 M HCl. The sample’s 
reference electrode is a Ag/AgCl electrode in a solution of KCl 
(which may be saturated with KCl or contain a fixed concen-
tration of KCl). A porous wick serves as a salt bridge between 
the sample and its reference electrode.



OTHER GLASS ELECTRODES

A range of other glass membrane electrodes can be 
made with varied selectivities for common cations.
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SOLID-STATE ISE
• Solid-state ion selective membranes come 
in two varieties - polycrystalline inorganic 
salts or sing crystal inorganic salt.

• For polycrystalline ISEs the membrane (1-2 
mm thick) is composed of a pellet of 
inorganic salt, either a pure salt or a mixture 
(e.g. Ag2S alone or with other sulfides or 
silver salts).

• The potential arises from the dissolution of 
the membrane to various extents on either 
side of the membrane. 
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SOLID-STATE ION-SELECTIVE ELECTRODES

A SOLID-STATE ION-SELECTIVE ELECTRODE uses a membrane consisting of 
either a polycrystalline inorganic salt or a single crystal of an inorganic salt. 
We can fashion a polycrystalline solid-state ion-selective electrode by sealing 
a 1–2 mm thick pellet of Ag2S—or a mixture of Ag2S and a second silver 
salt or another metal sulfide—into the end of a nonconducting plastic cyl-
inder, filling the cylinder with an internal solution containing the analyte, 
and placing a reference electrode into the internal solution. Figure 11.17 
shows a typical design. 

The membrane potential for a Ag2S pellet develops as the result of a 
difference in the extent of the solubility reaction

Ag S Ag S2 ( ) ( ) ( )s aq aqW 2 2+ −+

on the membrane’s two sides, with charge carried across the membrane by 
Ag+ ions. When we use the electrode to monitor the activity of Ag+, the 
cell potential is

E K acell Ag
= + +0 05916. log

The membrane also responds to the activity of S2-, with a cell potential of

E K acell S
= − −

0 05916
2 2

. log

If we combine an insoluble silver salt, such as AgCl, with the Ag2S, then 
the membrane potential also responds to the concentration of Cl–, with a 
cell potential of

E K acell Cl
= − −0 05916. log

By mixing Ag2S with CdS, CuS, or PbS, we can make an ion-selective 
electrode that responds to the activity of Cd2+, Cu2+, or Pb2+. In this case 
the cell potential is

E K acell M
= + +

0 05916
2 2

. log

where aM2+ is the activity of the metal ion.
Table 11.2 provides examples of polycrystalline, Ag2S-based solid-state 

ion-selective electrodes. The selectivity of these ion-selective electrodes is 
determined by the relative solubility of the compounds. A Cl– ISE using 
a Ag2S/AgCl membrane is more selective for Br– (KCl–/Br– = 102) and for 
I– (KCl–/I– = 106) because AgBr and AgI are less soluble than AgCl. If the ac-
tivity of Br– is sufficiently high, AgCl at the membrane/solution interface is 
replaced by AgBr and the electrode’s response to Cl– decreases substantially. 
Most of the polycrystalline ion-selective electrodes listed in Table 11.2 can 

The NaCl in a salt shaker is an example of 
polycrystalline material because it consists 
of many small crystals of sodium chlo-
ride. The NaCl salt plates shown in Figure 
10.32a, on the other hand, are an example 
of a single crystal of sodium chloride.

Figure 11.17 Schematic diagram of a solid-
state electrode. The internal solution con-
tains a solution of analyte of fixed activity.

to meter
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SINGLE CRYSTAL ISE
• Single crystal ISEs also rely on the dissolution of the membrane to 
generate the potential.

• The fluoride ISE uses a LaF3 crystal doped with some EuF2 - the EuF2 
provides some vacancies to improve the diffusion F- ions through the 
membrane.

• The differing extents of dissolution of the LaF3 on either side of the 
membrane (sample vs. internal solution) yield the potential that can 
be measured.

• Fluoride ISE are highly selective, with only hydroxide interfering    
(KF-/OH- = 0.1) necessitating lower pH solutions for accurate analyses.



LIQUID BASED ISE
to meter

Ag/AgCl
reference electrode

membrane saturated with
di-(n-decyl) phosphate

reservoir containing
di-(n-decyl) phosphate

P

O

O

O O

standard
solution of Ca2+ Schematic diagram showing a liq-

e 
-decyl) 
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where Ka is the equilibrium constant. If the activity of HCO3
– in the inter-

nal solution is sufficiently large, then its activity is not affected by the small 
amount of CO2 that passes through the membrane. Substituting equation 
11.13 into equation 11.11 gives

E K acell CO= ′+ 0 05916
2

. log

where K′ is a constant that includes the constant for the pH electrode, the 
equilibrium constant for reaction 11.12 and the activity of HCO3

– in the 
inner solution.

Table 11.4 lists the properties of several gas-sensing electrodes. The 
composition of the inner solution changes with use, and both the inner so-
lution and the membrane must be replaced periodically. Gas-sensing elec-

Table 11.3 Representative Examples of Liquid-Based 
Ion-Selective Electrodes 

analyte membrane composition selectivity coefficientsa

Ca2+ di-(n-decyl) phosphate in PVC

KCa2+/Zn2+ = 1–5
KCa2+/Al3+ = 0.90
KCa2+/Mn2+ = 0.38
KCa2+/Cu2+ = 0.070
KCa2+/Mg2+ = 0.032

K+ valinomycin in PVC

KK+/Rb+ = 1.9
KK+/Cs+ = 0.38
KK+/Li+ = 10–4

KK+/Na+ = 10–5

Li+ ETH 149 in PVC
KLi+/H+ = 1
KLi+/Na+ = 0.05
KLi+/K+ = 0.007

NH4
+ nonactin and monactin in PVC

KNH4+/K+ = 0.12
KNH4+/H+ = 0.016
KNH4+/Li+ = 0.0042
KNH4+/Na+ = 0.002

ClO4
– Fe(o-phen)3

3+ in p-nitrocymene 
with porous membrane

KClO4–/OH– = 1
KClO4–/I– = 0.012
KClO4–/NO3– = 0.0015
KClO4–/Br– = 5.6�10–4

KClO4–/Cl– = 2.2�10–4

NO3
– tetradodecyl ammonium nitrate in 

PVC
KNO3–/Cl– = 0.006
KNO3–/F– = 9�10–4

a  Selectivity coefficients are approximate; values found experimentally may vary substantially from the 
listed values. See Cammann, K. Working With Ion-Selective Electrodes, Springer-Verlag: Berlin, 1977.

These electrodes use very 
hydrophobic compounds to 

selectively allow the transport of 
desired analytes across the 

membrane.



GAS-SENSING ELECTRODES
A number of membrane electrodes respond to the concentration of a dis-

 is shown in Figure 
11.19, consisting of a thin membrane that separates the sample from an 

e membrane is per-
meable to the gaseous analyte, but impermeable to nonvolatile components 

e gaseous analyte passes through the membrane 
-
 

uses across the membrane where it reacts in the inner 

 in the inner solution is monitored with 
. To 

 in the inner solution 
 in the inner solution we rearrange the equilibrium 

to meter

gas permeable
membrane

inner
solution

ISE
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trodes are stored in a solution similar to the internal solution to minimize 
their exposure to atmospheric gases.

POTENTIOMETRIC BIOSENSORS

The approach for developing gas-sensing electrodes can be modified to cre-
ate potentiometric electrodes that respond to a biochemically important 
species. The most common class of potentiometric biosensors are ENZYME 
ELECTRODES, in which we trap or immobilize an enzyme at the surface of 
a potentiometric electrode. The analyte’s reaction with the enzyme pro-
duces a product whose concentration is monitored by the potentiometric 
electrode. Potentiometric biosensors have also been designed around other 
biologically active species, including antibodies, bacterial particles, tissues, 
and hormone receptors.

One example of an enzyme electrode is the urea electrode, which is 
based on the catalytic hydrolysis of urea by urease

CO(NH H O NH CO22 2 4 3
22 2) ( ) ( ) ( ) ( )aq l aq aq+ ++ −W

Figure 11.20 shows one version of the urea electrode, which modifies a gas-
sensing NH3 electrode by adding a dialysis membrane that traps a pH 7.0 
buffered solution of urease between the dialysis membrane and the gas per-
meable membrane.4 When immersed in the sample, urea diffuses through 

4 (a) Papastathopoulos, D. S.; Rechnitz, G. A. Anal. Chim. Acta 1975, 79, 17–26; (b) Riechel, T. 
L. J. Chem. Educ. 1984, 61, 640–642.

Table 11.4 Representative Examples of Gas-Sensing Electrodes 
analyte inner solution reaction in inner solution ion-selective electrode

CO2
10 mM NaHCO3
10 mM NaCl

CO H O HCO H O2 32 32( ) ( ) ( ) ( )aq l aq aq+ +− +W glass pH ISE

HCN 10 mM KAg(CN)2 HCN H O CN H O2 3( ) ( ) ( ) ( )aq l aq aq+ +− +W Ag2S solid-state ISE

HF 1 M H3O+ HF H O F H O2 3( ) ( ) ( ) ( )aq l aq aq+ +− +W F– solid-state ISE

H2S pH 5 citrate buffer H S H O HS H O2 2 3( ) ( ) ( ) ( )aq l aq aq+ +− +W Ag2S solid-state ISE

NH3
10 mM NH4Cl
0.1 M KNO3

NH H O NH OH3 2( ) ( ) ( ) ( )aq l aq aq+ ++ −W 4 glass pH ISE

NO2
20 mM NaNO2
0.1 M KNO3

2NO H O
NO NO H O

2 2

3

( ) ( )

( ) ( ) (

aq l

aq aq aq

+

+ +− − +

3
23 2

W

))
glass pH ISE

SO2
1 mM NaHSO3
pH 5

SO H O HSO H O2 2 3( ) ( ) ( ) ( )aq l aq aq+ +− +2 3W glass pH ISE

 Source: Cammann, K. Working With Ion-Selective Electrodes, Springer-Verlag: Berlin, 1977.

An NH3 electrode, as shown in Table 
11.4, uses a gas-permeable membrane and 
a glass pH electrode. The NH3 diffuses 
across the membrane where it changes the 
pH of the internal solution.

The gas permeable membrane allows the selective 
transport of gases from the sample solution into 

the electrode.  In the electrode the gasses react to 
produce a secondary analyte that can be 

quantified with an ISE.



POTENTIOMETRIC 
BIOSENSORS

to meter

gas permeable
membrane

inner
solution

pH electrode

dialysis
membrane

urease
soluiton

 Schematic diagram showing an enzyme-based po-
tentiometric biosensor for urea. A solution of the enzyme ure-
ase is trapped between a dialysis membrane and a gas permeable 

uses across the dialysis membrane and reacts 
uses across the gas permeable 

e resulting change in the internal solution’s pH is 

Biosensors most commonly utilize immobilized or 
trapped enzymes to act on the desired analyte as 
it diffuses into the electrode.  The products of the 
enzymatic reaction can be monitored by an ISE.
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eas where potentiometry is important are clinical chemistry, environmental 
chemistry, and potentiometric titrations. Before considering representative 
applications, however, we need to examine more closely the relationship 
between cell potential and the analyte’s concentration and methods for 
standardizing potentiometric measurements.

Figure 11.21 Schematic diagram of an enzyme-based poten-
tiometric biosensor for urea in which urease is immobilized in 
a polymer membrane coated onto the pH-sensitive glass mem-
brane of a pH electrode.

Table 11.5 Representative Examples of Potentiometric Biosensorsa 

analyte biologically active phaseb
substance 
determined

5′-adenosinemonophosphate (5′-AMP) AMP-deaminase (E) NH3

L-arginine arginine and urease (E) NH3
asparagine asparaginase (E) NH4

+

L-cysteine Proteus morganii (B) H2S
L-glutamate yellow squash (T) CO2
L-glutamine Sarcina flava (B) NH3
oxalate oxalate decarboxylas (E) CO2
penicillin pencillinase (E) H3O+

L-phenylalanine L-amino acid oxidase/horseradish peroxidase (E) I–

sugars bacteria from dental plaque (B) H3O+

urea urease (E) NH3 or H3O+

 a Source: Complied from Cammann, K. Working With Ion-Selective Electrodes, Springer-Verlag: Berlin, 1977 and Lunte, C. E.; Heineman, W. R. 
“Electrochemical techniques in Bioanalysis,” in Steckham, E. ed. Topics in Current Chemistry, Vol. 143, Springer-Verlag: Berlin, 1988, p.8.

 b Abbreviations: E = enzyme; B = bacterial particle; T = tissue.
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