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11.1: The Ideal Gas Equation

The concept of an ideal gas is a theoretical construct that allows for straightforward treatment and interpretation of gases’ behavior.
As such, the ideal gas is a simplified model that we use to understand nature, and it does not correspond to any real system. The
following two assumptions define the ideal gas model:

& Definition: Ideal Gas

e The particles that compose an ideal gas do not occupy any volume.
o The particles that compose an ideal gas do not interact with each other.

Because of its simplicity, the ideal gas model has been the historical foundation of thermodynamics and of science in general. The
first studies of the ideal gas behavior date back to the seventeenth century, and the scientists that performed them are among the
founders of modern science.

Boyle’s Law

In 1662 Robert Boyle (1627-1691) found that the pressure and the volume of an ideal gas are inversely related at constant
temperature. Boyle’s Law has the following mathematical description:

1
P v at const. T, (11.1.1)
or, in other terms:
PV =k; atconst. T, (11.1.2)

which results in the familiar PV plots of Figure 11.1.1 As we already discussed in chapter 2, each of the curves in Figure 11.1.1
is obtained at constant temperature, and it is therefore called “isotherm.”
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Figure 11.1.1: PV-Diagram of an ideal Gas.
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Charles’s and Gay-Lussac’s Laws

It took scientists more than a century to expand Boyle’s work and study the relationship between volume and temperature. In 1787
Jacques Alexandre César Charles (1746—1823) wrote the relationship known as Charles’s Law:

VT atconst. P, (11.1.3)
or, in other terms:
V =k,T atconst. P, (11.1.4)

which results in the plots of Figure 11.1.2 Each of the curves is obtained at constant pressure, and it is termed “isobar.”
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Figure 11.1.2: VT-Diagram of an ideal Gas.

The interesting thing about isobars is that each line seems to converge to a specific point along the temperature line when we
extrapolate them to V' — 0. This led to the introduction of the absolute temperature scale, suggesting that the temperature will
never get smaller than —273.15°C.

It took an additional 21 years to write a formal relationship between pressure and temperature. The following relationships were
proposed by Joseph Louis Gay-Lussac (1778-1850) in 1808:

PxT atconst. V, (11.1.5)
or, in other terms:
P =Fk3T atconst. V, (11.1.6)

which results in the plots of Figure 11.1.3 Each of the curves is obtained at constant volume, and it is termed “isochor.”
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Figure 11.1.3: PT-Diagram of an ideal Gas.

Avogadro’s Law
Ten years later, Amedeo Avogadro (1776-1856) discovered a seemingly unrelated principle by studying the composition of matter.
His Avogadro’s Law encodes the relationship between the number of moles in an ideal gas and its volume as:

Vxn atconst. P,T, (11.1.7)

or in other terms:

V =ksn atconst. P, T, (11.1.8)

The ideal gas Law
Despite all of the ingredients being available for more than 20 years, it’s only in 1834 that Benoit Paul Emile Clapeyron (1799—
1864) was finally able to combine them into what is now known as the ideal gas Law. Using the same formulas obtained above,
we can write:

PV = kgT . k4n, (1119)

from Gay-Lussac’s from Avogadro’s

which by renaming the product of the two constants k3 and k4 as R, becomes:
PV =nRT (11.1.10)

The value of the constant R can be determined experimentally by measuring the volume that 1 mol of an ideal gas occupies at a
constant temperature (e.g., at 7'=0°C) and a constant pressure (e.g., atmospheric pressure P =1 atm). At those conditions, the
volume is measured at 22.4 L, resulting in the following value of R:

vpP 22.4-1 Latm
R= nT  1-273 =0.082 mol K’

(11.1.11)

which a simple conversion to SI units transforms into:
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R=28.31 .
mol K

(11.1.12)

This page titled 11.1: The Ideal Gas Equation is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Roberto
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