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lodine/lodide/Triiodide Equilibria

Almost 30 years ago a physical chemistry experiment was
reported in which the equilibrium constant for the following
aqueous reaction was measured (1):

I(aq) + I (aq) = I; (aq)

The equilibrium is established by dissolving iodine in a solu-
tion of KI of known concentration. The total I and I3~
concentration at equilibrium is determined by titrating the
aqueous solution with thiosulfate (2). The solution is then
extracted with carbon tetrachloride, and the I, concentra-
tion in the nonpolar solvent is determined by titration with
thiosulfate.

The equilibrium concentration of I, in the aqueous solu-
tion can be calculated from the I concentration in the non-
polar solvent and the distribution coefficient for the extrac-
tion of iodine between CCl, and water.
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Glasstone (3) reports values of 85.1-87.5 for this distribution
coefficient. We have used the value suggested more recently
by Irving and Williams (4).

At this point, enough information is available to calculate
the equilibrium concentrations of the three components of
the reaction.

[L)aq = M) oea/D
113713q = It()t&l I? + I:F]aq - [I:?]aq
[I_]aq = CKI == [Iﬂ—]aq

These concentrations can then be used to calculate the equi-
librium constant for the reaction (5).
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Concern about the volume of halogenated solvent generat-
ed in this experiment recently led Sabol and Kurtz (6) to
describe a method of recovering these solvents. At Purdue
we have taken a different approach to reducing the threat to
the safety of both individual students and the environment
from exposure to the halogenated solvents used in this ex-
periment. At first we simply replaced carbon tetrachloride
with what we hoped were less toxic halogenated solvents,
such as dichloroethane. As the list of suspected carcinogens
lengthened (7), we began a search for a different category of
nonpolar solvent that could be used to extract iodine from an
aqueous solution.

For several years we have successfully used p-xylene to
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extract I, from an aqueous solution containing an equilibri-
um mixture of I, I=, and I3~ (8). No significant changes have
to be made in the experimental procedure. The students still
titrate a sample of the aqueous phase, and a sample of the
nonpolar phase obtained when the aqueous solution is ex-
tracted with p-xylene. Our results suggest that the distribu-
tion coefficient for extraction of iodine into p-xylene is very
much larger than the corresponding constant for carbon
tetrachloride.

[IQ]xylene

= 436
[Iz]aq

D=

When this value is used, student results agree favorably with
the accepted value of the equilibrium constant for this reac-
tion (5). We therefore recommend considering the use of p-
xylene for this experiment in place of a halogenated solvent.

Qualitative Analysis

Other places were p-xylene might replace halogenated
solvents include qualitative analysis experiments, which of-
ten involve steps in which iodine and/or iodide are identified
by extraction into carbon tetrachloride.

Safety

It is important to realize that substituting p-xylene for
halogenated solvents does not replace a “toxic” material
with one that is “safe.” Carbon tetrachloride and chloroform
are on the list of probable carcinogens proposed by the Inter-
national Agency for Research on Cancer (7), whereas p-
xylene is neither a carcinogen nor a mutagen. Xylene is
flammable, however, with a flash point of 17 °C. It also forms
a harmful vapor, which may cause dizziness, headache, nau-
sea, or mental confusion and may cause poisoning by absorp-
tion through the skin or by inhalation (9).
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““‘Safety Tips'' is a column for short articles designed to help teach-
ers improve the safety conditions in academic laboratories at all
levels. Of special interest are articles describing previously unfore-
seen hazards in commonly performed experiments. Other appropriate
submissions for this column include ways to minimize already recog-
nized safety hazards, methods for incorporating safety education into
laboratory instruction, and descriptions of laboratory management
systems that emphasize safety. Interested persons should submit
articles to Tim Champion, 11055 Painted Tree Road, Charlotte, NC
28226.
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