The Theory of pH


The pH scale was suggested by Sorensen almost a century ago.  We can think of it as a sort of shorthand for specifying the concentration of protons (H+ ions) in (usually aqueous) solution.  Sorensen defined pH = -log[H+].  (Remember that [ ] means concentration or molarity.)  In water, pH values from 0 (very acidic) to 14 (very basic) are possible.  Thus pH 7, being right in the middle of the range, is neutral, that is, neither acidic nor basic.  There are two tricky things about this scale: it's nonlinear and it seems "to go the wrong way" (high H+ corresponds to low pH).  Both of these odd features stem from the fact that pH involves logarithms.  First of all, a negative logarithm indicates an inversion or reciprocal of a number; that is why the scale seems "to go the wrong way."  Also because of logarithms, the numbers seem much smaller: log(107) = 7, log(10-2) = -2, log(4.87x103) = 3.68.  So a change in the pH from 7 to 5 increases the proton concentration by 100 times!


Why does pH warrant its own rather weird scale?  Mostly its due to the central role that water plays in chemistry, biochemistry, and biology.  In as much as water is the solvent in which most chemical reactions occur, it's very important to consider ionization of water.  In addition to un-ionized H2O, OH- and H+ can be present.  The concentration of OH -  ions can be expressed by pOH which is defined as pOH = -log [OH -].  There is a  simple relationship between these ions: pH + pOH = 14. The pH specifies the ionic state of the most important solvent.  Another reason for the widespread use of the pH scale is the ease of constructing electrochemical devices ("pH meters") to measure it.


The pH is a scale of numbers that simplifies manipulation, calculation, and discussions involving the wide range of hydrogen ions in a solution.  Determination of pH is a determination of emf (voltage) difference in a pH cell.  pH  is dependent upon temperature; a temperature compensator varies the instrument definition of a pH unit from 54.20 mV to 66.10 mV at 60C.


A pH meter consists of an electrode to sense pH, a reference electrode to complete the circuit while not affecting the pH measurement, an electronics module to link the electrode to the readout, and a display unit, which could be a meter or a computer screen.  Some pH meters also have a third electrode to sense the temperature, in order to compensate for thermal effects.  Often the electrodes are packaged into a "combination electrode" which is more convenient to use.  The most frequent cause of pH meter malfunction is poorly-maintained electrodes.


In modern chemistry the "p" ("negative log of") notation has been extended to other species.  Thus a chemist may use pS-, pNO2-, pNa+, and even p(urea).  So-called ion-selective electrodes have been developed to measure all of those and many more.
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