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630 UNIT IV = Equilibrium in Chemical Reactions

TABLE 15.1 Temperature Autoionization of Water

Dependence of K . . .
P W What happens when water acts as both acid and base in the same reaction? The

pH of resulting equilibrium is
T(°C) Ky, Water ‘ N B
- H,O(¢) + H,0(¢) == H;0"(aq) + OH (ag)
0 0.114 X 10 7.47 Acid, Base, Acid, Base;
10 0.292 X 107" 7.27
20 0.681 x 107 7.08 or
25 1.01 x 107" 7.00 2 H,O(¢) &= H;0(aq) + OH (aq)

30 1.47 x 107" 6.92 Thi S ble for th Lo ¢ hich lead 1l
o 50 x 10-14 g is reaction is responsible for the autoionization of water, which leads to sma
4 : B : but measurable concentrations of hydronium and hydroxide ions at equilibrium.
50 5.47 X 107" 6.63 Th ol . . L

B e equilibrium expression for this reaction is
60 9.61 x 107" 6.51

[H;0][OH ] = K, [15.1]

The equilibrium constant for this particular reaction has a special symbol: K,
and a special name, the ion product constant for water; its value is 1.0 X 10~ '* at
25°C. Because the liquid water appears in this equilibrium reaction equation as a
pure substance, it is considered already to be in its reference state, and therefore
contributes only the factor 1 to the mass action law equilibrium expression. The
reasons for this are discussed more fully in Sections 14.2 and 14.3. The tempera-
ture dependence of K,, is given in Table 15.1; all problems in this chapter are as-
sumed to refer to 25°C unless otherwise stated.

Pure water contains no ions other than H;O" and OH™, and to maintain over-
all electrical neutrality, an equal number of ions of each type must be present.
Putting these facts into the equilibrium expression Equation 15.1 gives

[H;0']=[OH | =y
y2=1.0x 107"
y=1.0x10"7

so that in pure water at 25°C the concentrations of both H;O" and OH™ are
1.0 X 107" m.

Strong Acids and Bases

An aqueous acidic solution contains an excess of H;O" over OH™ ions. A strong
acid is one that ionizes almost completely in aqueous solution. When the strong
acid HCI (hydrochloric acid) is put in water, the reaction

HCl(aq) + H,0(¢) —> H;07(aq) + Cl (aq)

occurs. A single rather than a double arrow indicates that the reaction is essen-
tially complete. Another strong acid is perchloric acid (HCIO,). (See Table 11.1.)
If 0.10 mol of either of these acids is dissolved in enough water to make 1.0 L of
solution, 0.10 M concentration of H;O " (aqg) results. Because the acid—base prop-
erties of solutions are determined by their concentrations of H;O " (aq), these two
strong acids have the same effect in water despite differences we shall see shortly
in their intrinsic abilities to donate hydrogen ions. Water is said to have a leveling
effect on a certain group of acids (HCI, HBr, HI, H,SO,4, HNOj3, and HCIO,) be-
cause they all behave as strong acids when water is the solvent. The reactions of
these acids with water all lie so far to the right at equilibrium that the differences
between the acids are negligible. The concentration of H;O" in a 0.10 M solution
of any strong acid that donates one hydrogen ion per molecule is simply 0.10 M.
We use this result in Equation 15.1 to obtain the OH™ concentration

K, 1ox10"
[H;07] 0.10

[OH ] = =1.0x 10 "Bwm



