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Cy:Conu-=1.8X 1076 X 555 =1.01 X 1071

=K,=101X10"" (1.5)

at 25°C.

This new constant K, termed the ion product of water, expresses the relation
between the concentration of HY and OH ™ ions in dilute aqueous solutions; for
example, this relation may be used to calculate the concentration of H* in pure
water. To do this, let x equal the concentration of H*. Since in pure water, one
OH ™ is produced for every H* formed on dissociation of a molecule of H,0, x
must also equal the concentration of OH™. Substituting in Equation 1.5, we
have

()(x) = 1.01 X 10714 = x2
Therefore, x=1X10"
=C,;s = Coy- = 1.0 X 1077 mole/1

o

pH

In 1909, Sorensen introduced the term pH as a convenient manner of express-
ing the concentration of H* ion by means of a base 10 logarithmic function; pH
may be defined as

1 |

where ay;. is defined as the activity of H*. If the activity coeflicient is assumed to
be 1, then

pH = log = —log [H*] (1.7)

[H*]
In this equation, to indicate that we are dealing with concentrations, we use
brackets. Thus, the concentration of H*, (Cy,.), is represented as [H*].

The hydrogen ion is one of the few substances for which estimates of both the
concentration and the activity routinely are obtained in the biochemical labo-
ratory. The pH meter is an electrochemical instrument that is connected to two
electrodes. These electrodes are in contact with a solution, one directly and one
through a special glass membrane that is far more permeable to protons than it
is to most other cations. The potential difference between the two electrodes,
which is measured by the pH meter, is related logarithmically to the hydrogen
ion activity and hence to the pH as defined by Equation 1.6. (Note that in some
modern pH meter systems, the two electrodes are combined into one “‘concen-
tric” electrode.)

The distinction between activity and concentration is indicated by the fol-
lowing example. The pH of 0.1 HCl when measured with a pH meter is 1.09.
This value can be substituted in Equation 1.6, as the pH meter measures
activities.

1.09= Ioga—l~

ay.= 1019
= 8.1 X 1072 moles/liter

1
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The concentration of hydrogen 10on is expected to be 0.1 moles/liter in 0.1M

HCl since HCl is a strong, fully dissociated acid. The activity coefficient may be
calculated as

¥ =au./[H']
=0.081/0.1
=0.81

Thus, cven ata concentration of 0. 17, the activity coeflicient for hydrogen ions
in an HCl solution isonly slightly less than 1. It approaches | more closely at the

lesser hydrogen ion concentrations that are characteristic of most biochemical
reactions.

Itis important to stress that the pH is a logarithmic function: thus, when the
pH of a solution is decreased one unit from 5 to 4, the H* concentration has
increased tenfold from 107°M to 107*M. When the pH has increased three-

tenths of a unit from 6 to 6.3, the H* concentration has decreased, by a factor of
about 2, from 107%M 10 5 X 1077M.

If we now apply the term of pH to the ion product expression for pure water,
we obtain another useful expression

[H*)X [OH™] = 1.0 X 10~
We take the logarithms of this equation

log [H*] -+ log [OH™] = log (1.0 X 10~ 1%)
=-14

and multiply by — 1
—log [H*] — log [OH~] = 14

Ifwe now define —log [OH "] as pOH, a definition similar to that of pH, we have
an expression relating the pH and pOH in any aqueous solution

pH + pOH = 14 (18)

_ BRONSTED ACIDS

A most useful definition of acids and bases in biochemistry is that proposed by
Bronsted. He defined an acid as any substance that can donate a proton, and a
base as a substance that can accept a proton. Although other definitions of acids,
notably one proposed by Lewis, are even more general, the Bronsted concept
should be thoroughly understood by students of biochemistry.

The following substances shown in orange are examples of Bronsted acids:
HCl— H* + CI”
CHyCO0H —— H* + CH,C00-
NHF — NH, + H*
and the generalized expression would be

HA — H* + A~



1.10 lonization of Weak Bases

1.9 IONIZATION OF WEAK ACIDS

The corresponding bases are now shown reacting with a proton:

CI~ -+ H* —» HCI
CH,CO0~ + H* —» CH,COOH
NH, + H " — NH}

Note that the first of these three reactions does not occur to an appreciable
extent in aqueous solution because HCT is a strong acid.
I'he corresponding base for the generalized weak acid HA is

A"+ H* — HA

It is customary to refer to the acid = base pair as tollows: HA (or HA* in the case
ol protonated amines) is the Bronsted acid because it can furnish a proton: the
anion A~ {or neutral A in the case of amines) is called the conjugate base
because it can accept the proton to form the acid HA.

Hydrochloric acid (HC1), a familiar mineral acid, is completely dissociated in
11,0.

HCI -

»H* +CI- (1.9)

Note that the dissociation is represented as an irreversible reaction, The same is
true of strong bases, such as NaOFH, and the salts of strong bases and strong
acids, such as NaCl. A weak acid, in contrast to a strong acid, is only partially
ionized in aqueous solution, This is represented by a reversible ionization of the
generalized weak acid, HA.

HA + H,0 == H,0* + A
(Conjugate  (Conjugate (Conjugate  (Conjugate
acid, 1) base, 2) acd, 2) base, 1)

or the simpler (1.10)
HA=—H"+ A"

The proton donated by HA is accepted by H,O to form the hydronium ion,

H,0*. Although it is strictly correct to recognize that the proton is hydrated in

solution, other ions are as well, and the formulas for ions generally are written in
the simple, unhydrated form. Hence, we can write the equilibrium constant as

) AT

eq [HA] Ku (111)

where K, is the dissociation constant for the weak acid.

IONIZATION OF WEAK BASES

One way to consider the ionization of a weak base is by direct analogy with the
ionization of a strong base, writing the equation as reversible rather than the
irreversible NaOH — Na* + OH™. That is, both a strong base and a weak base
may be defined as a substance that furnishes OH™ ions on dissociation.

13
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BOH == B* + OH~
. _ [BYOH") (1.12)
Kea =Ko = T50m]

For ammonium hydroxide (NH,OH), for example, the K is given in chemical
handbooks as 1.8 X 10~°. Therefore, the extent of dissociation of NH,OH is
identical with that of acetic acid (CH,COOH; K, = 1.8 X 107%). The important
difference, of course, is that NH,OH dissociates to form hydroxyl ions (OH™),
whereas CH,COOH dissociates to form protons (H*), and that the pH of 0. 1M
solutions of these two substances is by no means similar, the former being above
pH 7 and the latter, acetic acid, below pH 7.

One of the most common types of weak base encountered in biochemistry is
the group called organic amines (e.g., the amino groups of amino acids). Such
compounds, when represented with the general formula R-NH,, do not con-
tain hydroxyl groups that can dissociate as in Reaction 1.12. Note that even
ammonium hydroxide itself can be written in this form, as HNH,, or more
simply, NH;. Such compounds can ionize in H,O to produce hydroxyl ions,
according to an equation that has a form similar to that of Equation 1.10.

RNH, + H,0 =—= OH~ + RNHI

(Conjugate  (Conjugate (Conjugate  (Conjugate
base, 1) acid, 2) base, 2) acid, 1)
or, alternatively, (1.13)
RNH, -+ H;0* ——= H,0 + RNH}
(Conjugate  (Conjugate (Conjugate  (Conjugate
base, 1) acid, 2) base, 2) acid, 1)

which simplifies to
RNH, + H* == RNH3}

In the first representation of this reaction, H,0 serves as an acid to contribute a
proton to the base RNH,. The corresponding ionization constant is

_ [RNH3)OH™)
" [RNH,][H;0] G

that by analogy with Equation 1.12 can be rewritten as

_ [RNH{JOH"]

K, = [H,0]K
b [ 2 ] on [RNH;J}

(1.15)

The simplified version of Equation 1.13 can be written in reverse, as we have
s . I . o« e .
done for NH{ in Section 1.8. This is the dissociation of a Bronsted weak acid.

RNH$ == RNH, + H*
The corresponding dissociation equilibrium constant is defined by

« o [RNHJH']

R (1.16)

Thus, it is p9$ible. _and convenient, to treat both weak acids and weak bases as
Bronsted acids by simply writing the dissociation of the protonated form of the



