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The perfect gas

1.1  The states of gases1.1  The states of gases

General form for an equation of state

:  pp = = f f ((TT, , VV, , nn))

Four variables specifying the state  

:  VV (volume), nn (amount of substance or number of moles), 
pp (pressure), TT (temperature)
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The perfect gas
< Pressure ;  < Pressure ;  p >p >

- Definition : A force divided by the area to which the force is applied

- The origin of the force exerted by a gas : the incessant battering of 
the molecules on the walls of its container

- Unit (Table 1)
1 Pa = 1Nm-2 (in SI) = 1 kgm-1s-2 in (mks), 
Standard pressure: 1 bar = 105 Pa 

- Mechanical equilibrium (Fig. 1.1)
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<Temperature ; <Temperature ; TT>>
- Definition : The property that indicates the direction of the flow of energy through a thermally 

conducting, rigid wall
- Two types of boundary separating the objects: diathermic and adiabatic
- Thermal equilibrium : No change occurs even though the two objects are in contact through a 

diathermal boundary
- Zeroth(0th) Law of thermodyanamics : If A is in thermal equilibrium with B, and B is in thermal 

equilibrium with C, then C is also in thermal equilibrium with A

The perfect gas



Seoul National UniversitySeoul National University

1.2 The gas laws1.2 The gas laws

(a) The perfect gas law

BoyleBoyle’’s laws law : pVpV = constant (at constant = constant (at constant nn, , TT))
CharlesCharles’’s law (or Gays law (or Gay--LussacLussac’’ss law)law) : VV = constant = constant ×× TT (at constant (at constant nn,  ,  pp))

pp = constant = constant ×× TT (at constant (at constant nn, , VV))

Examples of a limiting law
: Valid only at low pressures in real gases, i.e., p→ 0 

AvogadroAvogadro’’s principles principle : VV = constant = constant ×× nn (at constant (at constant pp and and TT))

The volume of a gas is proportional to n and the proportionality constant is    
independent of the gas species.

The perfect gas
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BoyleBoyle’’s law : s law : 

pVpV = constant = constant 
( ( at constant T)at constant T)

The perfect gas
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The perfect gas

CharlesCharles’’s law s law 
(or Gay(or Gay--LussacLussac’’ss
law): law): 

VV = constant = constant ×× TT
(at constant p)(at constant p)

oror

pp = constant = constant ×× TT
(at constant V)(at constant V)
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The perfect gas

pVpV = constant = constant ×× nTnT
= = nRTnRT

: The gas constant
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(b) Mixtures of gases

DaltonDalton’’s law s law : The pressure exerted by a mixture of gases is the sum of the  
partial pressures of the gases

The partial pressure of a perfect gasThe partial pressure of a perfect gas : The pressure that would exert if it             
occupied the container alone at the same temperature

Total pressure, p = pA + pB + ….  where, for each gas J, ppJJ = = nnJJRTRT//VV

Partial pressure, pJ = xJp, true for any gas (not just a perfect gas)

Mole fraction of the component J, xJ = nJ/n,  n = nA + nB + …. 

pA + pB + … = (xA + xB + …)p = p,  true for both real and perfect gases

The perfect gas



Seoul National UniversitySeoul National University

Real gases show deviations from the perfect gas law particularlyReal gases show deviations from the perfect gas law particularly at high  pressures at high  pressures 
and low temperatures especially when a gas is on the point and low temperatures especially when a gas is on the point of condensing to liquid.of condensing to liquid.

Why? Due to an interaction between moleculesWhy? Due to an interaction between molecules

1.3 Molecular Interactions1.3 Molecular Interactions
(a) The compression factor, Z

ZZ = = VVmm//VVmm
oo,,

pVpVmm = = RTZRTZ

Z = 1 for a perfect gas : at very low pressures (Vm
o: molecular volume of a perfect gas)

Z > 1 at high pressures : repulsive pressures are dominant (Vm > Vm
o) 

Z < 1 at intermediate pressures : attractive forces are reducing the molar volume  
relative to that of a perfect gas

Real gases
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Real gases

Compression factorCompression factor

ZZ = = VVmm//VVmm
oo

pVpVmm = = RTZRTZ

for a real gas of 1 molefor a real gas of 1 mole



Seoul National UniversitySeoul National University

Real gases
(b) Virial coefficients

pVm = RT(1 + B’p +C’p2 + …) 
= RT(1 + B/Vm + C/Vm

2 + …)   
: Virial equation of state

dZ/dp = B’ + 2 pC’ +…→ B’
as   p→ 0
dZ/d(1/Vm) → B
as Vmm→∞, corresponding to p→ 0
B = 0 at Boyle temp., TB
pVmm = RT over an extended range of     
pressures

(c) Condensation
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Real gases

(d) Critical constants

At the critical point,
Pc ,  Tc ,  Vc ,  Zc

Supercritical fluid
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Real gases

1.4 The van 1.4 The van derder WaalsWaals equationequation

The approximate equation of state 

p = nRT/(V- nb) – a(n/V)2

= RT/(Vm-b) – a/Vm
2

or       (p + an2/V2)(V-nb) = nRT

where, a, b : van der Waals coefficients



Seoul National UniversitySeoul National University

Real gases

(a) The reliability of the equation



Seoul National UniversitySeoul National University

Real gases



Seoul National UniversitySeoul National University

Real gases
(b) The features of the van der Waals equation

(1) Perfect gas isotherms are obtained at high T and large Vm

(2) Liquids and gases coexist when cohesive and dispersing effects are in balance
(3) The critical constants are related to the van der Waals coefficients
- The critical point is located at an inflection of van der Waals loops

- dp/dVm = 0, d2p / dVm
2 = 0 → Vc = 3b, pc = a/27b2, T c = 8a/27Rb

- Then Zc (critical compression factor) = pcVc/RTc = 3/8 (= 0.375)



Seoul National UniversitySeoul National University

1.5 The principle of corresponding states1.5 The principle of corresponding states

Real gases

Reduced variables

Pr = p/pc

Vr = Vm/Vc

Tr = T/Tc

The observation that real gases at 
the same reduced volume and 
reduced temperature exert the  
same reduced pressure
→ works for spherical molecules, 
but fails for non-spherical or polar 
molecules


