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Electrical Membrane Glass Resistance During pH 
Measurement 
 
 
We tend to think of glass as an insulator, unable to conduct electrical current. 
Fortunately, this generalization is not true for all types of glass. A measuring 
principle used millions of times in laboratories and in the industry would 
otherwise not be possible in its practiced form. We are referring to the 
measurement of pH values using a glass electrode. Indeed, pH values are 
probably the most frequently recorded measurand in the field of analytical 
measurement. On account of their electrical conductivity (some hundred M�), 
the membrane glasses used for pH measurement lie between the conductivity 
of insulators (quartz glass with 10-18 S/cm for instance) and metallic 
conductors (for example copper with 106 s/cm). 

This specialist article considers the sensitive core element in a pH glass 
electrode – the glass membrane. It describes in qualitative terms where the 
"conductivity" of the glass comes from, which parameters affect the 
conductivity, and what this means for pH measurement in practice.  

There are various terms for the internal resistance of a glass electrode. They 
describe the same characteristic of the pH measuring chain. Terms often used 
include membrane (glass) resistance (bibliography 1) or nominal resistance 
(bibliography 2). What is meant is the electrical resistance of a glass 
electrode. The total resistance of a combination electrode comprised of glass 
and reference electrode parts is determined mainly by the glass (pH) electrode 
part. The resistance of the reference electrode part, a mere several k� 
compared to the membrane glass resistance in the tens or hundreds of M�, is 
insignificant. 

Figure 1 describes how to measure the membrane resistance: for the 
measurement, you use the direct voltage supplied by a pH combination 
electrode comprising pH and reference electrode parts in a buffer solution. 
You can use a buffer solution according to DIN 19267 (pH value 3.06 at 25 °C) 
for instance. A pH meter operated in voltage mode is used for the 
measurement. Let the voltage measured directly be U1. Using a parallel 

resistance with RP = 100, or 1000 M�, you get a 
smaller voltage, U2.  

 
 
 
The membrane glass resistance, RM (25 °C), is 
given by the following equation: 
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Figure 1: Measuring the membrane glass resistance 
 pH 
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 For instance, buffer with pH 3.06 at 25 °C 

according to DIN 19267 
 
 
Membrane glasses are complex mixtures of various (metal) oxides that 
perform various functions in the structure of a glass network. The main 
component of the membrane glass is silicon dioxide as a network binder. 
There are also other oxides of other trivalent and tetravalent transition metals 
as additional network binders. Moreover, there are oxides of alkali and alkaline 
earth metals. In direct contact with aqueous solutions, what is known as a 
"leached layer" forms on the surface of the membrane glass. In this layer, 
metal ions from the alkali metal oxides of lithium and sodium are replaced by 
hydrogen ions from the neighboring aqueous solution. This process is also 
known as the "forming" of the glass membrane. The ion exchange between 
the glass membrane and the solution is the basis for the potential-forming 
process which, in turn, is the basis for pH measurement using the glass 
electrode. To a small extent, the ion exchange even continues inside the 
membrane glass. However, the described charge transport mechanism is not 
sufficient to bring about the continuous conductivity through the glass 
membrane that is needed. In the core glass of the glass membrane, the 
charge transport is ensured by the displacement of alkali metal ions. 

All manufacturers of glass electrodes have a range of membrane glass 
formulas that are optimized for special applications or operating conditions. 
For measurements at low temperatures, for instance, you generally need low-
ohm membrane glasses. If you want to measure at high pH values or high 
temperatures, then you need membrane glasses with a high alkali and 
temperature resistance. These membrane glasses often have a higher 
membrane glass resistance.  

The membrane glass resistance of a particular glass electrode is not a static 
variable, though; it changes over time depending on the operating and storage 
conditions. Indeed, even the resistance of a "brand new" glass electrode that 
is never used and stored in optimum conditions also varies. As the membrane 
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glass ages, the membrane glass resistance gradually increases further. For 
users this means that they should only store as many pH glass electrodes as 
is absolutely necessary. For the storage the first-in, first-out principle should 
be applied consistently. As the aging process is faster at higher temperatures, 
one must also pay attention to the storage conditions (must be cool and dry).  

At JUMO, our own glass electrodes are subjected to service life tests in the 
most realistic conditions, including in direct comparison with competitor 
electrodes. To ensure that these tests do not take too long, they are carried 
out at a higher temperature. The higher temperature not only accelerates the 
aging of the pH electrode part, but also leads to a faster leaching of the 
reference electrode part.  

 

 
Figure 2: Long-term test rig for glass electrodes 
 
 
As part of the service life test for pH electrodes, JUMO has also tested the 
change in the membrane glass resistance over time. 21 pH combination 
electrodes were tested, including electrodes from JUMO and competitors. The 
test took place at a higher temperature (50 °C) over a certain time period. To 
obtain more information than simply the recorded measured values, the 
electrodes were temporarily dismantled and measured in corresponding buffer 
solutions in the laboratory. That way, other electrode parameters could be 
measured. 
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Table 1 
 

 Days 

 JUMO UW 

 JUMO U1 

 JUMO HT 
 JUMO K-Shaft 
 JUMO 1 
 JUMO U2 
 S[%] 
 U(0) [mV] 
 R(M) 
 BE/ext.BE 
 
 
In table 1 you can see that glass electrodes have a very wide range of internal 
resistances. Various parameters affect the resistance of the glass membrane. 
The used membrane glass surely has the greatest effect. The thickness of the 
glass membrane and its surface also have a large effect on the resistance. It 
is possible to influence these parameters during the manufacture of the 
electrodes using glass blowing. Spheres, cones, or domes may be used for 
the shape of the membrane glass (e.g. see Figure 3).  
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Figure 3: Membrane shapes 

 

The membrane glass resistance of all electrodes increases evenly over time 
as a result of aging. In a group of glass electrodes, the internal resistances 
usually run in parallel with increasing age if the electrodes are exposed to 
roughly the same environmental conditions (temperature, medium, etc.).  

The internal resistance is adapted to what the pH electrode will later be used 
for: a pH electrode for use at high temperatures may, for instance, have an 
initial internal resistance of around 800 M�. Electrodes for pH measurement at 
low temperatures often have membrane glass resistances of less than 100 
M�.  

The membrane glass resistance of a pH electrode depends on the 
temperature. For comparison purposes, the internal resistance is measured at 
25 °C. A rule of thumb says that if the temperature decreases by 10 °C, the 
resistance of the membrane glass roughly doubles. This means that if, at 
25 °C, the electrode has an internal resistance of 800 M�, at 15 °C the 
internal resistance is already some 1600 M�. With a setup of this kind, some 
pH transmitters on the market would already be unable to cope given their low 
input resistance. For plant project planners, it is therefore important to know 
the exact conditions in which a pH electrode is to be used. This way, the 
project planner can select the correct electrode. There are certain conditions 
at which pH meters and pH transmitters reach their measurement technology 
limits. If a pH measuring device with a relatively low input resistance is to be 
used for measurements at lower temperatures or measurements with very 
high-ohm glass electrodes then the measurement result may be distorted by 
what are known as voltage divider effects. With some transmitters, costs are 
saved at the wrong point when the hardware is designed. This has the effect 
that, in normal circumstances, the measurement is reliable, but when the 



 

6 
 

 

conditions are less favorable the measurements may be incorrect. With their 
high input resistance, the devices from JUMO have such a large reserve that 
their measurements are error-free even in difficult conditions. 

 

In summary, we can conclude that the internal resistance of the pH electrodes 
is not a static variable, but changes over time. One must pay attention to the 
conditions under which the sensors are stored. Good electrode manufacturers 
offer electrodes with special key characteristics for special applications. 

 

 
 
 
 
Author: 
Dr. Jürgen Schleicher 
Sensor Technology Development 
JUMO GmbH & CO. KG, Fulda, Germany 
Email: juergen.schleicher@jumo.net 
 
 
 
Bibliography: 
 
 
(1) H. Galster, pH-Messung, VCH, Weinheim (1990)   
(2) DIN 19263, 2007 – 05, pH-Messung – pH-Messketten 
 
 


