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ACID-BASE EQUILIBRIUM IN WATER

- Like other ELECTROLYTES, acids and bases IONIZE to some extent in water

- STRONG electrolytes ionize completely. Acids and bbases that ionize completely in water
are called STRONG ACIDS and STRONG BASES

- WEAK electrolytes ionize partfially, remaining mostly non-ionized. Acids and bases that
ionize only partially in solution are called WEAK ACIDS and WEAK BASES.

- Most acids and bases are WEAK!

Common strong acids Common strong bases
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SIMPLE pH CALCULATIONS: STRONG ELECTROLYTES

- With strong acids and bases, the acid or base completely ionizes in water. So, we only
have to worry about the effect of the acid or base on the water equilibrium itself.

- Since the equilibrium constant for the self-ionization of water is so small, the strong acid
or base will. overpower the hydronium (for acids) or hydroxide (for bases) produced by

the water. L~ - _
H 0+« H 0 = Hpo"tOH™ "k, =
Consider a solution of 0.025 M nitric acid (a strong acid):
HNUZ(M().-I— H2 O(€ )? HED*CIM{) -+ /\/()3'-(0\7 )
Since nitric acid is strong, the above reaction goes fully to the right, meaning that all the
nitric acid molecules produce hydronium ion! Since the presence of hydronium ion from the

acid suppresses an already small amount produced by the water, we'll assume that essentially
all hydronium in solufion comes from the acid.
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Let's calculate the HYDROXIDE concentration at this pH ...

N oL
CH 9 ot 1 Con-J=lovio lnlbl Since the hydroxide is produced only by the
(p.028) Con— 3= loxlo water equilibrium, we know that it wil
_~-U, - |3m oy~ Produce the same amount of hydronium
CoH™ A= OXIO (1:1 ratio!). So the amount of hydronium
produced by water is FAR smaller than 0.025 M!
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Consider a solution of 0.0125 M sodium hydroxide (a stfrong base):

No 6 H (,Mtj"“ﬁ oﬁ(owl) + O H/(owtj

Sodium hydroxide is a soluble ionic compound, so it completely ionizes in water. Similar to
what we did with hydronium for the acid, we will assume that all the hydroxide ion in

the solution comes from NaOH, since hydroxide from NaOH should suppress water's

own ionization - which is already small!

Con~\ 2 CNaOH I nominal = 0,0 128 N 0K
POA _w“’\umb[al«l“} = ~|Ug|°(o,ong§ - .90
S (L pH‘I’POH = ”'/—00/ PH + (.90 = 'H.00

rpH: 17 .10

Like before, we can check to see what amount of hydroxide ion water itself would make at
this pH ... It will be equal to the amount of HYDRONIUM produced, since the water
equilibrium must produce a hydroxide ion each time it produces a hydronium ion.

Io"fH = CHyo %) / 07 ' 2 CHa0t) = L0907 M Hyot

Based on the amount of hydronium produced by the water equilibrium here, we can also
conclude that the amount of hydroxide ion produced is also really small (same numerical
value as hydronium) compared to the 0.0125 M produced by NaOH.



138(A) What is the concentration of hydronium ion in an agueous solution whose pH
is 10.507? (B) What is the hydroxide ion concentration? (C) What molar concentration
of sodium hydroxide solution would provide this pH?
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