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03.01 Evaporative equilibrium

Principle and tasks
For each temperature a specific
vapour pressure establishes above a
liquid. If the external pressure is lo-
wered by drawing off the gas phase,
the equilibrium re-establishes itself
through evaporation of a part of the
liquid phase.

The enthalpy of vaporisation of ace-
tone is determined by measuring the
vapour pressure at different temper-
atures.

Plot of the logarithm of the vapour pressure against the reciprocal
temperature.

Calorimeter, transparent 04402.00 1
Temperature meter, digital, 4-2 13617.93 1
Temperature probe, immersion type, Pt100 11759.01 2
Protective sleeve for immersion probe 11762.05 1
Barometer / Manometer, hand-held 07136.00 1
Pressure sensor 07136.01 1
Tubing adapter, 3-5 / 6-10 mm 47517.01 1
Silicone tubing, di = 7 mm 39296.00 1
Silicone tubing, di = 2 mm 39298.00 1
Retort stand, h = 750 mm 37694.00 2
Right angle clamp 37697.00 3
Universal clamp 37715.00 3
Round flask, 100 ml, 1� GL 25/8, 2� GL 25/12 35677.15 1
Jointing for connecting caps, GL 25/8 41242.03 1
Glass tube, straight, l = 80 mm 36701.65 1
One-way stopcock, straight 36705.00 1
Security bottle with manometer 34170.88 1
Water jet pump 02728.00 1
Rubber tubing, vacuum, di = 6 mm 39286.00 3
Hose clip, d = 12–20 mm 40995.00 2
Graduated cylinder, 50 ml 36632.00 1
Funnel, glass, do = 55 mm 34457.00 1
Glass rod, d = 8 mm, l = 8 mm 40485.06 1
Graduated vessel with handle, 1 l 36640.00 1
Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Acetone, 250 ml 30004.25 1
Glycerine, 250 ml 30084.25 1
Sodium chloride, chem. pure, 500 g 30155.50 1
Ice
Water

What you need:

Evaporative equilibrium P3030101

Chemical equilibrium LEC 03

What you can learn about

� Vapour pressure
� Enthalpy of vaporization
� Clausius-Clapeyron equation
� Trouton-Pictet rule



Set-up and procedure
Set up the experiment as shown in Fig. 1.
Equip the three-neck round flask with a one-way stopcock, a
short straight glass tube and a protective sleeve for temperature
probes as follows: Replace the two GL 25/12 gaskets with two
GL 25/8 gaskets. Fix the short glass tube in the middle neck of
the flask, connect it to an adapter with a short piece of silicone
hose (di = 7 mm) and connect the other end of the adapter to the
measuring probe of the digital manometer with a piece of thin
hose (di = 2 mm). Use a piece of rubber vacuum tubing to con-
nect the one-way stopcock attached to the second neck to the
safety bottle, and connect this to the water jet pump. Put a few
drops of acetone into the protective sleeve in the third neck to
improve heat transfer, then insert the temperature immersion
probe.
Fill the calorimeter with a mixture of ice and table salt, and mon-
itor the temperature of the mixture with a second temperature
immersion probe. Fill the round flask with 50 ml of acetone, but
do not yet immerse it in the freezing mixture. Set the water jet
pump in operation and evacuate the flask until the acetone
begins to boil. When this occurs, close the straight stopcock on
the round flask  and lower the flask into the freezing mixture. As
soon as the temperature has sunk below Ð5 ¡C, reopen the
straight stopcock for residual air to be removed from the flask.
When the pressure is approximately 50 hPa, close the straight
stopcock and carefully open the three-way stopcock on the
safety bottle to let air slowly flow in. Turn off the pump and read
the pressure in the round flask as shown by the digital manome-
ter. In the course of 10 minutes, it should rise maximally by two
hPa (otherwise check the connections for gas-tightness).

Increase the temperature in the round flask in steps of 2 to 3 ¡C
by adding water to the freezing mixture (stir the mixture well).
After each temperature increase, wait until evaporative equilibri-
um has re-established, then record both the temperature of the
acetone in the flask and the corresponding pressure. Continue
the experiment until a temperature of 20 ¡C has been reached.
Carefully let air into the flask by gradually opening the stopcock.

Theory and evaluation
A vapour is formed above a liquid until the two phases are in
equilibrium. The vapour formed is richer in energy than the liq-
uid, and occcupies a larger volume. The enthalpy of vaporization
� H is required to increase the internal energy and to perform
volume work. The temperature dependence of the vapour pres-
sure is described by the Clapeyron-Clausius equation:

(1)

where
p Vapour pressure in Pa
� vH Molar enthalpy of vaporization
Vg, Vl Molar volumes of the gaseous and liquid phases in

equilibrium
T Temperature in K

As neither � H nor � V are independent of temperature, we must
work with approximations. At a sufficient distance from the crit-
ical point (at which both � V and � H are equal to zero), � V for
the vaporizing process is practically equal to the volume of the
gaseous phase, as the volume of the liquid phase can be
neglected. When we limit ourselves to a relatively narrow tem-
perature range, then we can also assume that � H is tempera-
ture independent within this range. We can also assume that the
vapour acts as an ideal gas. We then have:

(2)

With

(3)

we obtain

(4)

Subsequent to indefinite integration, a linear form is obtained:

(5)

C Integration constant

To determine � vH , plot lnp against 1/T (Fig. 2). The slope of the
straight compensation lines is - � vH /R. Multiplication by the neg-
ative gas constant provides the desired enthalpy of vaporization.

Data and results
� vH = 35.93 kJ á mol-1 (Lit.: � vH (25 ¡C) = 30.99 kJ á mol-1);
� vH (56 ¡C, boiling point) = 29.10 kJ á mol-1
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Fig. 2: Plot of the logarithm of the vapour pressure against the
reciprocal temperature


	Back to summary

