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Questions

How does gasO0OSsS pressure ¢
and volume?

Why do gases have pressure? Why pressure
Increases when temperature increases?

How fast are the gas molecules moving?

Why do you feel cold if you are wet in a rain,
particularly when it is windy?

How do you make an ice tea”? How do you determine
its final temperature?
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Goals for Chapter 18

A To study equations of state

A To consider the kinetimolecular model of an
Ideal gas

A To consider molecular speeds

A To study phase change of matter and latent heat
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Equations of state for Ideal Gases

They follow P =k—

wherek is called the Boltzmann constant:
Boltzmann Constant, k
k=138 x 102?J/K

SI unit: J/K

Equation of state:

Equation of State for an Ideal Gas

PV = NkT

A mole is the amount of a substance that contains as many
elementary entities as there are atoms in 12 g of cdarbon
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|deal Gases

The number of entities (atoms or molecules) in a mole is given
by Avogadrods number

Avogadro's Number, N
Nj = 6.022 X 10% molecules/mol

SI unit: mol ™ : the number of molecules is dimensionless
Thereforen moles of gas will contailN=nN, molecules.

Universal Gas Constant, R

R = Npk = (6.022 X 10% molecules/mol)(1.38 x 1072°J/K)
= 8.31]J/(mol + K)

SI unit: J/(mol - K)

Equation of State for an Ideal Gas

PV = nRT

Copyright © 2008 Pearson Education Inc., publishing as Pearson Addfissley



gPV) curves at constant temperatur® isotherms

Each curve represents pressure as a function of
volume for an ideal gas at a single temperature.

p For each curve, pV is constant
and 1s directly proportional to T
(Boyle’s law).
I
T
I
0 vV

RV = PVs

(fixed number of molecules, N; fixed temperature, T)
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|deal Gases
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(fixed number of molecules, N; fixed pressure, P)
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Atomic/molecular collisions and pressure

A The number of collisions with
A during timedtis

1

N -
— v, | dt
Z(ij Jdt

Momentum change

~ NAmydt

1( N
dB =—| — [@]v, |dt €m]|v
=5l @i ldmiy =M

Wall /_.,.:',', ~—C ylinder:
_ i g volume A |v |dt

All molecules are assumed to have the same
magnitude |v,| of x-velocity.

The force due to the momentum change

= _dR _ NAMY So the pressure
T dt V

p_FX_ X
A
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How fast do atoms/molecules move?

A Nature has no preference on direction. That is

¢ -te

1 ~
V==Nl=m€
P 13[2 (ﬂi

Therefore
pV:EK
3
1 ,~ 3 3
K=—Nm =—NkT==nRT
2 in 2 2

Rootmeansquare speed

= m M
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The Maxwell-Boltzmann Distribution
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The positions of (s), (I), and (g) are plotted on phase diagrams

A Lines are drawn for freezing, melting, and boiling curves on a |
axis.
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Latent Heats

Phase change needs heat exchange. The heat required to
convert 1 kilogram of a substance from one phase to another
Is called the latent heat.

Definition of Latent Heat, L
Q = mL
SIunit: | /kg

| L, |
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Latent Heats

The latent heat of fusion is the heat needed to go from solid to
liquid; the latent heat of vaporization from liquid to gas.
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