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HO = H™ + OH™

Keq’=(H+)(0H_)=> 1.8 x 10716 :(H+)(0H_)

(H20) 55.5

(H")(OH™) =1.8%x 10716 x 55 5 >

(HY)(OH™) = 10714 = Kw
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In pure water at 25 °C. the concentration of water 1s 55.5 m—grams of H-O
in 1 L divided by its gram molecular weight: (1.000 g/L)/(18.015 g/mol)—
and is essentially constant in relation to the very low concentrations of H™

and OH™. namely 1 * 107’ M. Accordingly. we can substitute 55.5 M in the
equilibrium constant expression (Eqn 2-3) to vield

[H*| [OH]
[55.5 M]

Keq =

On rearranging. this becomes

(55.5M) (Keq) = [H'| [OHT] = Ky




The value for K. determined by electrical-conductivity measurements of
pure water. is 1.8 = 107!'° nm at 25 °C. Substituting this wvalue for K., 1In
Equation 2-4 gives the value of the 1on product of water:

[HY] [OH"] = (55.5M) (1.8 x 107'® M)
1.0 x 10~ '* M?




Thus the product [HT]JOH] in aqueous solutions at 25 °C always equals 1 =
10~'* nm?. When there are exactly equal concentrations of H™ and OH™. as in
pure water, the solution is said to be at neutral pH. At this pH. the
concentrations of H™ and OH™ can be calculated from the ion product of

water as follows:

Ky = [HY][0OH"] = [H*]* = [OH]?

Solving for [H] gives

= K% = V1 x 10714 M?
=[OH |]=10""M
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PH= -log [H']

PH=-log(H)=-logl x10'= PH =7

POH = - log (OH-) = -log 1 X 107 = POH = 7
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HA < (H") + (A)

[HA]

—log [HY] = —log K, —log A

First solve for [H']: Substitute pH for —log [H] and pK, for —log K:

[HA]

pH =pK, — log A ]

FL Juls - (s y2ia 4laes Henderson — Hassel balch equation

pH = pK, +10g[ |

[HA]
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pH = pK, + lﬂg%

At that point, [HA] =[A"]. and o M'B’ pH = PKa ol

pH=pK,+log 1 =pK,+0=pK,
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precisely neutral solution at 25 *C, in which the concen- 0. 18 HCI

18380 The pH Scale s

_ Gastric juice
Lemon juice

[H™] (m) pH [OH™ ] (m) pOH* 3| . Cola, vinegar

10° (1) 0 10~ 14 14 " Red wine

1071 1 1013 13 | + Beer

102 2] 1012 12 5 Black coffee

104 3 10~ 11 o

107* 4 107" 10 _ Milk, saliva
—5 —a 7

10 5 10 2] Meutral = 4 man blood, tears

lﬂ_ﬂ 6 ID_E 8 a _ Seawater, egg white

1077 7 1077 T

1U—3 [~ 10° i 6 Q Solution of baking
g = soda (MaHCO3)

10 9 10°° 5 -

1071 10 10~ 4

10~ 11 1077 3 N

1012 12 102 2 - _
— 13 10~ 1 | " Household ammonia

10 13 . Household bleach

1014 14 10° (1) 0

*The expression pOH is sometimes used to describe the basicity, or 0H concentration, of a 14° “ 1M MaOH
solution: pOH is defined by the expression pOH = —log[0H™ ], which is analogous to the

expression for pH. Maote that in all cases, pH + pOH = 14. FIGURE 2-15 The pH of some aqueocus fluids.
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