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lagrama logaritmico de predominio de las especies del 4cido citrico en concen
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Disgrama 1.9. Curva de titulacién potenciométrica, de 20 ml, de 4cido citrico 0.0504 M, con hidréxido de sodio

0.0963 M. Se tomé en cuenta la dilucién y la curva es pH = f(Vs).
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er punto de equivalencia
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| dB/d(pH) = 8= 2.303([H*] + [OH"])  for water
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which agrees with the answer to Example 10 within the rounding-off error.
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Fic. 4-8. Buffer index of 0.10 molar acetic acid as a function of pH. The
minima correspond to pure acetic acid and sodium acetate, the maximum to the
equimolar mixture of the two.

FQ UNAM Alejandro Baeza 2007 5



Moles H* bound

0.10—
01— \B |
Qosm /\
' ng—)-
BRI B IR ot L
0o .2 & 6 8 10 2 4
pH b
pKy pKa DKs
(a) (b)

 2.303K, [H] n,[HA],
| B=2"" (& + [T

i

FQ UNAM Alejandro Baeza 2007 6



vivapuciaad reguladora)

‘ = - == .
3 PK, 3.0.. !;Kz 4.4 TEK-l-G-I

f—"::’l'ﬂ','.:*-'~="""‘"" A

B i

3,70 838 .. -
~ Jer P.equiv 2¢ Plequiv

Disgrama 1.8. Capacidad reguladora de una disolll_xI-
cion de acido eirican Q0304 sM. ey funcién del pH.
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DiacraMA 1.10. Curva tedrica de titulacién de 20 ml. de acido citrico 0.0504 M con NaOH 0.09

pH = {(V,). Se tomé en cuenta la dilucion.
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78 VALIDITY OF THE HENDERSON-HASSELBALCH EQUATION

Although equation (7-42) can easily be solved, it is not very informative; it is so
complicated that looking at it gives us no insight into its meaning and validity. For-
tunately, it is possible to put the equation into a more instructive form. Although the
result [equation (7-46)] can be derived in a few steps by algebraic manipulation of (7-42)
using K,, = [Hs O*][OHT], it is useful to see how it can be derived from more funda-
mental considerations. We begin with the equilibrium expression .

H,0°] = K, 1EAL (7-23)

[A7]
take logarithms of both sides and multiply by —1; the result is

A"
pH=pK, +log i[ﬁT} (7-43)

[Note that this is #ot the same as equation (7-30), which deals with the initial concen-
trations of salt and acid.] Equation (7-36) can be rewritten as

[A7] =C, + [H30*] —[OH] (7-44)

*If the salt of a divalent cation {e.g., Mg(NO,), ] is used rather than a sodium salt, the factor C;
in equation (7-42) must be multlphepbb@thM Alejandro Baeza 2007 0




and (7-33) can be rewritten as

[HA] =C, + C,—[A7] (7-45)
When we combine (7-43) and (7-44) with (7-45), the result is

(7-46)

- Cs + [H30+] — [OH -]
PH = pK, + log (ca-— [H;07] + [OH ] )

If the initial concentrations of salt and acid are significantly greater than both [H;0%)
and [OH™], then

C, + [H;0%] - [OH™] =,
C, - [H;0%] + [OH] ~C,

and equation (7-46) becomes identical with the approximate form, the Henderson-Has-
selbalch equation. Both [H30%] and [OH™] will be less than 0.001 M when the pH is in
the range 3 to 11; C, and C; are rarely less than 0.1 M in practical buffers. Therefore,
the Henderson-Hasselbalch equation may be used with confidence when the pH is be-

tween 3 and 11. FQ UNAM Alejandro Baeza 2007 10
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Figure 7.1 pH of a 2:1 (Cs:Ca)P!quﬁ function af aci ngth (pK,). Solid line,
Henderson-Hasselbalch equation; das ﬂ&f?)&l{g&)% glzl?:%i(}pr‘l‘?for C,+C, =01 M;

dotted line, exact calculation for C,+C, = 0.01 M.
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