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Comparison of Van der Waal Isotherms and Experimental Isotherms

 P-V diagram for Van der Waal equation of state is plotted and compared with that of experimental results 

of Andrew’s experiment. It is observed that except the region of liquid +Vapor (central part of Andrew’s 

experimental P-V curve) all features are same.
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Fig 1 – P-V plot 



Explanation about the P-V Plot
 1. In the above plot it is observed that horizontal portions, present in experimental 

isotherms, which are absent in Van der Waal isotherms. Van der Waal isotherms include 

continuous sinusoidal curve. They include maxima and minima as shown in fig.

 2. Locus of minima and maxima of all isotherms is also curve which is parabolic. It has 

vertex at critical point. 

 3. Consider the portion ABCDE of isotherm at 13.1C. It is observed that initially if 

pressure increases rapidly and volume decreases for AB portion as shown in fig. 

 4. James Thomson explained the nature of this portion on the basis of continuity of gas 

and liquid.

 5. Gas can be cooled at high pressure and here, vapor and liquid coexist together. This 

portion is called as super-cooling state of the gas and it is highly unstable. 

 6. Similar observations are at ED . At this state liquid can be boiled at high pressure 

before attaining boiling point. 

 7.This is called superheating of the liquid and it is also unstable state.

 8. Portion BCD where pressure and volume decreases together, could not be explained 

and this is not observed in practice. 
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Boyle Temperature and its derivation 
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Important formulas for solving problem

1. Critical Volume VC = 3b (b – Van der Waal constant)

2. Critical Pressure 𝑃𝐶 =
𝑎

27𝑏2
(a – Van der Waal constant)

3. Critical Temperature𝑇𝐶 =
8𝑎

27𝑏𝑅
(R- gas constant)

4. Critical coefficient  
𝑅𝑇𝐶

𝑃𝐶𝑉𝐶
= 2.667

5. Boyle’s Temperature 𝑇𝐵 =
𝑎

𝑏𝑅

6. Van der Waal constant b=4nx ( x= volume of the molecule = 
4

3
𝜋𝑟3 ).



Problems on Behavior of real gas

 2. The critical volume of oxygen is 2.35cc/gm. If a = 9.410-2 Nm4/mol2 .Calculate critical 
pressure and critical temperature. Given molecular weight of oxygen =32 and R = 8.4J/mol. 
Kelvin .

 Solution : Given VC = 2.35cc/gm=2.35 10-3 m2 /kg, 

a = 9.410-2 Nm4/mol2 , Molecular weight = 32, R = = 8.4J/mol. Kelvin .

In moles critical volume VC =2.35 10-3  32 m3 /mole. Since VC = 3b 

So ⸫ b = VC/3 = 2.35 10-3  32 /3 = _________

𝑃𝐶 =
𝑎

27𝑏2
=

9.410−2

27×
2.35 10−3  32

3

= ________________.

𝑇𝐶 =
8𝑎

27𝑏𝑅
=

8×9.410−2

27×
2.35 10−3  32

3
×8.4

= ________
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 3. Calculate the Van der Waal constants for dry air; given that critical pressure = 

37.2atmos. , critical temperature =132K, R per mole = 82.07 c.c. atm./K

 Solution: Given 𝑃𝐶 =
𝑎

27𝑏2
= 37.2, 𝑇𝐶 =

8𝑎

27𝑏𝑅
= 132K. 

𝑏 =
𝑅𝑇𝐶

8𝑃𝐶
=

82.07×132

8×37.2
= 36.41𝑐𝑚3.

Squaring 𝑇𝐶 and dividing it by𝑃𝐶 we get       
𝑇𝐶
2

𝑃𝐶
=

8𝑎

27𝑏𝑅

2

𝑎

27𝑏2

=
64×𝑎

27×𝑅2

So 𝑎 =
27×𝑅2×𝑇𝐶

2

64×𝑃𝐶
=

27×82.072×1322

64×37.2
= 13.31 × 106 𝑎𝑡𝑚. 𝑐𝑚−4.

10



 4.  Calculate the Boyle temperature and the critical temperature for helium using 
the following data,

 a = 3.5910-3 Nm4mol-2 . , VC =7.23 10-5 m3 /mole, and R = 8.4J/K. mole.

 5. One mole of gas obeying Van der Waals equation of 0C occupies 550cc of 
volume. Calculate the pressure exerted by it. Given a = 0.37 Nm4mol-2, 

b = 43 10-6 m3 /mole, R = 8.31J/K. mole.,( 550cc = 550cm3=55010-6 m3

Solution : Van der Waal equation of state : 𝑃 +
𝑎

𝑉2
𝑉 − 𝑏 = 𝑅𝑇

∴ 𝑃 =
𝑅𝑇

𝑉−𝑏
−

𝑎

𝑉2
. T=273K, V = 550cm3=55010-6 m3

6. The critical volume of hydrogen 37.6 cc/g. Calculate molecular diameter. 
Avagadro’s number = 6.023 1023/mol. 

Solution: Molecular weight of hydrogen – 2  gm , N = 6.023 1023 so in 1 gm no. of 

molecules is    
6.023 1023

2
.  N for 1 gm -

6.023 1023

2

VC =3b = 3 4 N x      (x= volume of the molecule = 
4

3
𝜋𝑟3) , so 𝑥 =

VC

3 4 N
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