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14.17: The Meaning of pKa- Product-to-Reactant Ratio and Equilibrium Constant

The index we have used to assess Brgnsted acidity, pKa, is a measurable quantity. It is determined by measuring the ratio of
products to reactants in a proton transfer reaction.
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Figure 14.17.1: HCI dissolves and ionizes in water.
For example, if HCI is dissolved in water, much of it ionizes, transferring a proton to water to form hydronium ion and chloride
anions. The concentrations of all four of these species could be measured and compared. The ratio of products to reactants is called
the equilibrium constant, or Keq:

[H;07][C1"]
Ky=—7———
[H,O][HC1]

The concentrations of these species are generally reported in moles per liter. A mole, you may know, is a unit used to count very

large numbers of molecules. Since molecules are very small, we usually deal with very large numbers of them at a time.
By convention, the concentration of water in itself is defined as 1. That leads to a slightly different expression.
Kt — [H;0T][Cl7]

“ [HCI]

This ratio, dealing with proton transfer, is also called the acidity constant, Ka.
[H;0"][Cl]
[HCI]

a=

Exercise 14.17.1

Write the expression for the Ka in each of the following mixtures.

a) HCN in water b) H5S in water c¢) NH3 in DMSO (DMSO = (CH3),SO)

Answer a
a. ~_ INCTI[H50%]
° [HCN]
Answer b
[HS][H3;0+]
b. Ka =
[H2S]
Answer c

[HoNJ[(CH3) ,SOH*]
[HCN]

a

The Ka is often a very, very small number or a very, very large one. In the case of HCI in water, the Ka is about 1 x 10-8. Dealing
with exponents can be cumbersome. In order to simplify comparisons, the equilibrium constant is expressed logarithmically.

pKa=—-log K,
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The Ka is often a very, very small number or a very, very large one. In the case of HCI in water, the Ka is about 1 x 108, Dealing
with exponents can be cumbersome. In order to simplify comparisons, the equilibrium constant is expressed logarithmically.

Exercise 14.17.2

Convert the following Ka's to pKa's.
a)1x10°b)1x10°¢)3.5x102°d)8.5x 10

Answer a
pKa=-6
Answer b
pKa=9
Answer c
pKa =24
Answer d

pKa =16

Exercise 14.17.3

Convert the following pKa's to Ka's.
a)-3.5b)4.3¢c)9d) 25

Answer a

Ka =103
Answer b

Ka = 1043
Answer c

Ka =10
Answer d

Ka=10"

Equilibrium constants are not restricted to proton transfer. They can be used to describe the extent to which any reaction occurs.
For example, they can be written for other, reversible processes involving acid-base chemistry.

Figure 14.17.2: Equilibrium in the formation of a Lewis acid-base complex between diethyl ether and boron trifluoride.

Lewis acid-base interactions are very often reversible. For example, a Lewis base like ether can donate a pair of electrons to a
Lewis acid such as BF3. The ether can take its electrons back again and leave the BF; behind, too. How tightly the ether is held by
the BF; is termed the binding constant. In this case,

[BF3][Ety O]

K= T5m,088)
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In this case, the equilibrium constant has been reported to be about 0.25.

Exercise 14.17.4

What does the equilibrium constant for formation of a complex between BF3 and diethyl ether (above) tell you about the
position of the equilibrium?
Answer

At equilibrium formation of the Lewis acid-base complex is slightly favored.

Exercise 14.17.5

The equilibrium constant for complex formation between dimethyl ether (CH30CHj3;) and BF; is 4.2. Compare this value with
the one for diethyl ether and explain the difference.
Answer

At equilibrium formation of the Lewis acid-base complex of dimethylether and BF; is more favored than the corresponding
diethylether BF; complex. This is likely due to the decreased steric bulk of the methy groups compared to the ethyl groups.

Exercise 14.17.6

Write expressions for the binding constant in the following cases.

a. (NH;),PtCl, loses an ammonia
b. Mo(CO)g loses a carbon monoxide
c. FeCl, loses a chloride anion

Answer a
o _ [NH3),PtCl,]
“ " [(NHZ)PICI,)[NH]
Answer b
b k. _ [Mo(CO)]
“" [Mo(CO)s][CO]
Answer c
FeCl,-
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