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Vapour pressure of water at high temperature
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Difficulty level Group size Preparation time Execution time

hard 2 10 minutes 30 minutes
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Liquid-gas transition can be seen in our everyday life, such
as in cooking and formation of clouds. Practically its
measurements and applications of heat of evaporation of
liquid-gas transition are important in chemistry, chemical
engineering and meteorology, for example in separation
and purification of chemical compounds, vacuum
evaporation and to identify climate change.

6 Concentrate

Water distillation
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Other information (2/2) PHYWE
Learning Understanding the relationship between vapour pressure and temperature for water
objective
Tasks 1. To measure the vapour pressure of water as a function of temperature.
2. To calculate the heat of vaporisation at various temperatures from the values
|__:? measured.

3. To determine boiling point at normal pressure by extrapolation.
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Safety instructions
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For this experiment the general instructions for safe experimentation in science lessons apply.

For H- and P-phrases please consult the safety data sheet of the respective chemical.

Do not let heating apparatus come into contact with moisture.

Theory (1/5)
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Vapour pressure curve: water
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The thermal energy which must be taken up by
one mole of liquid, to vaporise at constant
temperature is called the molar heat of
vaporisation A ..

At a given temperature T' resp. ) in degrees
Celsius there is a vapour pressure p at which
liquid and gaseous phase are in equilibrium.
When a liquid boils the vapour pressure is
equal to the external (atmospheric) pressure.
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The Clausius-Clapeyron differential equation

dp A
ﬁ o T(%ap. - ‘/lzq) (1)

where V,q, and Vj, are the molar volumes of vapour and liquid respectively and A is the heat of phase
transition, applies here to the binodal curve bounding two phases.
The phase equilibrium when T and p are constant is governed by the function

G=U+pV-TS (2)

where G = free enthalphy, U = internal energy, S = entropy.

Theory (3/5) PHYWE
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Along the binodal curve

Gl (Tap) = G2(T7p) (3)
or in differential form
G, dG G, dG
(45— 2B ) dp+ (%5 — 92) aT =0 @)

P, =6.1hPa ;9 =0.01"C

P, =22.12MPa ; 9, = 374.2°C
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With

dg dg
ﬁ_—Sandﬁ_V (5)
It follows from (3) that

(Va =Vi)dp = (S2 — S1)dT (6)

The difference in entropy between the two phases can be expressed by the reversible latent heat of
transformation

A
S =S =75 (7)

(6) and (7) together give (1) for the binodal curve between the liquid and the vapour phase.

Theory (5/5) PHYWE
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At low vapour pressures p < pc , Viiq. < Viqp. €an be disregarded. In this range the vapour behaves very
like an ideal gas and

RT
‘/vap. = (8)
where R =8.3141 J/(K-mol), the universal gas constant. From (1), therefore:
. 4r 9)
Assuming A to be constant, by integrating we obtain the Van't Hoff equation
A 1

lnp:—ﬁ-f+const . (10)
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Equipment
Position Material Item No. Quantity
1 High pressure vapour unit 02622-10 1
2 Heat conductive paste, 60 g 03747-00 1
3 Heating apparatus for glass jacket system 32246-93 1
4 Pipette with rubber bulb, long 64821-00 1
5 Tripod base PHYWE 02002-55 1
6 Boss head 02043-00 1
7 Support rod, stainless steel, | = 250 mm, d = 10 mm 02031-00 1
8 Lab thermometer,-10..+250C 38065-00 1
7111
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Additional equipment PHYWE
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Position Material Quantity
1 Distilled water 1

PHYWE

excellence in science

Setup and procedure

8/11

pH‘lWE Robert-Bosch-Breite 10 Tel.: 0551 604 - 0 info@phywe.de
excellence in science 37079 Géttingen Fax: 0551 604 - 107 www.phywe.de



P2340100 curriculLAB® | sHvwe
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Set up the experiment as shown in the figure.

Experimental set-up

Procedure PHYWE

excellence in science

Fill the high pressure steam unit with distilled water, with the aid of a pipette, ensuring that there are no air
bubbles in the line leading to the pressure gauge.

Now screw the vessel together carefully (the lead seals may need replacing).

The unit is fastend with a bosshead and lays on the electric heater. Put the thermometer in the hole
provided, which should be filled with heat conductive paste.

Heat the pressure vessel until the gauge reads 4 MPa 40 bar. Now switch off the heater and record the
pressure and temperature as the equipment cools down.

Check the locking screws from time to time while the equipment is being heated and cooling down and
tighten them if necessary.
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Evaluation (1/3)
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Evaluation (2/3)

Heat of vaporisation (water)

o Molar Specific
9/°C /10 Jmol =t A/ Jgt
220 36.2 2012
170 38.2 2126

Heat of vaporisation of water
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The semi-logarithmic plot of the measured
values shows an almost linear relationship
betweenInp and 1/T .

By extrapolating the straight line in the low
temperature range we can read off the boiling
point of water at normal pressure, T;, The
measurements we have taken give:

% =97 °C

The boiling point determined by extrapolation
is too low because the curve for inp = f(T) is
slightly convex owing to differences in the heat
of vaporisation.
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By fitting to a regression line in the ranges
190°C - 250°C and 150°C - 190°C, for
example, we obtain the heat of vaporisation at
220°Cand 170°C.
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Evaluation (3/3)

Fill in the missing words

Molar heat of vaporisation is the thermal energy which

must be taken up by one [: of liquid, to vaporise
at constant temperature. Specific heat of vaporization is

defined as the amount of heat needed to vaporise one

[: of a liquid at constant temperature of the

liquid.
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Slide 18: Multiple tasks
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The heat of vaporization always has
values.

O positive
O positive and negative

O negative

& Check

Score/Total

@& Show solutions
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