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Investigation of the properties of a binary azeotrope is
often considered a staple of the undergraduate physical
chemistry laboratory (1–3). In the past we have studied
the acetone/chloroform high-boiling system, but recently we
have considered a replacement system that doesn’t cause us
concern over the health effects or hidden costs of waste
disposal due to the use of the chlorinated solvent.

We surveyed various literature sources of azeotropic data
(4–6 ) in compiling a master list of more than 80 binary systems.
Initial rejections from the list were based on obviously in-
tolerable degrees of toxicity, expense, or impracticability.
Preference was given to mixtures that were commonly ob-
tainable, miscible, and known to have convenient boiling
temperatures. Table 1 presents the physical properties of our
“short list” of candidate mixtures. Included in Table 1 are
several unacceptable systems, which serve to illustrate our
selection criteria. Currently, we are studying the low-boiling

azeotrope of the water/1-propanol system. The experiment
is performed on the bench top and no special precautions
are required. Disposal of 1-propanol is simply by washing
down the drain (7 ).

We based our final selection on several factors, including
acute and chronic toxicity, boiling ranges of the components
and the azeotrope, and the costs of purchase and disposal of
the compounds. We sought to keep the boiling range under
100 °C because we have a set of precise (±0.1 °C) thermom-
eters; however, thermometers that extend to 200 °C are
commonly available with a precision of ±0.2 °C. Addition-
ally, we use the refractive index to determine composition,
requiring that the indices of refraction be somewhat different.
Others may choose to determine composition by another
method, such as gas chromatography, which allows the use
of components with the same index of refraction.

Our extensive survey of azeotropic mixtures has turned
up a small number of high-boiling systems. We list five of
them in Table 1 and note that only two deserve serious con-
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sideration as student experiments. The cyclohexanone/tetra-
chloroethane experiment is well described by Shoemaker et
al. (1).

Our primary health concern was the exposure of the lab
instructors to the chlorinated solvent for several weeks each
year. We therefore listed limits of exposure to the vapor in
Table 1 instead of the oral LD50, since the most likely exposure
in the lab is by inhalation.

Our previous use of chloroform resulted in the accumu-
lation of about 8 liters of waste each year. This is because
any amount of acetone that contains some chloroform should
be treated as a chlorinated hydrocarbon and not put down
the drain. Our department has cradle-to-grave accounting for
“hazardous” materials, which includes a proper disposal
process. Our disposal cost for these chemicals is about
$30/liter, or a $240 added cost of the experiment. Other
methods of disposal have been considered, such as treatment
with KOH and distillation after washes with water. The KOH
treatment is also costly, and the washed and distilled chloro-
form is not suitable for reuse in this experiment.

Finally, we note that any of the mixtures in Table 1
could be studied in a well-equipped academic lab using
proper procedures. Indeed, issues regarding the proper handling
of chemical waste need to be a part of the undergraduate

educational experience. While we don’t feel a laboratory
curriculum should be “watered down” because an experiment
requires special precautions, we’re pleased to show that there
are safe and “clean” alternatives that also offer high teaching
value.
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