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Sherman: A Lecture Demonstration Apparatus for Determining the Vapor Press

A LECTURE DEMONSTRATION APPARATUS FOR
DETERMINING THE VAPOR PRESSURE OF
WATER

LEO P. SHERMAN

The author has devised this apparatus to show to his classes an
experiment in which the vapor pressure of water is determined at
temperatures from room temperature up to nearly the boiling point
of water. At the right of Fig. 1 is the compact stand holding four
barometric tubes. This apparatus is portable and easily carried from
the storage cupboard to the lecture table. In addition to being used
for this specific experiment, it is also used to demonstrate that it
is air that holds up the column of mercury in a barometer. This is
easily shown by means of the barometer on the left of the stand.
‘The lower end of this barometer is immersed in mercury enclosed
in an eight-ounce bottle from which the air may be removed by
means of a water or vacuum pump. The second barometric tube from
the left is a standard barometer. The third tube is used to show the
vapor pressure of hydrated copper sulfate. It contains a small crystal
of hydrated or partially dehydrated copper sulfate on the surface of
the mercury. The tube on the right is the one used for this demon-
stration of the vapor pressure of water. It is enclosed in a water
jacket except at the lower end. This tube contains a small drop of
water on the surface of the mercury and the space above the mer-
cury therefore contains saturated water vapor. v

As the experinient is carried out in class a student is asked to read
the level of the mercury by means of the standard meter stick mount-
ed on the stand beside the barometer. At the same time the instruc-
tor reads the temperature of the water in the jacket surrounding the
barometric tube. There is a thermometer immersed in the water at
the top of the jacket. Water is pumped through this jacket by means
of a circulating pump, electrically driven. The pump is immersed in
water contained in an ordinary pneumatic trough and the water is
pumped through rubber connecting tubes into the lower side-arm of
the jacket and returned to the trough from the side-arm near the
top.

The water in the trough is heated by means of three Bunsen burn-
ers. The first reading of the mercury level is taken at the tempera-
ture of the unheated water and then readings are taken as the water
is heated. It has been found easier to take readings with every rise of
two degrees in the temperature of the water, except near the end
of the experiment, when readings may be taken at more frequent
intervals. The instructor has the measurements recorded on the black-
board as they are read off, and the students copy the data into their
notebooks. The pressure of the air is determined at the beginning of
the experiment by means of a standard barometer and recorded in
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Fig. 1.

The pump used by us is a moderate priced pump obtained from Arthur LaPine
& Co. of Chicago, Ill. We have found it very satisfactory and useful for many
other purposes. Until this pump became available recently, we used a Ford
water pump obtained from a used-parts man and for a motor a second-hand
washing machine motor. This was a very cumbersome piece of apparatus

https://scholarworkstiriied 1/gids/v 6153/i¢¢1y32eht pump and motor.
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millimeters of mercury on the board. The vapor pressure of the water
at the different temperatures is then obtained by subtracting the
reading of the mercury level from the reading of the standard baro-
meter.

The pressure of the saturated water vapor increases with rise of
the temperature; hence, as the temperature of the water circulating
in the jacket rises, the level of the mercury falls. This is clearly seen
by the students. The data in Fig 2 was collected in a class demon-
stration. Figure 2 shows the vapor pressure curve for water plotted
from the data shown on page 262,

Vapor Pressure Curve for Water
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Figure 2.

The students are asked to present a written report of this experi-
ment at the next class meeting. They are expected to make a sketch
of the apparatus used. label each part of the apparatus and explain
the use of each part. They are also asked to use the data collected
to make a vapor pressure curve for water as in Fig. 2 and to sub-
mit this curve and the data from which it was obtained as a part of
the written report.

It should be stated that it is not possible to carry the experiment
above 97.1 degrees because above this temperature the mercury falls
below the water jacket. Three Bunsen burners are used to heat the
water so that the experiment can be completed in forty minutes or
less. This allows time at the beginning of the hour for a discussion
of the experiment, method of collecting data, etc. It is admitted that
there are inaccuracies in the results because of the higher level of
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the mercury in the well at the end of the experiment than at the
beginning, and because of the mercury itself being heated to differ-
ent temperatures. However, it is believed that, since the results when
plotted approximate closely the vapor pressure curve for water, the
experiment is worthwhile. The students see the level of the mercury
fall as the temperature rises; they observe the collecting of the data.
Finally, by themselves plotting the data, they learn how the vapor

pressure curve for water may be obtained.
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