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From the Classic pH Electrode to the Internet  

The most important measurand for any water-bearing system is the pH value. 
Whether the medium is acidic (pH < 7), alkaline (pH > 7), or neutral (pH = 7) 
can be established with a simple litmus paper test. The visible color change 
and the comparison with a color scale provide an approximate pH reading of 
the liquid. This provides initial help and is a simple as well as inexpensive 
method. However, this method by no means constitutes measurement.  

The 1950s gave way to a "new" laboratory sensor type. This was the so-called 
pH combination electrode or simply pH electrode. It is an electrochemical 
sensor that enables continuous pH value measurement in plants and devices 
based on potentiometry. The system consists of a special pH-sensitive glass 
membrane filled with a pH-neutral liquid, the inner electrolyte, and an 
integrated reference electrode built into the shaft. The reference electrode 
forms the opposite pole within the potentiometric measuring circuit and should 
be essentially unaffected by pH and temperature. 

Due to the pH value’s temperature dependency, temperature sensors (e.g. 
Pt100, Pt1000) were later added to the pH electrodes. This was intended to 
enable easier handling. Some manufacturers claimed increased accuracy for 
pH measurement due to the integrated temperature probe in the pH electrode 
shaft. This claim, however, was not achieved. The notion proved to be a 
baseless marketing strategy. 

 

[Fig. 1: pH measuring circuit setup. pH glass electrode on the left, 
reference electrode on the right. This setup is called a pH combination 
electrode.] 



 

 

When looking at the technical development of the classic pH electrode, one 
notices that nothing has changed in the measuring principle and the setup of 
the sensor. The primary measurement technology parts of the probes have 
stayed the same. They consist of
insertion tip, or flat diaphragm), reference electrode with silver / silver chloride 
conduction system, and liquid or gel (polymerized) potassium chloride (saline 
solution) as a bridging electrolyte. 

The secondary parts of the probes, such as the electrical connection or the 
mechanical outer design type, have not seen any significant changes either. 
The American and Asian market is dominated by equally functional pH 
electrodes housed in large casings. In Europe, the narr
standard. The shaft diameter measures 12
typically in the 120, 160, or 225
measuring and typical online measuring practice. The design type is also 
described in EN standard 19260 and is the established reference method in 
pH measurement. 

 

[Fig. 2: JUMO standard electrodes]

The weak point of electrochemical probes, especially pH electrodes, is their 
symbiotic type of measurement. Unlike a temperature probe, which
protected by the thermowell when measuring aggressive liquids, the internals 
of the pH electrode are exposed completely when the electrode is immersed in 
the process liquid. The reference electrode does have a "window" to the 
outside world through the diaphragm. This opening allows ions to get to and 
from the silver / silver chloride conducting electrode. Unfortunately, this allows 
an entry point for potentially aggressive ions. This process is called electrode 
poisoning. The conduction system with silv

When looking at the technical development of the classic pH electrode, one 
notices that nothing has changed in the measuring principle and the setup of 
the sensor. The primary measurement technology parts of the probes have 
stayed the same. They consist of a glass membrane (as sphere, cone, 
insertion tip, or flat diaphragm), reference electrode with silver / silver chloride 
conduction system, and liquid or gel (polymerized) potassium chloride (saline 
solution) as a bridging electrolyte.  

of the probes, such as the electrical connection or the 
mechanical outer design type, have not seen any significant changes either. 
The American and Asian market is dominated by equally functional pH 
electrodes housed in large casings. In Europe, the narrower design type is 
standard. The shaft diameter measures 12 mm and the insertion length is 
typically in the 120, 160, or 225 mm range. This is standard in operational 
measuring and typical online measuring practice. The design type is also 

standard 19260 and is the established reference method in 

   

[Fig. 2: JUMO standard electrodes] 

The weak point of electrochemical probes, especially pH electrodes, is their 
symbiotic type of measurement. Unlike a temperature probe, which is 
protected by the thermowell when measuring aggressive liquids, the internals 
of the pH electrode are exposed completely when the electrode is immersed in 
the process liquid. The reference electrode does have a "window" to the 

diaphragm. This opening allows ions to get to and 
from the silver / silver chloride conducting electrode. Unfortunately, this allows 
an entry point for potentially aggressive ions. This process is called electrode 
poisoning. The conduction system with silver literally attracts sulfurous agents. 

2 

 

When looking at the technical development of the classic pH electrode, one 
notices that nothing has changed in the measuring principle and the setup of 
the sensor. The primary measurement technology parts of the probes have 

insertion tip, or flat diaphragm), reference electrode with silver / silver chloride 
conduction system, and liquid or gel (polymerized) potassium chloride (saline 

of the probes, such as the electrical connection or the 
mechanical outer design type, have not seen any significant changes either. 

ower design type is 
mm and the insertion length is 

mm range. This is standard in operational 

standard 19260 and is the established reference method in 

The weak point of electrochemical probes, especially pH electrodes, is their 

protected by the thermowell when measuring aggressive liquids, the internals 
of the pH electrode are exposed completely when the electrode is immersed in 

diaphragm. This opening allows ions to get to and 
from the silver / silver chloride conducting electrode. Unfortunately, this allows 
an entry point for potentially aggressive ions. This process is called electrode 

er literally attracts sulfurous agents. 



 

3 
 

 

This process leads to chemical precipitation which damages or destroys the 
reference electrodes. As a result, chemical precipitation is a very common 
cause of failure. 

The electrode manufacturers are going to great length in an attempt to prevent 
such problems in the future. The drinking water process uses pH electrodes 
with little ceramic frit diaphragms. In wastewater systems, these diaphragms 
have been replaced with an extensive PTFE diaphragm (Teflon ®). The result 
is that the dirt and grease repelling properties of this plastic come into play.  In 
today’s kitchens, these properties are well-known from Teflon-coated pans. 
These PTFE diaphragms do have a drawback, however. They make 
measurements sluggish (high diaphragm resistance) and exhibit the so-called 
memory effect. During rapid pH changes, the sensor requires more time to let 
out the foreign ions again from the contact area due to the extended diffusion 
path. 

 

  

 

[Fig. 3: Ceramic diaphragm (left) and Teflon diaphragm (right)] 

 

The disadvantage of the diaphragms is that they act as ohmic resistors in the 
potentiometric measuring circuit and therefore cause unwanted parasitic 
voltage drops during measurements. The contamination of the diaphragm 
during its use increases with time, causing variable measurement errors.  

Some electrode types therefore completely forgo the diaphragm. These 
electrode types are called perforated or annular-gap diaphragms. This is 
misleading, since there is no actual diaphragm present, just a hole in the 
reference electrode. In contrast, an open annular gap between the glass 
electrode and reference electrode allows an open ion exchange between the 
measuring electrode and medium. Parasitic ohmic resistance is no longer a 
problem now. However, it is an invitation for electrode poisons to penetrate the 
reference electrode freely. To prevent such penetration and subsequent 
damage, special solid electrolytes are used. Due to their composition and 
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consistency, these electrolytes allow saline ion transport, while resisting 
contamination through electrode poisoning. 

No one claims to have found the philosopher’s stone yet. Approximately 80 % 
of all pH electrodes "die" at some point due to "salting out" (so called normal 
principle-dependent wearing) or poisoning, blocking, and damaging of the 
reference electrode. Another 15 % fail due to mechanical damage through 
abrasive mediums (glass membrane) or damage due to false/inadequate 
maintenance of the measuring electrode (cleaning).  

For that reason, the pH electrode manufacturers offer a wide variety of 
electrodes. Depending on the medium (drinking water, lightly to heavily 
contaminated wastewater, process water, ultra-pure water), the manufacturer 
provides the optimal sensor type to match. When inquiring about pH 
electrodes, the user should know what kind of medium will be measured. For 
an adequate recommendation, the manufacturer will need information about 
the water quality (clear, dirty, oily, etc.), the presence of heavy metals or other 
electrode poisons, temperature, and pressure details at the installation site. 

By combining the best parts from all of the pH electrode variants, it is possible 
to manufacture very robust electrodes today. The new JUMO tecLine HD, for 
example, represents a sensor that is ideal for so-called "heavy duty" (HD) 
applications. A robust spherical glass membrane made from HT glass permits 
use in highly acidic, alkaline, and even hot media. A new, improved PTFE ring 
diaphragm allows pollutants, grease, and oil to drip off. At the same time, the 
improved porosity is responsible for the sensor's faster response and a low 
diaphragm resistance. There is practically no more memory effect. 

 

 [Fig. 4: The new JUMO tecLine HD electrode] 
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A dual-chamber system protects the silver / silver chloride conducting 
electrode against poisons. The dual-chamber electrodes have two passages 
for the ions. This does lengthen the diffusion path somewhat, but this 
occurrence is only disadvantageous to the unwanted electrode poisons. A 
solid reference electrolyte also slows further penetration by unwanted ions. A 
large salt reserve (compressed potassium chloride rings – KCl) ensures an 
adequate reserve for measurements. The pH electrodes are consumable 
items. That means that the life of the electrode comes to an end due to loss of 
salt from the reference electrode even in the absence of poisons or other 
external damage. A larger reserve thereby ensures a longer operating life. 

In the optimized JUMO tecLine HD electrode type, the new internal 
construction further assures high stability for exposure to pressure and 
temperature. As a general rule, electrochemical sensors should always be 
installed at locations in a system where extreme conditions do not occur. 
Optimal conditions would be low, constant, unchanging pressures < 6 bar and 
constant temperatures < 50 °C. Even when a sensor is approved for higher 
temperatures and pressures according to the manufacturer's data sheet, the 
service life of the sensor always suffers on exposure to extreme values. 

In the new JUMO tecLine HD sensor, adequate reserve values have been 
given due attention. Pressures up to 13 bar at temperatures up to 135 °C are 
the limit values here. Appropriately designed internal pressure compensation 
and the new formulation of the solid electrolyte permit correspondingly high 
process values. These sensor variants are also available with an integrated 
Pt1000 temperature probe as well as in a redox version.  

Due to the nature of the principle, potentiometric measuring involves a high-
impedance situation. Measuring an electromotive force (voltage) through a 
glass membrane results in internal resistances of several gigaohms in the 
sensor. Modern pH membrane glasses have values between < 50 MOhm 
(drinking water range) in new electrodes and < 300 MOhm in the case of more 
robust glasses for higher operating temperatures as sometimes encountered 
for highly alkaline applications. These electrode "characteristics" are not static, 
however, but change during the operating life of the electrode. Usually, the 
resistance of the membrane glass increases due to ageing, the effects of 
temperature, and chemical attacks. 

These high internal resistances require a certain amount of care when it 
comes to the overall construction of a measuring point. However, moisture 
problems involving the electrical plug connectors, which were still common 
only a few years ago, are hardly ever an issue now. Today, the electrical 
electrode connections have a protection type of at least IP67. With a bit of 
care and correct installation, failure resulting from wet plugs is practically 
unheard of anymore.  
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The signal processing unit connected to the sensor is generally called a pH 
transmitter. This unit first converts the original analog signal of the pH 
electrode (high-impedance voltage signal of approx. +/-600 mV) to the pH 
scale using a measured or manually specified medium temperature. According 
to the Nernst equation, the electrode generates about 59 mV/pH (at 25 °C). 
The so-called isothermal intersection point lies at a pH of 7 – the voltage line 
passes through zero. As a result, the closer a pH measurement is to pH 7, the 
less meaningful temperature compensation becomes. For this reason, 
ordering an integrated temperature sensor is not always recommended. As a 
consumable item, the electrode is discarded at the end of its life (usually after 
6 to 24 months, depending on the application) – including the integrated 
temperature sensor. 

Even less practical is the permanent connection of a transmitter to the pH 
sensor, which is a consumable item. The entire electronic unit then regularly 
ends up "in the trash". Many purchasers of state-of-the-art lamps with 
permanently installed LED light sources are finding themselves in a similar 
situation. As soon as the LED light source no longer functions, the entire lamp 
must be discarded. This does not make sense ecologically or economically. 

Most of the time, integrating the electronics into the pH sensor is intended to 
tie the customer to the manufacturer's own system. The connecting cable and 
signal processing unit, together with special software to extract the data from 
the – usually digital – transmitter, quickly make the benefits of such a solution 
an expensive proposition. When one considers that the output signal of the 
electrode is not the problem, but rather the electrochemical measuring 
principle, the sales strategy behind such a solution becomes clear: when a 
replacement is needed, the customer must once again purchase an expensive 
sensor with the integrated transmitter. 

If indeed the pH sensor and transmitter have a long distance between them 
then simple aids such as the type 202995 JUMO impedance converter are 
available.  

 

[Fig. 5: Type 202995 JUMO impedance converter] 
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It is screwed to a conventional pH electrode (IP68) and stabilizes its high-
impedance pH signal by lowering the impedance to a few kiloohms. Even 
when working with moist, aging cables that are in poor condition, a stable 
transmission of the measured values is possible even for distances greater 
than 25 meters. The lithium battery integrated into the impedance converter 
provides a typical operating life of approx. 5 years. When necessary, the 
battery can be replaced by the manufacturer. 

The additional benefit: the impedance converter fits on any standard pH probe 
with a S7/8 terminal head from a variety of manufacturers and operates with 
every commonly found pH transmitter that has a standard input. This 
eliminates the dependency on a particular manufacturer. The impedance 
converter can also be retrofitted by simply screwing it on between the 
electrode and connecting cable.  

In addition to converting the pH electrode's signal into a standard signal, pH 
transmitters frequently also need to monitor proper functioning of the electrode 
by measuring the internal resistance, maintaining a calibration logbook, 
generating alarms in the event of limit violations, and even providing PID 
control of the metering process when adding acids and lyes to establish the 
desired pH values. However, modern pH transmitters are also capable of even 
more.  

 

[Fig. 6: The multichannel JUMO AQUIS touch S + P] 
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The JUMO AQUIS touch S and P units are multichannel transmitters, PID 
controllers, displays, and recorders in a single device. In industrial wastewater 
facilities, continuous documentation of the quality values in the form of pH, 
temperature, turbidity, and electrolytic conductivity is frequently required 
(Wastewater Discharge Regulation). Recording of the measurement data to 
verify the correct water values for the responsible agency has for a long time 
been handled by paper recorders. However, these are increasingly 
disappearing from the market. Paperless recorders have long become the 
preferred method. The combination of measurand detection and recording 
was only a small step. This recording function has been integrated into both 
the JUMO AQUIS touch S (wall-mounted device) and the AQUIS touch P 
(panel-mounted device – 96 x 96 mm). Up to 8 analog and 8 binary traces are 
available. It is also possible to extract the data with the aid of a USB flash 
drive or over the Ethernet via remote transmission. Furthermore, checking all 
measurement data remotely via the Internet is possible using a web server. 
This "genuine" recording function should not be confused with simple logger 
functions where the data can be extracted to an SD card in an unprotected 
manner. Those data recordings are not tamper-proof. The coded data protocol 
used by JUMO is TÜV-tested and therefore secure. Acceptance by the 
monitoring agency is thereby assured. 

 

Summary 
Not much has changed in the pH electrode. Integration of transmitter 
electronics into a disposable component such as a pH probe is a questionable 
approach – the ecological and economic issues associated with this idea have 
been identified. Ultimately, the customer has to pay the bill.  

Modern transmitters that integrate PID controllers and/or a recording function 
with a tamper-proof data recording format create new opportunities for 
economical design of water, wastewater, and process systems. 
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