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Chapter - 7 

Molecular Collisions 

 
 

 

Que1: Define mean free path for a molecule/particle. 

 

Ans: In physics, the mean free path is the average distance traveled by a moving 
particle (such as an atom, a molecule, a photon) between successive impacts 
(collisions), which modify its direction or energy or other particle properties. 

Que2: Derive an expression for number of collisions for a gas molecule in a given 

volume. 

Ans: 

 

 
 
 
 
 
 
Que3 : Estimate Mean Free Path using Kinetic Theory of gases. 
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Ans: The mean free path or average distance between collisions for a gas molecule 
may be estimated from kinetic theory. Serway's approach is a good visualization - if the 
molecules have diameter d, then the effective cross-section for collision can be modeled 
by 

 
using a circle of diameter 2d to represent a molecule's effective collision area while 
treating the "target" molecules as point masses. In time t, the circle would sweep out the 
volume shown and the number of collisions can be estimated from the number of gas 
molecules that were in that volume 
                           

 
The mean free path could then be taken as the length of the path divided by the number 
of collisions. 
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The problem with this expression is that the average molecular velocity is used, but the 
target molecules are also moving. The frequency of collisions depends upon the 
average relative velocity of the randomly moving molecules. 
 
The problem with this expression is that the average molecular velocity is used, but the 
target molecules are also moving. The frequency of collisions depends upon the 
average relative velocity of the randomly moving molecules. 

                               
which revises the expression for the effective volume swept out in time t 

 
The resulting mean free path is 

 
 
 Que4 : Explain Diffusion, Viscosity and Thermal conductivity in gases and derive 

the mathematical expressions.  

Ans: 
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Chapter – 8 

Real Gases 

 
 

Que1: Distinguish between Ideal and Real Gases.  

 

Ans: A gas which obeys the ideal gas equation, PV = nRT under all conditions of 
temperature and pressure is called an ‘ideal gas’. However, there is no gas which 
obeys the ideal gas equation under all conditions of temperature and pressure. Hence, 
the concept of ideal gas is only theoretical or hypothetical. The gases are found to obey 
the gas laws fairly well if the pressure is low or the temperature is high. Such gases are, 
therefore, known as ‘Real gases.’ All gases are real gases. However, it is found that 
gases which are soluble in water or are easily liquefiable, e. g. CO2, SO2, NH3 etc. show 
larger deviations than the gases like H2, O2, N2 etc. 

Differences between Ideal Gas and Real Gas 

  Ideal Gases obey all gas laws under all 
  conditions of temperature and pressure. 

Real Gases obey gas laws only at low pressures 
and high temperature. 

  The volume occupied by the molecules is 
negligible as compared         to the total volume 
occupied by the gas. 

The volume occupied by the molecules is not 
negligible as compared to the total volume of the 
gas. 

 The force of attraction among the molecules are 
negligible. 

The force of attraction are not negligible at all 
temperatures and pressures. 

  Obeys ideal gas equation 

  PV = nRT 

Obey Van der Waals equation 

(P + an2/V2) (V - nb) = nRT 

 

Que2: Explain the causes of deviation from Ideal gas behavior. 

 

Ans: Causes of Deviation from Ideal Behaviour 

As stated above, the real gases obey ideal gas equation (PV = nRT) only if the pressure 
is low the temperature is high. However, if the pressure is high or the temperature is 
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low, the real gases show marked deviations from ideal behaviour. The reasons for such 
a behaviour shown by the real gases have been found to be as follows: 
 
The derivation of the gas laws (and hence of the ideal gas equation) is based upon the 
Kinetic Theory of Gases which in turn is based upon certain assumptions. Thus, there 
must be something wrong with certain assumptions. A careful study shows that at high 
pressure or low temperature, two assumptions of Kinetic Theory of Gases are fails: 
 

• When compared to the total volume of the gas, the volume occupied by the gas 
molecules is negligible.  

• The forces of attraction or repulsion between the gas molecules are negligible. 
The above two assumptions are true only if the pressure is low or the temperature is 
high so that the distance between the molecules is large. However, if the pressure is 
high or the temperature is low, the gas molecules come close together. Hence, under 
these conditions: 
 

• The forces of attraction or repulsion between the molecules.  
• The volume occupied by the gas may be so small that the volume occupied by 

the molecules may not be negligible. 
 

Que3: Explain the van der Waals Equation of State for Real gases. 

 

Ans: The ideal gas law treats the molecules of a gas as point particles with perfectly 
elastic collisions. This works well for dilute gases in many experimental circumstances. 
But gas molecules are not point masses, and there are circumstances where the 
properties of the molecules have an experimentally measurable effect. A modification of 
the ideal gas law was proposed by Johannes D. van der Waals in 1873 to take into 
account molecular size and molecular interaction forces. It is usually referred to as the 
van der Waals equation of state. 

                                    
The constants a and b have positive values and are characteristic of the individual gas. 
The van der Waals equation of state approaches the ideal gas law PV=nRT as the 
values of these constants approach zero. The constant a provides a correction for the 
intermolecular forces. Constant b is a correction for finite molecular size and its value is 
the volume of one mole of the atoms or molecules. 
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Que4: Explain the deviation of Real gases using PV diagrams. 

Ans: To understand the deviations from ideal behaviour, let us first see how the real 
gases show deviations from Boyle’s law. According to Boyle’s law, PV = constant, at 
constant temperature. Hence, at constant temperature, plot of PV vs. P has to be a 
straight line which is parallel to x-axis. However, the real gases do not show such a 
behaviour as shown in figure no. 1 below. 

 
From the plots, we observe that for gases like H2 and He, PV increases continuously 
with increase of pressure whereas for gases like CO, CH4 etc. PV first decreases with 
increase of pressure and reaches a minimum value and then increases continuously 
with increase of pressure. 

                             

From above graph, we observe that at higher pressure, volume which is observed is 
higher than that of calculated volume. At lower pressures, the observed and the 
calculated volumes approach each other. 

Que5: Explain the deviation of Real gases from Idea gas equation using 

compressibility factor. 

Ans: Extent upto which a real gas deviates from ideal behaviour can be studied using 
the terms of a quantity ‘Z’ which is known as the compressibility factor, and defined as: 

                                     

(i) For an ideal gas, as PV = nRT, Z = 1 

(ii) For a real gas, as PV ≠ nRT, Z ≠ 1. 

https://www.emedicalprep.com/wp-content/uploads/pv-vs-p-for-real-and-ideal-gas.png
https://www.emedicalprep.com/wp-content/uploads/pv-vs-p-for-real-and-ideal-gas.png
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Hence, two cases arise: 
(a) When Z < 1, (For Example: for CH4, CO2 etc.) The gas is said to show negative 
deviation. Therefore, gas will show more compression than expected from ideal 
behaviour. 
This is caused by predominance of attractive forces among the molecules of these 
gases. 
(b) When Z > 1, the gas is said to show positive deviation. This implies that the gas will 
show less compression than expected from ideal behaviour. 
This is caused by the predominance of the strong repulsive forces among the 
molecules. Greater the departure in the value of Z from unity, greater are the deviations 
from ideal behaviour. 

At the same temperature and pressure, the extent of deviation depends upon the nature 
of the gas, as shown in figure below. Thus, at intermediate pressures, CO2 shows much 
larger negative deviation than H2 or N2. 

                                              

Que6: Explain Virial equation. 

Ans: 
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Que7: Define Critical Point of a Real gas. 

Ans: Liquid and gas can coexist only within the regions indicated by the green-shaded 
area in the diagram above. As the temperature and pressure rise, this region becomes 
more narrow, finally reaching zero width at the critical point. The values of P, T, and V at 
this juncture are known as the critical constants Pc , Tc , and Vc . The isotherm that 
passes through the critical point is called the critical isotherm. Beyond this isotherm, the 
gas and liquids become indistinguishable; there is only a single fluid phase, sometimes 
referred to as a supercritical liquid (Figure  below). 

                                     

At temperatures below 31°C (the critical temperature), CO2 acts somewhat like an ideal 
gas even at a rather high pressure. Below 31°, an attempt to compress the gas to a 
smaller volume eventually causes condensation to begin. Thus at 21°C, at a pressure of 
about 62 atm , the volume can be reduced from 200 cm3 to about 55 cm3 without any 
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further rise in the pressure. Instead of the gas being compressed, it is replaced with the 
far more compact liquid as the gas is essentially being "squeezed" into its liquid phase. 
After all of the gas has disappeared, the pressure rises very rapidly because now all 
that remains is an almost incompressible liquid. Above this isotherm, CO2 exists only as 
a supercritical fluid. 

Que8: Calculate critical constants for a Real gas. 

Ans:  Van der Waals equation of state for real gas is given as 
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Que9: Define Boyle temperature or Boyle point. 

Ans: The temperature at which a real gas behaves like an ideal gas over an 
appreciable pressure range is called Boyle temperature or Boyle point. 

Que10: Give an Explanation of the Behaviour of Real Gases by van der Waals 

Equation. 

Ans: 

• At Very Low Pressures, V is very large. Hence, the correction term a/V2 is so 
small that it can be neglected, Similarly, the correction term ‘b’ can also be 
neglected in comparison to V. Thus, van der Waals equation reduces to the form 
PV = RT. This explains why at very low pressures, the real gases behave like 
ideal gases. 

• At Moderate Pressures, V decreases. Hence, a/V2 increases and cannot be 
neglected. However, is still large enough in comparision to ‘b’ so that ‘b’ can be 
neglected. Thus, van der Waals equation becomes 

                                    

Thus, compressibility factor is less than 1. So at when at constant temperature, 
pressure is increased, V decreases so that the factor a/RTV increases. This explains 
why initially a dip in the plot of Z versus P is observed. 

• At High Pressures, V is so small that ‘b’ cannot be neglected in comparison to 
V. The factor a/V2 is no doubt large but as P is very high, a/V2 can be neglected 
in comparison to P. Thus, van der Waals equation reduces to the form: 
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Thus, compressibility factor is greater than 1. As P is increased (at constant T), 
the factor Pb/RT increases. This explains why after minima in the curves, the 
compressibility factor increases continuously with pressure. 

• At High Temperatures: V is very large (at a given pressure) so that both the 
correction factors (a/V2 and b) become negligible as in case (i). Hence, at high 
temperature, real gases behave like ideal gas. 

 

 

Que11: Explain Free adiabatic expansion of a perfect gas. 

Ans: Free expansion is an irreversible process in which a gas expands into an insulated 
evacuated chamber. It is also called Joule expansion. 

                                                                       

 

Real gases experience a temperature change during free expansion. For an ideal gas, 
the temperature doesn't change. 

Adiabatic free expansion of a perfect gas 

For an adiabatic free expansion of an ideal gas, the gas is contained in an insulated 
container and then allowed to expand in a vacuum. Because there is no external 
pressure for the gas to expand against, the work done by or on the system is zero. 
Since this process does not involve any heat transfer or work, the first law of 
thermodynamics then implies that the net internal energy change of the system is zero. 
For an ideal gas, the temperature remains constant because the internal energy only 
depends on temperature in that case. Since at constant temperature, the entropy is 
proportional to the volume, the entropy increases in this case, therefore this process is 
irreversible. 
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Que12: Explain Joule-Thomson effect for Ideal and Real gases. 

Ans: 
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The denominator in above equation is 
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Equation above defines a curve in the T − p plane (see Figure 5): this curve is known as 
inversion curve. 
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