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Figure 1. This meter shows the calibration informatio
and slope) and respective probe condition for two dif
electrodes. Note both have identical slope percentage
different offset values. The top one is approaching an
unacceptable value and hence a lower probe conditio

Probe condition indicators versus slope % 

How to check the functionality of a pH electrode 
 
There are many different industries that rely upon 
the use of a pH meter to make decisions about a 
process. Calibration is an important function that 
must be done routinely to standardize the electrode 
in face of its ever-changing characteristic. That is 
when the meter is calibrated it is done to 
compensate for the changes that have taken place 
to the electrode since the previous calibration. 
There are many influences including aging, 
temperature, coatings, and chemicals used that will 
affect this characteristic. So the question becomes, 
what is a typical probe characteristic and how do 
you check it? 
 
A pH meter is a very sensitive voltmeter with a pH 
probe, that when placed in a solution, will generate 
a mV potential in response to the hydrogen ion 
concentration [H+]. The theoretical voltage 
generated can be determined by the Nenrst 
equation. At 25 oC, an electrode placed in pH 7.01 
solution will generate 0 mV and there will be a        
+ 59.16 mV change for each pH unit from that point. 
A pH 4.01solution is characterized by a higher 
concentration of H+ will generate a +177.48 mV 
(59.16 x 3) while a pH 10.01 solution, with a lower 
H+ concentration relative to pH 7.0, will generate      
-177.48 mV. Again, this is the theoretical and does 
not represent the real world behavior. In fact, a new 
pH electrode will generate between +/ - 10 mV in pH 
7.01 buffer and have a slope percentage between 
95 and 105%.  
 
A slope percentage is calculated by dividing the 
actual voltage generated by the theoretical and then 
multiplied by 100.  
 
 
 
 

Below are examples of two different electrodes having different characteristics. The voltage generated is determi
using a pH meter that has the mV option. 
 
Example 1: An electrode in pH 7.0 buffer generated – 45 mV while in pH 4.0 it generated +115 mV. The net differ
between the two buffers is + 160 mV which is then divided by +177.48 mV. The result, 0.901, is then multiplied b
a slope percentage of 90.1%.  
 
Example 2: An electrode in pH 7.0 buffer generates + 15 mV. When placed in pH 4.0 buffer it generates + 175 m
difference is 160 mV and as seen from the first example this equates to a 90.1% slope.   
 
The first example shows how a probe can be calibrated but not be operating with an acceptable probe characteri
generally speaking, a slope of 90% is acceptable but the offset of – 45 mV is not. The offset shift could be the res
build up on the glass bulb. This will not only affect the response time but also if the coating then comes off during
the characteristic of the probe will have changed and the calibration will no longer be valid.  The offset voltage for
should fall within +/- 30 mV and have a slope of 85 to 105%.  These represent threshold values with many indust
for a slope better than 90% (+ 53.24 mV/pH unit assuming 25 oC). 
 
The Good Laboratory Practice (GLP) data from two different pH electrodes can be seen in figure 1. Note the diffe
characteristics. Changing the filling solution in the top electrode brought it back within acceptable limits. 

 
 
 
 

Please contact Hanna Instruments at (800) 504 –2662 or by e-mail at laboratory@hannainst.com for more inform
pH electrodes and other water quality testing products.  
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Tips about solutions and probe maintenance 
 
 
The calibration of any pH meter is dependent on the quality of the pH buffer being used. The pH calibration process is done 
to standardize the changes to the glass electrode to a known reference. For instance a pH electrode at 25 oC theoretically 
generates 0 mV in a pH 7.01 buffer and + 177.48 mV in a pH 4.01 buffer. The tolerances for new probes are +/- 10 mV in pH 
7.01 buffer and have a range difference from +168.6 to +186.35 mV (95 – 105% slope) in the voltages generated in pH 7 and 
4 buffer.  The calibration of the pH probe is done to standardize the meter by telling it what voltage, which changes over time, 
is being generated in a solution with a known pH value. 
 
What impacts the voltage that a pH probe will generate in a pH buffer? There are a variety of influences on the voltage 
potential will be from a pH electrode. These include the specific characteristic, at that moment in time, of the electrode and 
the potential for errors during the calibration process.  Below are some influences on the probe potential: 
 

1) Hydration layer of the glass-sensing portion. An electrode that is dry will generate a different voltage in pH 7.01 
buffer than the same electrode that has been allowed to hydrate in a solution for a couple of hours. All glass 
electrodes should be stored “wet” in a solution to maintain the hydrated layer. The ideal is to use an electrode 
storage solution such as the HI 70300L. If you choose not to use a storage solution then pH 4.01 or 7.01 buffer 
should be used. Never store a pH probe in purified (R.O., distilled, or ion exchange) water. It will cause it to 
prematurely fail since the internal reference electrolyte will leach from the probe by diffusion and cause water to 
enter by osmosis.  

 
2) Build up on the glass-sensing portion. An electrode that is clean will generate a different voltage in pH 7.01 buffer 

than the same electrode with a build up on the glass bulb. A “dirty” electrode could be disastrous to a user if a 
precision measurement is needed. Data found figure 1.1 is from an experiment conducted with three new 
electrodes. Two of the probes were coated with a contaminate while the third one was a control with no coating. One 
of the coated probes was then cleaned in a Hanna specific cleaning solution. All three probes were calibrated to pH 
10.01 with the readings logged over three hours. From the results it is seen that the control remained steady over 
the three-hour period.  The probe that was cleaned had a slight drift most likely due to some contaminate that was till 
on the probe. The probe that was coated and not clean had dramatic changes during the experiment. This is due to 
the coating coming off after the calibration process.  The probe generated one particular voltage in the pH buffer 
while it was coated and as the coating comes off it then generates a different voltage in the same buffer and thus 
leading to erroneous results. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3) A physical change to the buffer. The calibration of the pH electrode is only as good as the buffer being used. Let’s 
say that a pH probe generates 0 mV in fresh pH 7.01 buffer. The meter is calibrated daily using a beaker that has 
the pH 7.01 buffer. If after a few days the voltage of the same electrode is recorded and is found to be generating 
+25 mV. It could be possible that the voltage changed due to the electrode being dirty, as discussed above, or it 
could be that the pH 7.01 buffer is no longer pH 7.01. If the probe is still working at the theoretical but generating 
+25 mV due to a contaminated buffer then the error in measurement is going to be about 1/2 pH unit off 
(Theoretically at 25 oC +25 mV would equal pH 6.58). 

 
Many of the meters manufactured by Hanna Instruments have a unique Calibration Check feature. Based on the voltages 
generated by the pH probe during the calibration process, the meter can alert the user of potential problems including 
whether to clean the electrode or check the buffer. A probe condition indicator, based on the offset (mV in pH 7.01) and slope 
characteristics of the electrode, is also displayed after calibration allowing the user to know how well the probe is working. 
 
For more information about the Hanna Instruments Calibration Check feature or on how to test the functionality of a pH probe 
then please contact us at (800) 504 –2662 or by e-mail at laboratory@hannainst.com . 
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