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States of Matter:
Thermodynamic characteristics of a substance

Physical Compound
mass

volume
energy

pressure
temperature

density
specific heatentropy
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Phase and State Relationships

Thermodynamic
state variables
determine the
phase of the
system and the
particle.

What is the
relationship?
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Units for thermodynamic states Formulas
Q=mCΔT

pV=nRT

U=Q-W

J,kg,K

J,mol,K

J
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Ideal Gases

Ideal Gas Equation:
pV=nRT R=8.314 J/mol·K

What relationship is described by the equation?

Very low force of attraction between particles‣
High Temperatures‣
Low Pressures‣
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Kinetic Molecular Model:

http://www.pitt.edu/~jdnorton/Goodies/Einstein_stat_1905/kinetic%20gas%20animation.gif

The Temperature of an ideal is
gas related to its Kinetic Energy

Ktr=3/2nRT
Entire System

1/2m(v2)av=3/2kT
Single Molecule

Temperature, Heat, & Kinetic Energy are
interdependent!
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Molecular Speeds

(v2)av = (v2)x + (v2)y + (v2)z
http://www.tannerm.com/images/maxboltz2.gif

f(v) =  4π (m/2πkT)
3/2 v2 e-v2m/2kT

∫0
∞  f(v) dv = 1

If we account for all
velocities, we should

expect to account for all
particles 1/3(v2)av =

(v2)x
Explains phase temperature relationship
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Heat Capacities

Cv=
3/2R

Determined by the degrees of freedom

dQ=nCvdTdKtr=3/2nRdT

1/2m(v2)av =∑1
n

(1/2kTn)

Demonstrates the kinetic molecular model

k = R/NA = 8.314 J/mol·K ÷ 6.022 x 1023 molecules/mol

pV=NkT
k = 1.381 x 10-23 J/molecule·K

n=3
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Summary
State variable★
State vs Phase★
Ideal Gas Equation★
Kinetic Molecular Model★
Molecular Speeds★
Heat Capacities★
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