























































































































As the average kinetic energy increases, there will be a corresponding increase in the force
exerted by the gas molecules as they collide with the walls of the container. This increase in the
average force exerted on the walls of the container results in an increase in the measured gas
pressure. If we expressed the gas temperature in terms of the Kelvin scale, we would find that
(at constant volume) there will exist a direct, linear relationship between gas temperature and
gas pressure.

temperature scale wil

An example of this relationship which you may have observed occurs when a car is driven for
several miles on a hot day. Because of the temperature of the road and the friction between the
tires and the road, the tires get warm, which causes the pressure in the tires to increase. This is
why you are told to check the tire pressure before you start to drive, rather than after you have
driven for a while.

The following relatively simple device (see Figure 1 on page 31) can be used to aid our
understanding of the kinetic theory and to allow us to experimentally determine the
relationship between the temperature and the pressure of a gas held at a constant volume. A
given weight of some gas (having an initial temperature equal to T1 and an initial pressure
equal to P1) is placed into a constant volume cylinder.

If the gas in the cylinder is now heated to a new temperature (T2), the kinetic energy of the gas
molecules will increase, resulting in an increase in the gas pressure. The net result is an
increase in gas pressure resulting from an increase in gas temperature (see Figure 2 on page
31).

The nature of the temperature/pressure relationship is such that a given incremental change in
temperature will produce a corresponding incremental change in pressure. We will see that the
actual curve formed by our plotted experimental data will be linear.

The concept of linear data and non-linear data should be discussed if it has not alres
been cgvérjedf ‘ T

The following equation shows the relationship that exists between the temperature and the
pressure of a gas:

P=kT

where

P = gas pressure in atmospheres
T = gas temperature in degrees Kelvin
k = a constant that takes into account the weight and the volume of the gas

When experimenters were first investigating the relationship between the pressure and the
temperature of a gas held at a constant volume, they were surprised to find that their results
indicated that the gas pressure would go to zero if they could reduce the temperature to

—273 C. Of course, in reality the gas temperature could never be reduced to —273 C, because
the gas would first change to a liquid and then to a solid before that temperature could be
reached. But their findings led them to wonder if there was a lower limit to the absolute value
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Gas pressure = P1

Gas volume = V1 ' Piston
Gas temperature = T1
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Figure 1. Initial conditions on experimental device.
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Figure 2. Effect of increased temperature.
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of temperature that might be obtained. If there was, this temperature could then be defined as
absolute zero, and the temperature at absolute zero could be set equal to —273 C.
Subsequently, a new temperature scale was defined (the Kelvin scale) based upon this concept
of an absolute zero temperature. One degree on the Celsius scale is equal to one Kelvin on the
absolute scale and the two scales are related by the following equation:

T=C + 273

where

T = the Kelvin temperature
C = the Celsius temperature
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Kinetic Theory
Summary Quiz

MOTION

. The kinetic theory was developed to describe the of particles.

 The KINETIC

gas.

. If the temperature of a gas is increased, the kinetic energy of the gas will

INCREASE

. If the kinetic energy of a gas decreases, the pressure exerted by the gas on the container

walls will DECREASE

. If you released a helium-filled balloon, you would expect the balloon to

DECREASE

in diameter as it rose into cooler air.

273

. Zero degrees on the Celsius scale is equal to degrees on the Kelvin

scale.

energy of a gas molecule is related to the temperature of the
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Kinetic Theory
Experimental Procedure

Before beginning the Kinetic Theory Experimental Procedure, follow the loading instructions
and make at least five copies of the Kinetic Theory Data Worksheet.*

In this experiment, you will determine the relationship between temperature and pressure of
an ideal gas held at constant volume. At the beginning of the experiment, read the instructions
and press (ENTER) to continue until you see the Part 1 experimental apparatus.

The first step in the experiment is to introduce a known quantity of gas into a cylinder. When
you get to Part 1, the screen will contain a cylinder with an input port and a relief port. The
input port allows gas to enter the cylinder when you wish to increase the quantity of gas, and
the relief port releases gas from the cylinder when you wish to reduce the quantity. Use the
and (1) keys to introduce gas into the cylinder. You may add no less than one and no more than
19 moles of gas.

After you introduce the desired amount of gas into the cylinder, press to continue until
you see the experimental apparatus for Part 2 of the procedure. As you can see, the cylinder is
above a flame, which can be raised or lowered to increase or decrease the temperature. The
thermometer next to the cylinder measures the temperature of the gas.

The gas temperature will initially be equal to 400 degrees Kelvin, and you will be able to
increase or decrease the temperature using the (1) and keys. There is a direct relationship
between the temperature (T) and the pressure (P) of the gas: as the temperature decreases, the
pressure will decrease. Also, larger quantities of gas produce larger increments in pressure for
a given change in temperature.

You will plot the pressure of the gas as a function of the temperature of the gas. To do this,
increase and decrease the temperature using the and (1) keys, and press the (8) key after
each change in temperature to store each set of data.

When you have stored all eleven sets of data, press to see the Data Table. Record this
data on your Data Worksheet. Since the pressure will be a function of the quantity of gas that
you placed in the cylinder, you will need to scale the y axis before you graph this data on your
worksheet. See page 36 for the appropriate scaling factors for each quantity of gas, and page 35
for a Sample Data Worksheet that has been prepared for a quantity of gas equal to 10 moles.

When you have finished plotting your data on the Data Worksheet, connect the points to form a
smooth curve, and then press (ENTER) to see the computer’s graph of the eleven data points. Your
plotted data should look comparable to what is plotted on the video display.

Using a new Data Worksheet, repeat this procedure for several other quantities of gas.

* If you have not yet reviewed the section headed “HOW TO USE THE TRS-80
CHEMISTRY LAB, VOLUME I,” you should do so at this time.
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Kinetic Theory
Sample Data Worksheet

Gas Quantity 10 Moles
Data Gas Gas Data Gas Gas
Set # Temp. Pressure Set # Temp. Pressure
1 400 32.80 6 350 28.70
2 390 31.98 7 340 27.88
3 380 31.16 8 330 27.06
4 370 30.34 9 320 26.24
5 360 29.52 10 310 25.42
11 300 24.60
33
A
32
31 1
30 >
29
28
Pressure 27 P
(atm)
26 pad
25 4
V/
24
23
22
21
20

300 310 320 330 340 350 360 370 380 390 400

Gas temperature (degrees Kelvin)
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