






























































































1112 ANALYTICAL CHEMISTRY

calcium carbonate and resin. Thc volatile fiber finish is included
in the values for resin content and could only be estimated.

The results presented (a), indicate the magnitude of the
error introduced by calcium carbonate decomposition on results
obtained using ·IwJ:mnJ llnalytical ignition procedures for the de
termination of resin content, and (b) provide a -simple, hllt.pre
else, tecbniquc for correcting the resultant errors. The method
deseribed is useful in those cases where resin content is limited by
specifieation, and where failure to correct for the loss of carbon
dioxide would result in the rejection of the material for its speeifiecl
use, and where fairly aceurate resin contents are needed.
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End Point Calculation in Conductometric and Photometric Titrations
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Unfortunately, it is difficult in practice to recognize these linear
ranges. For example, in Figure 1, only the portion of the titra
tion curve between ~ = 0.9 and ~ = 1.1 has pronounced curvature.
Because of experimental error, different portions of the nearly
linear remainder will appear to be linear in different titrations, and
the end point is sensitive to the ~-range selection which is made.
As shown in Table I, errors of the order of 2% may arise from this
cause. (This error is, of course, in addition to that caused by
the uncertainty of the experimental data.) Moreover, the actual
choice of the linear ranges is subjective.

To make the selection of the linear ranges objective, one possi-

Figure 1. Conductollletric titration of O.OIN
sodium acetate with IN hydrochloric acid in

water at 25° C.

procedure has a sound basis in theory. There is a linear range
before the equivalence point where the added titrant reacts
quantitatively with the substrate; there is a lineal' range past
the equivalence point where the added titrant no longer reads
with the substrate, the substrate-titrant reaetion being complete;
and the intersection of the two straight lines defined in this way
occurs at the equivalence point.

1.0

1 Present address, Chemistry Department, Florida State University,
Tallahassee, Fla.

An objective method of end point calculation is de
scribed for conductomc.tric or photometric titration
curves which have no sharp end-point indicating
change of slope. These include all titrations which
,would be difficult 01' impractical by the potentiometric
method. The nlethod makes use of the curved part of
the titration curve near the equivalence point and
.ninimizes end point errors due to variations in the
equivalent conductivities, deviations from Beer's law,
and systelnatic experimental errors., An end point
accuracy of better than 0.50/0 is obtained even in cases
where the end point error may be as large as 10% by
other methods of calculation. No additional data are
required.

CONDUCTOMETRIC and photometric methods of titration
can give accurate results in many cases where the potentIO

metric method fails because the inflection point on the plot of
eleetromotive force V8. volume of titrant is not clearly defined.
For example, the photometric titration of p-bromophenol (pKA

9.2) with aqueous sodium hydroxide can be accurate t.o better
than 1% at concentrations as low as O.OOlM (3, 4). Similarly,
O.OOIM p-nitrophenol (pKA 7.0) can be titrated photometrically
in the presence of O.OOIM m-nitrophenol (pKA 8.3) with an
accuracy better than 2% (3).

However, in all cases where the potentiometrie method fails,
the conductometric and photometric titration curves are. also
difficult to interpret because there is no sharp change of slope
at the equivalence point. The difficulties are illustrated by the
titration of O.oIN aqueous sodium acetate with IN hydroehloric
acid, a titration which would be difficult by the potentiometric
method. The conductometric titration curve in water at 25° C.
is shown in Figure 1. The ordinate, K, is the conductivity,
and the abscissa, ~, the ratio of the equivalents of titrant to those
of substrate. The curve was computed using the known values
of the dissociation constants and equivalent conductivities at the
ionic strengths existing during the titration (7). As the figure
shows, there is no sharp end-point indicating change of slope at
the equivalence point: However, there are two nearly linear
segments, one before and the other past the equivalence point.
The end point is usually taken as the intersection of the two
straight lines drawn through the points in these linear ranges.

Under certain idealized conditions (no changes in the equivalent
conductivities and no volume changes during the titration), this
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