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8.7: Gay-Lussac's Law- The Relationship Between Pressure and Temperature

Define the relationship between gas pressure and temperature, Gay-Lussac's Law.

A third gas law may be derived as a corollary to Boyle's and Charles's laws. Suppose we double the thermodynamic temperature of
a sample of gas. According to Charles’s law, the volume should double. Now, how much pressure would be required at the higher
temperature to return the gas to its original volume? According to Boyle’s law, we would have to double the pressure to halve the
volume. Thus, if the volume of gas is to remain the same, doubling the temperature will require doubling the pressure. This law
was first stated by the Frenchman Joseph Gay-Lussac (1778 to 1850). According to Gay-Lussac’s law, for a given amount of gas
held at constant volume, the pressure is proportional to the absolute temperature. Mathematically,

where  means “is proportional to,” and k is a proportionality constant that depends on the identity, amount, and volume of the gas.

In terms of two sets of data: . This equation is useful for pressure-temperature calculations for a confined gas at constant

volume. Note that temperatures must be on the kelvin scale for any gas law calculations (0 on the kelvin scale and the lowest
possible temperature is called absolute zero). (Also note that there are at least three ways we can describe how the pressure of a gas
changes as its temperature changes: We can use a table of values, a graph, or a mathematical equation.)

Gay-Lussac’s law tells us that it may be dangerous to heat a gas in a closed container. The increased pressure might cause the
container to explode, as you can see in the video below. The video shows very, very cold nitrogen gas in a bottle being warmed by
the air. Since the bottle's volume is relatively constant, as the temperature of the nitrogen gas (formed when the liquid nitrogen
boils) increases, so does the pressure inside the bottle until, finally, BOOM!

A container is designed to hold a pressure of 2.5 atm. The volume of the container is 20.0 cm , and it is filled with air at room
temperature (20°C) and normal atmospheric pressure. Would it be safe to throw the container into a fire where temperatures of
600°C would be reached?

Solution
Using the common-sense method, we realize that the pressure will increase at the higher temperature, and so:

This would exceed the safe strength of the container. Note that the volume of the container was not needed to solve the
problem.
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This concept works in reverse, as well. For instance, if we subject a gas to lower temperatures than their initial state, the
external atmosphere can actually force the container to shrink. The following video demonstrates how a sample of hot gas,
when cooled will collapse a container. A syringe barrel is filled with hot steam (vaporized water) and a plunger placed to cap
off the end. The syringe is then placed in a beaker of ice water to cool the internal gas. When the temperature of the water
vapor decreases, the pressure exerted by the vapor decreases as well. This leads to a difference in pressure between the vapor
inside the barrel and the atmosphere. Atmospheric pressure then pushes the plunger into the barrel.

Summary 
Gay-Lussac's law relates a gas's temperature and pressure at constant volume and amount.
In gas laws, temperatures must always be expressed in kelvins.
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