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THE pH BOX 
The pH box is a similar sort of self-torture device to the temperature box. All four of the measurements are different ways to express exactly the same condition. The Kw of water, the dissociation constant, is a natural number amazingly close to 1 E-14. That is, when you multiply the hydrogen ion concentration [H+] by the hydroxide ion concentration [(OH)-] in pure water at near room temperature, the number is 1 E-14. If you know the [(OH)-], you know the [H+] and visa-versa. These two measurements are not the same scale, but they are two different measurements of the same thing. The pH is just the negative log of the [H+] and the pOH is just the negative log of the [(OH)-]. The final leg of the box is the relationship between the pH and pOH, and that is the easiest one. pH + pOH = 14 because this is the exponential form of the Kw equation. 

The hardest part of working the pH box is doing the "number crunching." The math is easier on a scientific calculator. Only a masochist would think about trying to do the computations by hand with a log table. Due to the large number of differences among hand calculators, there is a limit to the amount of help Chemtutor can give you in calculator work, but there are a few tips we can lend you. 
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SCIENTIFIC CALCULATOR USE WITH pH BOX
The calculator can be somewhat unfriendly in the math of the pH box. Let’s take an example of using the box. The pH table before the pH box makes integer pH calculations easy, but the calculator is best used on non-integer pH's.  For example:  [H+] = 2.75 E-6  

Start with [H+] = 2.75 E-6. Input 2 . 7 5 E +/- 6. To get the pH, punch 'log' (not ln, the natural log). The display shows -5.5607. The pH is the negative log, so it is 5.5607, rounded to 5.6, but you leave the -5.5607 on the display to keep going around the box.

pH = 5.5607
Punch + 1 4 = to add 14 to the negative pH. This will give you the pOH of 8.4393.

pOH = 8.4393
Punch the “change sign” button, +/-. This changes 8.4393 to -8.4393. We need to get the antilog of -8.4393, and this function is not the same on many calculators. You may find a 2nd or an INV or shift or some other button to push before the log. The correct answer is 3.6364 E-9.

[OH-] = 3.6364 E-9
If you want to keep going around the box, you need to divide by the same number (with as many significant digits as you can) to get the [OH-] back. Or, you could store the [OH-] number before you take a look at it. Your calculator should have a button marked STO or M+ or M1 that will store your number into memory. Do that before you peek at the number. To get back that stored number, you punch RCL or M-. To get back to the original [H+], punch in: 1 E +/- 1 4 / RCL = . You should see your good old [H+] of 2.75 E-6 on the display.

[H+] = 2.75 E-6
Now for practice, go around the pH box the other way.

The rules are:
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To get pH from [H+] or to get pOH from [OH-], use the negative of the log.
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To go from [OH-] to pOH or from [H+] to pH, use antilog of the negative number.
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To go from [H+] to [OH-] or back, first put in the Kw, 1E-14 and divide by the one you are leaving.
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To go from pH to pOH or back, subtract the number you have from 14.

Proficiency in pH box calculations requires practice. 

WEAK ACIDS AND WEAK BASES
We can write the chemical equation for the dissociation of a weak acid, using 'A-' to represent the conjugate base, as;

	HA
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	A-
	+
	H+


And, similarly, we can write the chemical equation for the dissociation of a weak base, using 'X+' to represent the conjugate acid, as;

	XOH
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	OH-
	+
	X+


The equilibrium expression for the dissociation of a weak acid is;
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In language, the equilibrium expression reads; "The dissociation constant of an acid is equal to the concentration of hydrogen ions times the concentration of the conjugate base of the acid divided by the concentration of un-ionized acid."
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Similarly, the equilibrium expression for a weak base reads: "The dissociation constant of a base equals concentration of hydroxide ions times concentration of conjugate acid divided by the concentration of un-ionized base."

The kA of an acid or the kB of a base are properties of that acid or base at the given temperature. The temperature at which these dissociation constants are listed is usually near room temperature. 

The equilibrium expressions are for monoprotic acids or monobasic alkalis or the first dissociation of a polyprotic acid or a polybasic alkali. Phosphoric acid (H3PO4) is a good example of a polyprotic acid. When completely ionized, a mol of phosphoric acid will give three hydrogen ions and a phosphate ion, but the hydrogen ions come off one at a time at different pH's and with different kA's. 

	H3PO4 [image: image10.png]


(H2PO4)- + H+
	first ionization
	kA = 6.92 E-3

	(H2PO4)- [image: image11.png]


(HPO4)2- + H+
	second ionizaton
	kA = 6.17 E-8

	(HPO4)2- [image: image12.png]


(PO4)3- + H+
	third ionization
	kA = 2.09 E-12


Any acid with more than one ionizable hydrogen or any base with more than one ionizable hydroxide will usually separate stepwise as phosphoric acid. 

pH OF STRONG ACIDS AND BASES 
Strong acids and bases have all of the dissolved material completely ionized. The concentration of a monoprotic acid is equal to the concentration of hydrogen ion. The concentration of a monobasic alkali is equal to the concentration of  hydroxide ion. The actual concentration of hydrogen ion (or hydroxide ion) from pure water is on the order of concentration of E-7 Molar, so any concentration of a strong acid or base over E-5 Molar completely swamps the comparatively tiny amount of ion from the ionization of water.

What is the pH of 0.0850 M HNO3? Nitric acid is a monoprotic strong acid. [HNO3] = [H+] and pH = - log [H+], so, pH = - log (0.085) = 1.07 Only one step on the pH box. 

What is the pH of 0.00765 KOH? Potassium hydroxide is a monobasic strong base. [KOH] = [OH-] and  pOH = - log [OH-] and pH = 14 - pOH Or you could go around the pH box the other way. The pOH = 2.12 and pH = 11.88.

WEAK ACIDS AND WEAK BASES
We can write the chemical equation for the dissociation of a weak acid, using 'A-' to represent the conjugate base, as;

	HA
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	H+


And, similarly, we can write the chemical equation for the dissociation of a weak base, using 'X+' to represent the conjugate acid, as;

	XOH
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The equilibrium expression for the dissociation of a weak acid is;
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In language, the equilibrium expression reads; "The dissociation constant of an acid is equal to the concentration of hydrogen ions times the concentration of the conjugate base of the acid divided by the concentration of un-ionized acid."
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Similarly, the equilibrium expression for a weak base reads: "The dissociation constant of a base equals concentration of hydroxide ions times concentration of conjugate acid divided by the concentration of un-ionized base."

The kA of an acid or the kB of a base are properties of that acid or base at the given temperature. The temperature at which these dissociation constants are listed is usually near room temperature. 

The equilibrium expressions are for monoprotic acids or monobasic alkalis or the first dissociation of a polyprotic acid or a polybasic alkali. Phosphoric acid (H3PO4) is a good example of a polyprotic acid. When completely ionized, a mol of phosphoric acid will give three hydrogen ions and a phosphate ion, but the hydrogen ions come off one at a time at different pH's and with different kA's. 

	H3PO4 [image: image17.png]


(H2PO4)- + H+
	first ionization
	kA = 6.92 E-3

	(H2PO4)- [image: image18.png]


(HPO4)2- + H+
	second ionizaton
	kA = 6.17 E-8

	(HPO4)2- [image: image19.png]


(PO4)3- + H+
	third ionization
	kA = 2.09 E-12


Any acid with more than one ionizable hydrogen or any base with more than one ionizable hydroxide will usually separate stepwise as phosphoric acid. 
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