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Warning:

* Not a toy; use only in a laboratory

or educational setting.

*  When working with acids,

wear eye and skin protection.
An electric heating block can be used to prevent

flammable compounds from catching fire.

« California Proposition 65 Warning: This product

can expose you to chemicals including ceramic
fiber, nickel, and lead, which are known to the
State of California to cause cancer, birth
defects, or other reproductive harm. For more
information go to www.P65Warnings.ca.gov.
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Introduction

The principle of distillation is fairly simple, although the practice
may sometimes involve a great deal of work. No two liquids have
exactly the same boiling point. Therefore, it is possible to separate
any mixture of two liquids by raising the temperature of the mixture
to a point where one of the liquids will boil but the other will remain
liquid.

By condensing the resulting vapor, it is possible to end up with two
containers, each containing a relatively pure liquid. While this is true
in theory, in practice the case is somewhat different. As long as there

is a fairly high concentration of the liquid having the lower boiling
point in the initial mixture, the mixture will not become any hotter
than that temperature. However, as the more volatile liquid boils away,
and the concentration drops, a point will be reached where there is not enough of the volatile liquid to carry away
the heat, and the solution will quickly reach

the boiling point of the other liquid in the

mixture. This forces us to make a choice

between halting the distillation process

before the two liquids are completely

separated, or carrying on to the point where %
some of the higher boiling point liquid
will be evaporated and condensed, thereby
contaminating the distillate.

In practice, there are three ways around
this problem. One is to provide a means of
adding more of the mixture to the boiling
flask, and so keeping enough of the lower
boiling point liquid in the solution. Another
is to closely monitor the temperature of
the vapor at the top of the distillation
column, and turn the heat down whenever
the temperature begins to climb. A third
way is to accept that there will be some
contamination of the distillate, and use




some other means of separation for a final purification.

These methods work well when there is a sufficient difference in the boiling points of the two liquids. However,
when the difference is slight, or when there are several components present that have similar boiling points, other
methods must be used. One of these methods is fractional distillation, which relies not on the boiling point, but
upon the relative density of the resulting vapors. When several components in a mixture have differing boiling
points, the one with the lowest boiling point will have a lighter vapor than the second, which will have a lighter
vapor than the third, and so on.

If the vapors are collected in a tall vertical column, therefore, the first component will rise to the top of the column,
with each succeeding component below it. It is then possible to draw the various fractions off of the column by
means of valves at appropriate levels. This is the method sometimes used in oil refineries.

In laboratory use, such columns are used when extreme purity is required, or when the boiling points of the

components are close. A more recent method uses a similar column, but performs the actual separation by means
of catalysts.

Notes

As with any apparatus used in the chemistry classroom, care must be taken to ensure safe operation. It is the
responsibility of the instruction to take all necessary precautions. Proper protection should be worn to protect
the eyes and skin.

The two activities described n the following pages are not intended to limit the instructor, or to show all the
possibilities for the use of this apparatus. The instructor will undoubtedly find other uses for the apparatus, and
should feel free to modify the activities described.

It is advised that any demonstration be carried out at least once by the instructor prior to using it in the classroom,

both to ensure that it works as expected and to discover any special problems or equipment. It is a good idea to
time the activity carefully, and make certain that there is sufficient class time to complete the procedure.

Preparation

1. Assemble the tripod base for the boiling flask by screwing the three legs into the iron ring,

2. Attach the support rod to the A-shaped base, and secure the clamp to the rod.

3. Place the wire gauze on the tripod base, and place the flat bottom, boiling flask on top of the gauze.

4. Place the short distilling column (with the 50mm bulb) in the top of the boiling flask, and attach the condenser
to the short end of the distilling column.

5. Adjust the clamp on the rod so as to support the condenser, and place the Erlenmeyer flask beneath the outlet
of the condenser.

6. Finally, attach a water hose to the bottom inlet of the condenser, and a drain hose to the top inlet. The
apparatus is now ready to use.



How to Set Up
1. First assemble the tripod base for the boiling flask by screwing the three legs into the iron ring;
2. Next attach the support rod to the A-shaped base, and secure the clamp to the rod.

3. Place the wire gauze on the tripod base,
and place the flat bottom, boiling flask on
top of the gauze.

4. Place the short distilling column (with the
50mm bulb) in the top of the boiling flask
and attach the condenser to the short end
of the distilling column.
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5. Adjust the clamp on the rod so as to
support the condenser, and place the
Erlenmeyer flask beneath the outlet of the
condenser.

6. Finally, attach a water hose to the bottom
inlet of the condenser, and a drain hose to
the top inlet. The apparatus is now ready
to use.
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Notes

It is best to select two liquids that have distinct and widely separate boiling points for the demonstration. As there is
provision for determining the temperature of the liquid in the boiling flask, it is a good idea to choose water as the
liquid with the higher boiling point. In this way the temperature of the liquids may be roughly determined by the
activity of the water. If a large amount of water is used along with a small amount of another liquid, there will be
little observable bubbling as long as the temperature is kept below 100° C.

Depending on the availability of materials, and safety considerations, some possible liquids to be used with the
water are ammonium hydroxide or ethanol. Note, these compounds are flammable. When working with them,
it is advised that an electric heating block be used in place of an open flame. The use of a heating block also
allows for better control of the temperature, thus ensuring more efficient distillation.

Another possibility for a demonstration is the use of a dilute acid, such as acetic, which has a higher boiling point
than water. When using such a compound the water will be distilled out, leaving a more concentrated acid. As the
boiling point of water is lower than that of the acid, a correct temperature may be maintained by observing the
boiling of the liquid in the flask, and decreasing the heat slightly whenever the liquid begins to boil vigorously.

On the following page you will find step-by-step instructions for two distillation activities, one using ethanol and
one using acetic acid.



Distillation of Ethanol

1. Set up the apparatus as described on the previous page, but rather than using the wire gauze on the tripod,
place a heating mantle on the tripod. Adjust the apparatus so that all connections are tight.

2. Remove the boiling flask, and place about 200ml of ethanol and 200ml of distilled water in the flask.

3. Replace the boiling flask in the heating mantle and set the heating mantle at about 80° C. (Ethanol boils at about
78° C).

4. Turn on the water to the condensing column and adjust the flow so that there are no bubbles visible.
5. Watch the liquid closely, and when bubbles first start to form, turn the temperature up to about 85° C.

6. As the alcohol begins to boil, the vapors will slowly make their way into the distilling bulb. At this point some
of the vapor will condense and run back into the boiling flask.

7. As the temperature of the vapor increases, the vapor will begin to enter the condensing column, and drops of
distillate will begin to collect in the Erlenmeyer flask.

8. When the volume in the boiling flask is about half of the original volume tum off the heating mantle and allow
it to cool.

9. When the apparatus has cooled, remove the distillate flask and demonstrate that the flask contains pure alcohol.

Distillation of Acetic Acid

1. Set up the apparatus as described above. In this case there is no danger from fire, so the use of a heating mantle
is not required, although it is possible to use one if available.

2. Remove the boiling flask and place in it about 200ml of water and 200ml of glacial acetic acid. Always use
caution when handling acid. Always add acid to water, not water to acid.

3. Have the students test the diluted acetic acid for pH using a pH meter or pH paper.

4. Reposition the boiling flask on the wire gauze (or in the heating mantle) and check the connections for
tightness.

5. Begin heating the dilute acid, keeping the solution just boiling, What you want is for the solution to be slightly
above a simmer, but not at a full boil. (If using a heating block set the temperature at about 100° C or slightly
higher).

6. When the volume in the boiling flask reaches about half of the original volume tum off the heat and allow the
apparatus to cool.

7. Have the students test both the distillate and the liquid in the boiling flask for pH. The distillate should be
mostly distilled water, with a pH of about 7, while the solution in the boiling flask should now be a more
concentrated acid, with a consequently lower pH.





