Appendix H:  The pH Meter
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A pH measuring system consists of a voltmeter (the pH meter) and two electrodes, only one of which responds to aqueous H+ (H3O+).  The H+- sensitive electrode is a glass membrane electrode while the reference electrode is usually a Ag/AgCl electrode.  When these two electrodes are placed in an aqueous solution, the electrical potential difference (voltage) between them is a function of the solution’s [H+].
  The pH meter measures that potential difference and converts it to the corresponding pH value.  Free-standing meters like the one shown above are most common, but the electrodes can instead be directly connected to a computer for pH measurement (e.g., with the Vernier interface system used in the general chemistry lab).
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Most modern pH electrodes are combination electrodes that contain both the reference and glass membrane electrodes as a single unit.  The reference electrode is concentric with and surrounds the body of the glass electrode, and the two are connected by a junction (ceramic frit) near the tip:







The glass membrane must be kept hydrated for the electrode to function properly, so the lower portion of the electrode is stored in a small bottle of a buffer solution when not in use.  
Calibrating the Vernier pH Electrode (Offset Error Correction)
The pH electrode shows linear response between pH 2 and 12 but has an "offset error” that can be estimated by measuring how the electrode responds to buffers of known pH.  Every electrode has a slightly different offset error, so each electrode must be calibrated individually.
· 
Open LoggerPro to a pH measurement window.  From the toolbar, select [image: image2.png]


 ( Data Collection ( Collection dialog box and set

Mode = Time Based 
Length = 30 minutes (or however long you think you need to make measurements)
Sampling rate = 10 samples/minute (or 0.1 minute/sample)

Oversampling = unchecked
· 
Unscrew the cap of the buffer reservoir bottle to release the bottle (the cap might stay attached to the electrode or it might slide off with the bottle).  Rinse the glass bulb tip with distilled water and blot dry with a Kimwipe tissue.  Place the electrode in pH 4 buffer to a depth of at least 1 cm so that the entire glass bulb is immersed in solution.  Measure the electrode's response to pH 4 buffer by clicking on[image: image3.png]B2 ot



.  The measured pH value is displayed in the lower left hand corner of the screen.  Continue taking measurements until the reading is stable.  Record the value. 
· Without stopping data collection, remove the electrode from the pH 4 buffer, rinse and dry the tip, and then check the electrode’s response to pH 7 buffer.   Record the value.  Repeat to check the electrode’s response to pH 10 buffer.  Click [image: image4.png]


 to end data collection.  Rinse the electrode and replace its buffer reservoir.  
· 
The difference between the measured pH and the true pH of a buffer is the electrode’s offset error.  Calculate the offset error at the three different pH values and compute the average.  The individual values should be fairly close (within ~0.2 pH unit of each other).   Record the details of these calculations in your notebook or report sheets.
How to Correct Measured pH Values for Electrode Offset Error

 If the electrode reads 4.52, 7.58, and 10.56 in pH 4, 7, and 10 buffers, respectively, the average offset error is 
(0.52+0.58+0.56)/3 = 0.55
Any pH value measured with this electrode is 0.55 pH unit too high, so the measured value is corrected by subtracting 0.55.  For example, the corrected pH of a solution whose measured pH is 6.78 is
Corrected pH = 6.78 - 0.55 = 6.23
Measuring the pH of a Solution

· Calibrate the electrode as described above.

· Configure LoggerPro for data collection as described above.

· Rinse the electrode, blot dry, and immerse the tip in the solution whose pH you need to measure.
· Click on[image: image5.png]B2 ot



 and take pH measurements until the displayed value is stable.  Record both the uncorrected pH value and corrected pH values in your notebook or report sheets.

· Continue to another sample solution (rinse electrode and blot dry in between) without stopping data collection.  Click [image: image6.png]


 to end data collection. 
· Rinse the electrode and replace its buffer reservoir.
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junction (porous ceramic frit) connecting reference electrode to outside solution  








�The basic principles of potentiometry are discussed in detail in the electrochemistry unit of any general chemistry text.  The potential difference (Ecell)  between the glass and reference electrodes is linearly related to the solution’s pH.  At 25oC, the relationship is





Ecell = constant - (0.0591) log [H+] = constant + (0.0591) pH






H-1

