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A pH electrode does not directly generate a pH number. It produces an 
electrical potential measured in millivolts (mV), and the meter converts that 
signal into a pH value.
At 25 °C, an ideal pH electrode produces approximately:
 • 0 mV at pH 7 
 • +177.48 mV at pH 4 
 • −177.48 mV at pH 10 
This corresponds to a theoretical response of approximately 59.16 mV for 
each pH unit.
Real electrodes rarely behave exactly like the theoretical ideal. Manufacturing 
tolerances, electrode age, hydration, contamination and maintenance can all 
affect the response. 
Now that we know what the electrode is actually measuring, we can use its 
mV response to assess its condition. The check is simple and requires only 
two fresh calibration buffers and a pH meter with mV mode. Start with the 
electrode offset, then use a second buffer to evaluate the slope.
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Place the clean electrode into fresh pH 7.00/7.01 
buffer, select mV mode and allow the reading to 
stabilize.
The mV reading at pH 7 is the electrode's offset.
Ideally, this value would be 0 mV, but some 
deviation is normal. Milwaukee's general guideline is 
that the offset should remain within approximately:
−30 mV to +30 mV
An offset outside this range can indicate a problem 
with the electrode, including contamination, aging 
or problems with the reference system. 
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Next, rinse the electrode and place it into a second fresh buffer – typically pH 
4.00/4.01 for acidic applications or pH 10.00/10.01 for alkaline applications.
At 25 °C, the theoretical slope is: 59.16 mV per pH unit
Between pH 7 and pH 4 there are three pH units, so an ideal electrode would 
generate approximately: 59.16 × 3 = 177.48 mV of potential difference between 
the two buffers.
The slope percentage can therefore be calculated as:
Slope (%) = measured mV difference ÷ 177.48 × 100
or more generally:
Slope (%) = (∆mV ÷ ∆pH) ÷ 59.16 × 100
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Example 1
pH 7.0 = −15 mV
pH 4.0 = +160 mV
The electrode offset is −15 mV, which is within the expected 
range.
The potential difference is:
160 − (−15) = 175 mV
Therefore:
175 ÷ 3 = 58.33 mV/pH
and:
58.33 ÷ 59.16 × 100 = 98.6% slope
This electrode is responding close to the theoretical Nernst 
response.
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Example 2
pH 7.0 = +15 mV
pH 4.0 = +160 mV
The offset is still well within the expected range.
However:
160 − 15 = 145 mV
145 ÷ 3 = 48.33 mV/pH
and:
48.33 ÷ 59.16 × 100 = 81.7% slope
The important point is that both electrodes have accep-
table offset values, but their slopes are very different.
The second electrode therefore demonstrates why 
checking the pH 7 offset alone is not enough to evaluate 
electrode performance.
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As a general Milwaukee guideline, a pH electrode with a slope of approximately: 90–105% is considered to be performing within 
a normal range.
The offset should generally remain within: ±30 mV
These values should be treated as general electrode-health guidelines. Individual instruments may apply their own calibration 
acceptance criteria, so the specifications and manual for the meter being used should always take precedence. 
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