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BACKGROUND .

An example of a simple distillation is the separation of a solution of salt and water
into two separate pure substances. When the saltwater solution is heated to
boiling, water vapor from the mixture reaches the condenser, see below, and the
cold water circulating around the inside tube causes condensation of water vapor
into droplets of liquid water. The liquid water is then collected at the lower end of
the condenser. The non-volatile salt remains in the flask.

In this experiment, the initial mixture you distill contains two volatile liquids:
ethanol and water. In this distillation, both of the liquids will evaporate from the
boiling solution. Ethanol and water have normal boiling temperatures of 79°C and
100°C, respectively. One objective of the experiment is to observe what happens
when a liquid-liquid mixture is heated and allowed to boil over a period of time.
Throughout the distillation, volumes of distillate, called fractions, will be collected.
The percent composition of ethanol and water in each fraction will be determined
from its density. Water has a density of 1.00 g/cm3 (at 20°C) and ethanol has a
density of 0.79 g/cm3 (at 20°C). The fractions you collect will have densities in

this range.
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EXPERIMENT 7 - Distillation — Separation of a Mixture
%

Purpose:

a) To purify a compound by separating it from a non-volatile or less-volatile material.
b) To separate a mixture of two miscible liquids (liquids that mix in all proportions) with different boiling

points.
Equipment / Materials:
large test tubes(3) test tube rack (1) 10-mL graduated cylinder 50- mL round bottom flask
clamp (1 or 2) heating mantle condenser (1 or 2) thermometer
ringstand glass adaptor grease rubber tubing (2)
boiling chips thermometer adaptor ~ 50- mL round bottom flask unknowns ( A and B)
Discussion:

Distillation is one of the oldest and still most common methods for both the purification and the identification of
organic liquids. It is a physical process used to separate chemicals from a mixture by the difference in how
easily they vaporize. As the mixture is heated, the temperature rises until it reaches the temperature of the

lowest boiling substance in the mixture, while the other components of the mixture remain in their original
phase in the mixture. The resultant hot vapor passes into a condenser and is converted to the liquid, which is
then collected in a receiver flask. The other components of the mixture remain in their original phase until the
most volatile substance has all boiled off. Only then does the temperature of the gas phase rises again until it
reaches the boiling point of a second component in the mixture, and so on.

The boiling point of a substance—determined by distillation—is a useful physical property for the
characterization of pure compounds.

At any given temperature a liquid is in equilibrium with its vapor. This equilibrium is described by the vapor
pressure of the liquid. The vapor pressure is the pressure that the molecules at the surface of the liquid exert
against the external pressure, which is usually the atmospheric pressure. The vapor pressure is a very sensitive
function of temperature. It does not increase linearly but in fact increases exponentially with temperature. The
vapor pressure of a substance roughly doubles for every increase in 10 °C, Figure 1.

When the vapor pressure of the liquid equals the applied pressure, the liquid boils. Thus, the boiling point of a
liquid is the temperature at which the vapor pressure equals the applied pressure. The normal boiling point of a
liquid is the temperature at which the vapor pressure of a liquid equals atmospheric pressure (1 atm).

The boiling point of a liquid is a measure of its volatility.
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Experimental Procedures

Place 30 ml of an unknown liquid mixture (15ml A + 15 ml B) that is to be purified by simple distillation and
for which the boiling point range is to be determined.

Assemble the assigned distillation apparatus (simple or fractional). Transfer the unknown liquid to a 50 mL
round bottom flask (this will be the distilling pot). Add one boiling stone, and proceed to distill the liquid into a
10 mL graduated cylinder (this will be the receiver). Check the position of the thermometer (the bulb of the
thermometer must be below the arm of the distillation head) and make sure that the bottom of the distillating pot
touching the heating surface of the heating mantel. Securely attach a piece of condenser tubing to each
condenser outlets. Securely connect the other end of the “water in” tubing to the water jet in the sink (or hood).
Place the other end of the “water out” tubing in the sink (or back of the hood). Plug in the heating mantle and
before heating your distillation apparatus or turning on the water for cooling the condenser, have your
laboratory instructor check your distillation apparatus.

After your laboratory instructor has checked your apparatus, slowly turn on the water for condenser, and begin
heating. Adjust the heating mantle to maintain a distillation rate of one drop per second. As the lower boiling
component is distilled, the boiling point of the mixture in the distillation flask will increase.

Record the temperature after the first drop is collected and again after every 2 ml of distillate is collected. After
the 10 ml of distillate has been collected, you will have to empty the graduated cylinder into a test tube as it
fills. Cover and label the test tube first fraction (component A). KEEP IT.

Collect the next 10 ml of distillate, again recording the temperature after every 1 ml of distillate. After the
second 10 ml of distillate has been collected, you will have to empty the graduated cylinder into a test tube as it
fills and DISCARD IT in organic waste container.

Collection of last portion of distillate should continue until the temperature remains constant. If the distillation
flask is approaching dryness, remove the heat source immediately and after cooling, transfer the distillate and
any remaining liquid from the flask to the third test tube (component B). KEEP IT.

Determine the boiling point range of the first fraction of the collected liquid and the third portion of the
collected liquid. Identify the unknowns by their boiling points using the possible boiling points of compounds.

Construct a table like that given below, to record the temperature at the distillation "head" as a function of
volume distilled. You will record your data in report form. Plot distillate temperature (°C) vs. volume of
distillate (ml) collected for the mixture with and without the fractionating column and use the graph to
determine the boiling points of the two compounds in the mixture and identify the compound in the mixture.
Both sets of data will be plotted on the same graph, using different symbols (colors). Label the two curves.

[Volume distilled (mL) Jol2] 468 10]12]14]
Temperature without column
(simple or fractional)

[Volume distilled (mL) 16 | 18 ][ 20 24 | 26 | 28 | 30

Temperature without column
(simple or fractional)
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EXPERIMENT 7 — Distillation of a Mixture
Separating of a Mixture by Distillation

REPORT FORM Name

Instructor

Date

[Volume distilled (mL) JoJ 2 a6 8 fworz]i4]

Temperature without column
(simple or fractional)

[Volume distilled (mL) |16 | 18 ][ 20 | 22 ] 24 ][ 26 | 28 | 30 |

Temperature without column
(simple or fractional)

Observed boiling point of the first compound (A): °C

range
Literature boiling point of the first compound (A): °C
range
Observed boiling point of the second compound (B): °C
range

Literature boiling point of the second compound (B): °C
range

Identity of Mixture

Compound A is

(name)

Compound B is

(name)
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DENSITY OF ETHANOL AND WATER MIXTURES (20°C)

Ethanol Density Ethanol Density Ethanol Density
(%) (glem’) (%) (glom?) (%) (glem?)
0 0.998 34 0.947 68 0.872
2 0.995 36 0.943 70 0.868
4 0.991 38 0.939 72 0.863
6 0.988 40 0.935 74 0.858
8 0.985 42 0.931 76 0.853
10 0.982 44 0.927 78 0.848
12 0.979 46 0.923 80 0.843
14 0.977 48 0.918 82 0.839
16 0.974 50 0.913 84 0.834
18 0.971 52 0.909 86 0.828
20 0.969 54 0.905 88 0.823
22 0.966 56 0.900 90 0.818
24 0.964 58 0.896 92 0.813
26 0.960 60 0.891 94 0.807
28 0.957 62 0.887 96 0.801
30 0.954 64 0.882 98 0.795
32 0.950 66 0.877 100 0.789
DATA AND CALCULATIONS
Fraction 1 Fraction 2 Fraction 3
Mass of distillate plus graduated cylinder g g
9
Mass of graduated cylinder g g
Mass of distillate g . g
P 9
Volume of distillate cm?® > o
Initial boiling temperature °c
Density
glem® glem® Jom?
Percent ethanol D =
% % %
Percent water =
% % %
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Briefly describe the process of fractional distillation.

What effect would a decrease or increase in barometric pressure have on boi9ling
point?

If a mixture distilled rapidly, the separation of its compound is poorer than if the
mixture is distilled slowly. Explain

A mixture of two miscible liquids with a widely different boiling point is distilled.
The temperature of distilled liquid is observed to plateau and then drop before
rising again. Explain the temperature drop.

Why a distilling flask should be filled not less than 1/3 filled or more than 7/3
full?




