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Phsical Properly«—~BOILING POINTS AND DISTILLATION

Identity and Purity of Liquid Organic Compounds
Distillation as a Method for the Separation of Liquids

INTRODUCTION
If a liquid is kept in a sealed container, equilibrium is eventually established
between the liquid and gaseous molecules. The pressure exerted by these
gaseous molecules is called the vapor pressure and it increases with
increasing temperature of the liquid (Figure 7).
=2yl The boiling point of a liquid is defined as the temperature at which the
fgr CaP"quH <—{vapor pressure) of the liquid equals the external pressure (usually 1
atmosphere). It is also defined as the temperature at which vapor and liquid

are in equilibrium at a given pressure. @g‘, Pt

The boiling point, like the melting point, is a physicgl constant and may be

o 25:4)le— used to identify unknown organic liquids.
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Boiling Points of Pure Liquids. The boiling point of a pure liquid depends

on the following variables: <5538 Plar covelenk
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<> b=asle b) Molar mass: boiling point increases with molar mass.

Pfedeleg 3, d= ©) Shape of molecules: among isomeric compounds,
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int of a

(atmospheric) pressure. The effect of any solute, A, on the boiling po

liquid B, will depend on the nature of A (Figure 8). If A is less volatile than

B, then the total vapor pressure of the solution is lower at any given

temperature, and its boiling point is higher than that of pure B (e.g. @

-
4)\1‘ 9 hB.F ) <—solution of sugar in water). If, on other hand, solute A is more volatile than

B, then the total vapor pressure of the solution, at any given temperature, 1s

higher and its boiling point is lower than that of pure B (e.g., a solution of
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The behavior of a solution of two miscible liquids, A and B, is best

r‘lrﬁ BB 15) explained by referring to Raoult's law which states that the partial pressure

L}’i?iﬁ_q” of liquid A (p,) in a mixture is equal to the vapor pressure of pure liquid A

1= XA
Po inli . A .  Th
el Prqdfan;i (P°) multiplied by the mole fraction of A in the mixture (X,). The same
29l pews applies to liquid B. Therefore:
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From Dalton's law, the total vapor pressures of the solution (Py) is th@
of the partial pressures of A and B:

Pr=p,+py =X, .P +X;. Py X +Xp=1)
A vapg)r pressure-composition diagram for the ideal two-component

mixture is shown below (Figure 9).
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Figure 9. Vapor pressure-composition diagram for two miscible liquids

a"W\OSPLGn‘C A solution of A and B w'i]] boil when the total vapor pfess1.1re. (Py) eqlfals
Pressu e the external pressure. This occurs at a temperature which is intermediate
between the boiling points of the two pure liquids (lower curve in Figure
10).
In order to understand the separation of a pair of miscible liquids A and B
by simple and fractional distillation, a boiling point diagram is helpful
(Figure 10).
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Figure 10. Temperature-composition diagram of two miscible liquids.
This diagram shows the temperature at which mixtures of A and B of
various composition boil (lower curve). The composition of the vapor in
cquilibrium with the liquid is given by the tie line connecting the liquid and
vapor curves. It is clear from Figure 10 that the vapor will always be richer
than the liquid in the more volatile component. This makes sense, since the
molecules of the component with the higher vapor pressure (more volatile)
will escape more readily, and thus be in higher proportion in the vapor

phase.

Simple and Fractional Distillation. Distillation is the process of heating a
liquid to its boiling point, condensing the vapor by cooling, and collecting
the liquid distillate. It is a technique for the pmation of liquids and for
the separation of liquid mixtures. The principles involved in distillation
(simple / fractional) may be explained by referring to Figure 10.

If a liquid mixture of A and B with composition C; (X, = 0.2) is heated to
boiling (L), then the vapor in equilibrium with it (V) will have the
composition C; (X, = 0.4), i.e., the vapor will contain more of the volatile
component A, than the original liquid. If this vapor is condensed (L,) and
redistilled, the distillate (V2—L;) will be much richer in A (composition
C3). As the distillation progresses, the mixture will gradually have less of
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the more volatile component and its boiling point will gradually rise.
Consequently the distillate will contain a continually decreasing proportion
of the more volatile component until finally all has been collected and the
less volatile component is left as a residue.

In practice, separation of a liquid mixture into its components by a single
distillation (simple distillation) is possible only when the boiling points of
the components are 80 degrees or more apart. For mixtures of liquids
having boiling points much less than 80 degrees apart, separation can be
achieved only by fractional distillation. Such a distillation is equivalent to
several repeated simple distillations. It uses a fractionating column which
provides a large surface area for continuous heat exchange between the hot
ascending vapor and the cooler descending liquid, thus resulting in a series
of evaporations and condensations leading to separation of the two
components.

Vacuum distillation is a tecEniqug_for the distillation of high boiling liquids,

and for compounds that 5ecompose at atmospheric pressure. At the low

pressures employed, those compounds distil at much lower temperatures.
GENERAL PROCEDURE

A typical set-up for simple and fractional distillation is given in Figures 11

and 12, respectively.
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Figure 11. Simple distillation apparatus Figure 12. Fractional distillation apparatus.

When carrying out a distillation, the following practical points shciulgl be
oSV, nd [35rwed £0) o=l csw o) ¢ U
a. The boiling flask should not be more than half full. —> _[” Lsle 450 mbL

b. Boiling stones are added to the liquid to prevent bumping.
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system.
d. Cooling water in the condenser should enter at the lower end and exifat het el

—

the upper end. This ensures that the condenser jacket is always full of
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water.

a.sk I Ee. The(bulb of the thermometer)should be below the opening of the side a=us fow
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arm so as to measure the temperature at which liquid and vapor are in
equilibrium. @
£ Heat sources used depend on the natulr,e of the liquid. A water bath is
a

used to distil low-boiling and flammable liquids, while a burner with a

o b
wire gauze is used for higher boiling and less flammable liquids.

OBJECTIVES
1. Distilling a pure liquid (acetone) and determining its boiling point.

2. Separating a mixture of acetone and water by simple distillation.
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3. Separatin B
P & a mixture of acetone and water by fractional distillation.

Having
g done this experiment you should be able to compare the efficiency
of each type of distillation,

EXPERIMENTAL

MATERIALS | Glassware: Round-bottomed flasks (50 and 100 mL),
NEEDED distillation head, adapter, condenser, 2 Erlenmeyer

flasks (50 mL), fractionating column, 2 stands, wire
gauze, 2 clamps, 2 clamp holders, large beaker for
water bath, graduated cylinder (10 mL).

Chemicals: 30 mL acetone, boiling stones, grease

DETERMINATION OF BOILING POINT OF PURE ACETON

A 3""47\;_. Arrange a simple distillation apparatus as shown in Figure 11 using a
‘:.u ‘;" water bath as a heat source. Introduce about 20 mL of a liquid (e.g.
acetone) and a few boiling stones in a 50 mL round-bottomed flask.
Heat gently so that the distillate collects in the receiver drop by drop.
“ Make sure that there is a drop of liquid hanging from the bulb of the

thermometer to ensure that the thermometer is reading the correct

boiling point. Absence of this drop indicates superheating. Wait until
1-2 mL of the distillate have been collected before recording the
temperature. Continue the distillation until about 2 mL of residue are

left in the distillation flask, and record the temperature again. Keep

the acetone for the following part.

SEPARATION OF A MIXTURE

1. Simple Distillation. Make a mixture of two liquids (e.g. acetone-
rﬂ-é'égﬁap 035
water) 20 mL each and pour it into a 100 mL round-bottomed flask.— folilicsnpdl
fo sy

o ()}j]()ﬁ Carry out a simple distillation as before and collect five fractions in Qm ff
e o
(Bf 35) sa) | the following boiling ranges: 50-62, 62-72, 72-82, 82-95 plus the fifth 4% mb-o>f Y
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fraction which is the residue. Measure the volume of each fraction
and record the results in the report sheet.

2. Fractional Distillation. Combine the five fractions and pour into a
100 mL round-bottomed flask, attach the fractionating column and
proceed as for simple distillation. Measure the volume of each

fraction as before and record your results.




