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16.7 / Weak Bases 615

rotic Acids l Solving for x, we have ¥ = (0.0037)(4.3 X 10°7) = 1.6 X 10~°
K, x=[H"]=[HCO;, ] =V16X 10 =40 X 107°M

The small value of x indicates that our simplifying assumption was justified. The
4 oH is therefore
sl pH = —log [H*] = —log (4.0 X 10~%) = 4.40
42 %X 1078 If we were asked to solve for [CO,2"], we would need to use K. Let’s illustrate
“=at caleulation. Using the values of [HCO; ] and [H*] calculated above, and setting
0.*"] = y, we have the following initial and equilibrium concentration values:

HCO;(aq) — H*(aq) +  CO2(aq)

Initial 40x1075M 40x107°M 0
iply as “laree
it proton. 7 Change -y M +y M +y M
ht: Equilibrium (40x10-5—y)M (4.0%1075+y) M yM
zation) “ssuming that y is small compared to 4.0 X 107°, we have
1072 [H)[CO] (40 X 1079)(y) %
1 constants Ky = [HCO, ]~ 40x10° 5.6 X 10
5 from the = = =
factor of 1 y =56 X 107" M = [CO*]
polyprotic " value calculated for y is indeed very small in comparison to 4.0 X 10, shomng
“at our assumption was justified. It also shows that the ionization of HCO;" is neg-
= ole in comparison to that of H2C03 as far as production of H" is concerned. How-
«r. itis the only source of CO4?~, which has a very low concentration in the solution.
Our calculations thus tell us that in a solution of carbon dioxide in water most of
C0, is in the form of CO, or HCO;, a small fraction ionizes to form H™ and HCO; ™,
37 M. The = an even smaller fraction ionizes to give CO;*".

f oo CTICE EXERCISE

‘ulate the pH and concentration of oxalate ion, [C,0,7 "], in a 0.020 M solution of ox-
- acid, H,C,0, (see Table 16.3). Amswers: pH = 1.80; [C,0,27] = 64 X 107° M

ey - 7 Weak Bases

2 a monop

he equiliss =+ substances behave as weak bases in water. Such substances react with
wor. removing protons from H,O, thereby forming the conjugate acid of the
and OH" ions:

[CO, (ag)
Weak base + H,O == conjugate acid + OH" [16.30]

i most commonly encountered weak base is ammonia:
B NH,(ag) + H,O() = NH," (ag) + OH " (aq) [1631]
. The equilibrium-constant expression for this reaction can be written as
[NH, "J[OH"]
K 16.32
INFL [H,0] ozl
~+use the concentration of water is essentially constant, the [H,O] term is in-
0% 1073 ~rated into the equilibrium constant, giving
mation £ + -
[NH,"]J[OH"]
K,=KH)O] = ——F7F7 16.33
= REERO] = [16.33]

The constant K, is called the base-dissociation constant, by analogy with the
~issociation constant, K, for weak acids. The constant K, always refers to the equi-
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616  Chapter 16 / Acid-Base Equilibria

TABLE 16.4 Some Weak Bases and Their Aqueous Solution Equilibria

Lewis Conjugate
Base Structure Acid Equilibrium Reaction K,
Ammonia H—I'T'I—H NH," NH; + H,0 ==NH," + OH" 1.8 x 10~
(NH3) H
Pyridine ( O N: CsH:NH" CsHsN + HO == C;H,NH' + OH" 1.7x10°*
(CsH:N)
Hydroxylamine H—N—OH H,NOH" H,NOH + H,0 =—H,NOH" + OH~ 11 x 107"
(HNOH) |
H
Methylamine H—N—CH NH,CH, " NH,CH, + H,0 == NH,CH," + OH" 44 x10°*
(NH,CH,) |
H
Hydrosulfide ion [H-{s;: ¥ B HS™ + H,O==H,S + OH" 18X 10"
(H57)
:'Cli: &
Carbonate ion e - HCO," CO;>~ + H,O==HCO,” + OH" 1.8x 107
(CO5™) O &
Hypochlorite ion [Cl—o | HCIO ClO™ + H,0 ==HCIO + OH" 33x 10
(C10™)
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librium in which a base reacts with H,O to form the conjugate acid and OH . Tab
16.4 A lists the names, formulas, Lewis structures, equilibrium reactions, and v= -
ues of K, for several weak bases in water. Appendix D includes a more extensive =
Notice that these bases contain one or more lone pairs of electrons. A lone pair is ne:
essary to form the bond with H*, Notice also that in the neutral molecules the lor
pairs are on nitrogen atoms and that the other bases are anions derived from we=+
acids.

l SAMPLE EXERCISE 16.14
Calculate the concentration of OH™ in a 0.15 M solution of NHs.

Solution We use essentially the same procedure here as used in solving problems
involving the ionization of weak acids. The first step is to write the ionization reactio
and the corresponding equilibrium-constant (K,) expression:
NH;(ag) + H,O() == NH, " (ag) + OH(ag)
[NH,"]J[OH"]
[NH;]
We then tabulate the equilibrium concentrations involved in the equilibrium:

K, = = LB X 10

NHjz(aq) + H,O() =— NH4+(aq) + OH (aq)
Initial 0.15 M — 0 0
Change —xM — +x M +x M
Equilibrium 015 -x)M — xM xM
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