Constructing pH-logc; Diagrams 3

3.1 Monobasic Acids

The construction of the pH-logc; diagram of a monobasic acid HB is shown
stepwise in Figs. 10, 11, 12, 13, and 14. The acid has an overall concentration C I?IB

and a given pK!'B value:

224

6

logg;

-8
10

124
Fig. 10 The coordination
system of the pH-logc;
diagram

H. Kahlert and F. Scholz, Acid-Base Diagrams, 19

DOI 10.1007/978-3-642-37902-4_3, © Springer-Verlag Berlin Heidelberg 2013



20

3 Constructing pH-logc; Diagrams

24

4

64

logc;

84

=104

124

OH

-14

Fig. 11 Plotting the H;O" and OH™ lines of the water system
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Fig. 12 Marking the coordinates log ¢; = log Cy

example of acetic acid with Cfjz = 10~ mol L~

1 and pH = pK, = —4.75, using here the
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Fig. 13 Plotting the two asymptotes of HB with Eq. (33) for pH < pK, and Eq. (34) forpH > pK,.
Example: acetic acid with Cgz = 0.1 mol L~"and pK, = 4.75
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Fig. 14 Plotting the two asymptotes of B~ with Eq. (35) for pH < pK, and Eq. (36) for
pH > pK,. Example: acetic acid with C3z = 0.1 mol L~" and pK, = 4.75
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3.2 Dibasic Acids

In the case of dibasic acids H,B, the following two protolysis reactions have to be
considered:

H,B + H,O = HB™ + H;0" 37)
HB~ + H,0 = B> + H;0" (38)

The equilibrium equation (37) is characterized by the following law of mass
action:
CHB-C
K, — B 0" (39)

CH,B

and equilibrium equation (38) by:

Cp2-C
Ko =210 (40)
CHB~

As an analogy to Eq. (18), the following amount balance has to be formulated:
CI(-)IZB = CH,B + cug- + Cg2- (41)

The mathematical equations of the functions are given in the Appendix. The
pH-logc; diagram can be easily constructed by plotting the line equations for the pH
ranges separated by the pK, values (see Appendix). The construction is analogous
to that of monobasic acids, with the following specificity. The asymptote of H,B
has the slope —2 in the range pH > pK,, that is, in the range where B>~ is the
dominating species. The asymptote of B>~ has the slope +2 in the range pH < pK,i,
that is, where H,;B is dominating. The stepwise construction of the diagram is
illustrated in Figs. 15, 16, 17, 18, and 19.
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Fig. 15 Plotting the coordination system with the H;0" and OH™ lines of water
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Fig. 16 Marking the coordinates, here for the example of an acid with log¢; = log C]‘_),ZB =—1,
pH =pK,; =3 and pH =pK,, =8
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Fig. 17 Plotting the three lines of H,B in the ranges pH < pKj,i, pKa < pH < pKy» and
pH > pK,,. Example: acid with log CﬁZB =—1,pK, =3 and pKy, =8
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Fig. 18 Plotting the three lines of HB™ in the ranges pH < pKji, pK, < pH < pK,, and
pH > pK,,. Example: acid with 1ogcng =—1,pK, =3 and pK,, = 8



3.3 Tribasic Acids 25

0 n 1 Y 1 n 1 n ! n 1 n 1

- 0 —
logc;=log CHZB

2
HB™

84 B% H,B

=104

OH" H,0"
124

14

Fig. 19 Plotting the three lines of B2~ in the ranges pH < pK,;, pKa1 < pH < pKy» and pH > pK .
Example: acid with logCSZB =—1,pK,; =3 and pK,, =8

3.3 Tribasic Acids

For H3B, the following protolysis equilibria have to be written:

H;B + H,0 = H,B~ +H;0" (42)
H,B~ 4+ H,O = HB*>™ + H;0™ (43)
HB?~ + H,0 = B*~ + H;0" (44)

The mathematical equations of the functions are given in the Appendix. The
diagram can be constructed in analogy to the previous examples (Figs 15 to 19).

Figures 20, 21, 22, 23, 24 and 25 show the construction of the diagram and
the lines of the different species. The line of H3B has the slope —2 in the range
pK.2< pH < pK,3 (HB?™ is dominating here). ForpH > pK,3 (B®~ is dominating) the
slope is —3, which is not visible in the diagram because of the limited range of log ¢;
and pH (it is outside the used quadrant).

The line of H, B™ has the slope —2 in the rangepH > pK,3 (where B3~ is dominating).

The line of HB?~ has the slope +2 in the range pH < pK,; (where H3B is
dominating).

The line of B>~ has the slope +3 for pH < pK,; (H3B is dominating). In the given
example, this line is situated outside the range of the diagram. In the range
pKa1 < pH < pKy, the slope is +2 (H,B™ is dominating).
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Fig. 20 Plotting the coordination system with the H;O" and OH™ lines of water
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Fig. 21 Marking the coordinates, here for an acid with log¢; =
pH = pKy, =5 and pH = pKy3 = 12
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Fig. 22 Plotting the three lines of H3B in the ranges pH < pKj,;, pKa < pH < pKy, and
pKa» < pH < pK,3. The line of H3B for pH > pK,3 is situated outside the range of the diagram.

Example: logCI?hB =—1,pKa =2, pKyp» =5 and pKy3 = 12
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Fig. 23 Plotting the lines of H, B~ in the ranges pH < pK,1,pKa1 < pH < pKan,pKaz < pH < pKa3
and pH > pK,3. Example: log C](-)I3B =—1,pKa1 =2,pKa =5 and pK,3 = 12
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Fig. 24 Plotting the lines of HB?~ in the rangespH < pK,1,pKa1 < pH < pKa,pKa» < pH < pKa3
and pH > pK,3. Example: log Cjj = —1, pKa1 = 2, pKyp = 5 and pKy3 = 12
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Fig. 25 Plotting the lines of B3~ in the ranges pK, < pH < pKyy, pKy < pH < pK,; and
pH > pK,3. The line for pH < pKj; is situated outside the range of the coordination system.
Example: 10gc$133 =—1,pKa =2, pKyp» =5 and pKy3 = 12
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34 Tetrabasic Acids

In case of a tetrabasic acid H4B the following protolysis equilibria are established:

H4B + H,O = H3B~ + H;0" (45)
H;B~ + H,0 = H,B* + H;0" (46)
H,B>” + H,0 = HB*>~ + H;0" 47)

HB*~ + H,0 = B* + H;0" (48)

The mathematical equations of the functions are given in the Appendix. The
plotting of all species in the diagram can be made with the help of the line equations
given in the Appendix. Following the procedures for the mono- to tribasic acids,
this is stepwise made in Figs. 26, 27, 28, 29, 30, and 31.

The line of H4B has the slope —2 in the range pK,» < pH < pK,3 (H,B?™ is
dominating). The slope is —3 in the range pK,3 < pH < pKa4 (HB>~ is dominating).
Sometimes, also in the example shown in Fig. 27, the concentrations of B*~ are so
small in the range pH > pK,4 that the line is situated outside the range of the
diagram. There the line has a slope of —4.

The line of H3B ™~ has a slope of —2 forpK,3 < pH < pK,4 (HB>~ is dominating).
For pH > pK,4 (B*~ is dominating) the slope is —3. In some cases (e.g., example in
Fig. 28) that line is already outside the range of the diagram.

The line of HB%~ has a slope of +2 in for pH < pK,; where H4B is dominating.
For pH > pK,4, the slope is —2 (B*~ is dominating).

The line of HB®~ has a slope of +3 for pH < pK,; where H4B is the dominating
species. In the range pK, < pH < pKyp, the slope is +2. Here, H3B™ is
dominating.

The line of B*~ has a slope of +4 for pH < pK,; where H;B is dominating.
However, the concentrations of B4~ are so small in that range that they are outside the
range of the diagram. In the range pK,; < pH < pKy,, i.e., the range where H;B™
dominates, the slope is +3, and for pK, < pH < pK,; the slope is +2 (H,B*~
is dominating).
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Fig. 26 Plotting the coordination system with the H;O" and OH™ lines of water, and marking
the coordinates, here for an example of an acid with logc; = log C&B =—1, pH=pK, =2,
pPH =pKy» =4, pH = pK,3 =7 and pH = pKyy = 12

B _ _HB
PH=PK:i' pHTK:;B ;?rlii oK'® PH‘PK::
8

0

0

Iogci=logC: 5]
4
-2

-6

logc;

8

=104

12 H;0"

H,B

OH”

-14

Fig. 27 Plotting the lines of H4B for pH < pK,i, pKa1 < pH < pKaz, pKax < pH < pK,3 and
pKa3 < pH < pKia. The line of HyB for pH > pK,4 is situated outside the plotted range. Example:
acid with log CI(_JIAB =—1,pKa1 =2, pKpo =4, pKy3 =7 and pKpy = 12
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Fig. 28 Plotting the lines of H3B~ for pH < pK,;, pKa1 < pH < pKa2, pKa2 < pH < pKy3 and
pKa3 < pH < pKy . Example: acid with logCf p = —1, pKy =2, pKp =4, pKyz =7 and

pKa4 =12

B
pHepki” pHepi®  PH PR

0 6 l 8 10 12 14
. 1 1 1 . .

Tx

o
W

0

- 0
logc;=log CHABA’
-2

logc;

H,B%
104
H,0"
-12 - 3
H,B H,B :
OH™

4

Fig. 29 Plotting the lines of H,B*" for PH < pKai, pKa < pH < pKa2, pKa2 < pH < pKa3,
pK.s < pH < pKyy and pH > pK,q. Example: acid with logCp = —1, pKa =2, pKap = 4,
pKa3 =7 and pKyy = 12
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Fig. 30 Plotting the lines of HB3~ for pPH < pK.1, pKai < pH < pKa, pKax < pH < pKy3,
pKa3 < pH < pK,s and pH > pK,4. Example: acid with log C}ohB = —1, pKa1 =2, pKpp =4,
pKa3z =7 and pKyy = 12
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Fig. 31 Plotting the lines of B*~ for pKa1 < pH < pKaz, PKa2 < pH < pKa3, pKa3 < pH < pKas
and pH > pK,4. Example: acid with log C&B = —1,pKa = 2,pKspp = 4,pKy3 = 7and pKyy = 12
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