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ed from the sum Va + Vb to give the volume of base required to titrate the HCl, Va. Thus, the two concentrations, HCl(aq) and H3PO4 can be determined in a mixture of the two.
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POTENTIOMETRIC ANALYSIS OF
A HCI1- H,PO, MIXTURE

This analysis will acquaint you with potentiometric methods of analysis
using the glass electrode and pH meter. The pH meter in conjunction
with the glass electrode is the method of choice for the direct measure-
ment of pH; or as a means to obtain data to construct a titration curve.
In this analysis, a mixture of two acids will be titrated to determine the
concentration of each acid. A titration curve will be constructed which
will locate the exact equivalence points. The glass electrode, which
detects hydronium ion activity, allows the analysis of mixtures of acids
in which color ranges of conventional indicators may overlap. Also, the
glass electrode can be used with colored solutions and with analyses that
take place in nonaqueous solvents.

The Potentiometric Titration:

A potentiometric titration employs the measurement of an electrical
potential (a voltage) as a means to detect the equivalence point of a
titration. This technique can be applied to all types of analyses
which involve titrimetric methods. The electrical potential is
produced by a galvanic cell, and the magnitude of the potential
depends on the activities (concentrations) of the solutes in the cell
solutions. The relationship between potential and activity is the
basis for potentiometry as an analytical tool. In many cases a cell
can be designed to respond to a single ionic species, like the
potassium ion, sodium ion or the hydronium ion. In a potentio-
metric titration, the cell is composed of anindicator electrode (which
is responsive to the analyte activity, the hydronium ion in our case)
and an external reference electrode (an electrode which produces a
constant potential). The electrical potential between the two
electrodes is a measure of the analyte activity. The role of the pH
meter is to measure this potential, amplify it and display the result
on a meter.

The commercial glass electrode is used to measure hydronium ion
activity and, with the meter, pH. It consists of glass tube with a thin-
walled glass bulb on one end containing a solution of fixed hydron-
ium ion activity, usually 0.1 M HCl,,) and an internal reference
electrode, the silvers silver chloride cell, Agy|AgCly. When the bulb
isimmersed ina solution, an electrical potential develops across the
glass membrane in response to the hydronium ion activity in the
external solution. The potential is measured
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against anexternalreference electrode, usually the saturated calomel
electrode, KCl,), Hg,Cl,|Hg;. Note there are two reference
electrodes in the cell, the internalsilver-silver chloride reference and
the external saturated calomel electrode, neither of which is affected
by pH. The complete cell can be represented as:

Agy | AgCly, HClg,y | glass | Huy || KClia, HgCly | Hey

. the glass ++ + e the saturated calomel-
electrode the external electrode
solution

Since the potentials of the two reference electrodes remain constant,
any change in the potential of the cell reflects a change in the
potential developed across the glass membrane which is a measure
of hydronium ion activity.

The Titration Curve:

For a quantitative analysis using titration, it is imperative that the
end point of the titration coincide with the equivalence point of the
reaction. This condition is readily met when large pH changes occur
across the equivalence point. Titrations involving strong acids or
strong bases as titrant most often have wide pH swings at the
equivalence point, giving sharp end points. Yet another factor the
affects the sharpness of the end point is the strength of the acid or
base being titrated. The weaker the analyte, the smaller the pH
change through the equivalence point, as shown in Figure 1 for
weak, monoprotic acids. The concentration of the analyte can
alsohave an affect on the end point, increasing (for acids) or
decreasing (for bases) the starting pH as solutions become more
dilute.
See instructor for Figure 1

The titration curves for polyprotic acids show more than one
equivalence point as succeeding protons are neutralized. The
titration curve of a weak dibasic acid, H,A, is essentially a composite
of the titration curves of two weak acids of the same concentration
and with dissociation constants K, and K ,,. IfK,, is less than about
10° and K, + K, + 1000, the shape of the buffer regions can be
calculated. It is important to realize that K,, + K,, must be greater
than 1000 if two distinct breaks (inflection points) in the titration
curve are to be seen. If this is not so, the first break will be nonexis-
tent or will be of such poor definition that it will have no analytical
value.
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Phosphoric acid is a tribasic acid. Its K, values are approximately
10%, 10® and 10", Because these K 's are sufficiently separated,
H;PO, can be titrated with a strong base to give distinct and well
defined end points indicating the neutralization of the first and
second protons. The pH values at the two equivalence points are:

At the first equivalence point: pH =47

H:POyq + OH ) + HPO[ g + H0

At the second equivalence point:  pH = 9.3

HpPO; oy + OH'yg HPOf'(aq, + Hy0

Neutralization of the third proton of phosphoric acid does not
produce an appreciable break in the titration curve. This is ulti-
mately because K is very small and acids will small K,'s produce
small breaks, (remember Figure 1), and because K, is so small, the
basicity (proton accepting ability) of the phosphate ion is large, and
it undergoes hydrolysis producing hydroxide ion.

HPOAZ'W + OHy, - POf*(aq) + H,0,

PO + HOy+ HPOZ ) + OH (hydrolysis)

So with phosphoric acid, you can expect to see only two well
defined breaks in its titration curve, the first centered at a pH of 4.7
and the second at approximately a pH of 9.3.

Here is another interesting fact that will be important in this
analysis. Ifa+0.05 M solution of HCl, is titrated to a pH of approxi-
mately 4.7 (the pH of the st eq. pt. of H;PO,), the hydronium ion
concentration from the HCl, yet to be neutralized will be 2 x 10°M
(the antilog of +4.7). The fraction of the initial concentration of
HCl,,,, remaining at this pH is about 0.04%.

S90CM L 1o0% = 0.0%
X = 0.
2X%0em ’
At pH 4.7 there is such a small fraction of HCl,,, remaining that if a
mixture of HC,,, and H,PO, are titrated together to a pH of approxi-
mately 4.7, all the HCl,, can be considered neutralized andall of the
H;PO, will have been converted to HPO, as its first proton is
neutralized. As the titration continues, the second proton is
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neutralized, H,PO, being converted to HPO,?, in the span from the
first to the second equivalent points.

The titration curve of a mixture of HCl and H,PO, would be expected
to appear as shown in Figure 2.

K

i
A
Va+ \b &
VOUMENaOH (M) et
Figure 2 The titration curve for HC,,,) and H,PO, titrated

with NaOH

To clarify: V, is the volume of NaOH required to neutralize the
HCly; V, is the volume of base required to neutralize the first proton
of HyPO, forming H,PO,’; and V, is the volume of base required to
convert the H,PO,* to HPO,*. V, must equal V.. In the titration, V,
is determined from the titration curve and subtract-




