Thermodynamics

Isotherms of ideal gases
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Isotherms of gases: p(V) curve at constant temperature
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An isothermal process is a change of a system in which the
temperature remains constant: AT = 0.

A hypothetical gas whose molecules exhibit no interaction and
undergo elastic collision with each other and with the walls of the
container

Source: Boundless. “Isotherms.” Boundless Physics. Boundless, 26 May. 2016. Retrieved 30
Jul. 2016 from https://www.boundless.com/physics/textbooks/boundless-physics-
textbook/temperature-and-kinetic-theory-12/ideal-gas-law-104/isotherms-375-6313/
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P xV = const. xT

Lower temperature: the isotherm is getting closer to the axes, but
keeping the hyperbolic shape (since p V = constant always)
Source: Boundless. “Isotherms.” Boundless Physics. Boundless, 26 May. 2016. Retrieved 30

Jul. 2016 from https://www.boundless.com/physics/textbooks/boundless-physics-
textbook/temperature-and-kinetic-theory-12/ideal-gas-law-104/isotherms-375-6313/

Isotherms of real gases
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high temperature: nearly hyperbolic (nearly ideal gas)
lower temperature: distorted hyperbolic function


https://www.boundless.com/physics/textbooks/boundless-physics-textbook/temperature-and-kinetic-theory-12/ideal-gas-law-104/isotherms-375-6313/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/temperature-and-kinetic-theory-12/ideal-gas-law-104/isotherms-375-6313/
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Significance of the critical temperature: if the temperature is higher,
The gas cannot be liquefied by compression

VE=3-b

pS=a/27-b’

T°=8-a/27-R-b

Critical isotherm: a point having horizontal tangent appears (critical
point)

Critical temperature: temperature of the critical isotherm

Critical pressure: pressure belonging to the critical point

Critical molar volume: molar volume belonging to of the critical point

Kinetic energy and temperature
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Average kinetic energy of the gas molecules depends on the average mass
and velocity.
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KE,, = 3Nsmu

KE =PV =nRT
IN THE SAME TIME PV=1/3 M u?
For that

KEavg = ¥aNamu?
Na is Avogadro’s number.
KEayg = (3/2) RT
R gas constant = 8.314 J/mol - K.
1J=1kg - m?s?



Na - mass = molar mass in kg/mol

Simplifying the equation relating temperature and Kinetic
energy gives
1 — 3
—mv°® =—
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1-Root Mean Square Speed (vims) and the average of Root Mean Square

Speed Vo

keT

12 rms M
2-Most Probable Speed Vi

v, [2keT _ 1 4q [keT
m m

3-Graham’s Law of Effusion

For two different gases at the same T, the ratio of their rates of
effusion is given by the following equation:
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Important note:

1-1f n Is the number of moles contained in a
sample of any substance, N is the number of



molecules, Msam is the mass of the sample, m
IS the molecular mass, and M is the molar
mass, then

n = L’ \l = ,”;\"\. = ~\l_\';lm — ‘\l.\;l'm ‘
Na ' M mN,

2-from law of gas PV=n RT we can remember
that:

pV = NkT (ideal gaslaw).

Here. £ 1s the Boltzmann constant, and Nthe number of molecules.

R 8.31 J/mol-K o
K= = — = 1.38 X 1t "JK.
Ny» _ 6.02 X 102 mol~! ’

3-the relation between the three types of
speeds:

2RT kT’

Vp = v (most probable speed). =141, [—

: N m

SRT kT
Verg = ~1.59, |~
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3RT
Veims — ’ (rms speed). —1.73 k_T
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