5.3 Gas laws

Ideal gas
Joule’s law U=U(T) (5.55)
Boyle’s law pV|r =constant (5.56)
Equation of state
V =nRT 5.57
(Ideal gas law) b ! (5:57)
pV? =constant (5.58)
-1 —
Adiabatic TV~ =constant (5.59)
equations T7p""=") = constant (5.60)
1
AWZVTI(PZVz—PlVl) (5.61)
Internal energy U= nR?; (5.62)
'}) —_—
Reversible
isothermal AQ=nRTIn(V,/V7) (5.63)
expansion
Joule expansion®  AS =nRIn(V,/V}) (5.64)
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1,2 initial and final states

heat supplied to system

AS change in entropy of the
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4Since AQ =0 for a Joule expansion, AS is due entirely to irreversibility. Because entropy is a function of state it

has the same value as for the reversible isothermal expansion, where AS=AQ/T.

Virial expansion

pV=RT(1+ BAT)
Virial expansion (5.65)
By(T) .
+ % +
Boyle By(Tg)=0 (5.66)
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Van der Waals gas

p  pressure
Vm molar volume
Equation of state <p+ 0l2) (Vi —b) =RT (5,67) R molar gas constant
Vm T  temperature
a,b van der Waals’ constants
T.= 8a/(27Rb) (5.68) T. critical temperature
Critical pOint Pc= Cl/(27b2) (5.69) pe  critical pressure
Ve =3b (5.70) Ve critical molar volume
Reduced equation 3 P =p/pe
of state (pr+l/2> 3V —1)=8T; 5.71) | Vi =Via/Vic
r T, =T/T.
Dieterici gas
p  pressure
RT —d Vm molar volume
Equation of state p= exp (5.72) | R molar gas constant
Vin—b' RTV, T4 )
emperature
d',b" Dieterici’s constants
T.=d / (4Rb/) (5.73) | Tc critical temperature
Critical point pe=d /(4b") (5.74) | Pe critical pressure
, Vme critical molar volume
Vine =2b (375) | ¢ —271828..
. . =p/pe
Reduced equation ¢ ( > P b
= €X 2— 5.76 Vi =Vi/Vine
of state Pr 2V, —1 p V. T, (5.76) T —T/T,
5 Di'eterici gas
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