
Objectives 

1. Review mole fractions and partial pressures 

2. Identify factors (P, V, n, T) leading to 
deviations from ideality (real gases) 

3. Define effusion/diffusion. 

4. Solve effusion/diffusion problems. 

5. Apply a quantitative model of real gas 
behavior. 

 



KMT Postulates 
1. Gas particles are so small compared to the distances 

between them that the volume of the individual particles is 
negligible. 

2. Gas particles are in constant, random motion.  

3. This motion is associated with an average kinetic energy 
that is directly proportional to the Kelvin temperature of 
the gas. All populations of gas molecules at the same 
temperature have the same average kinetic energy. 

4. Gas molecules constantly collide with each other and with 
the container walls. Collisions are elastic: the sum of the 
KEs of two particles after a collision is the same as the sum 
before the collision. http://en.wikipedia.org/wiki/Elastic_collision 
http://en.wikipedia.org/wiki/Inelastic_collision  

5. The particles are assumed to exert no forces on each other; 
they neither attract or repel their neighbors. 

 

http://en.wikipedia.org/wiki/Elastic_collision
http://en.wikipedia.org/wiki/Inelastic_collision


Molecular Kinetic Energy 

• How does average KE per molecule determine 
molecular speed? 
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u is an average of 

molecular velocity, and m 

is the mass of one 

molecule. 
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Reminder: NA = particles 

in a mole 
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RTTotal KE in 1 mol of gas: 

See Appendix 2 for more 

details 

Note: T is Kelvin. 



A Closer Look at Molecular KE 
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mNA = M, where  

M = molar mass 
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“Root-mean-square” speed, one 

kind of average molecular speed. 

urms is the speed of a molecule that 

has the average KE.   

urms gives us a formal connection 

between average gas speed, T, and M.   



Distribution of Molecular Speeds 
“Maxwell-Boltzmann” 

curve (a statistical 

distribution) 

um – most probable speed 

uav – average speed 

urms – the speed of a molecule 

with the average molecular 

kinetic energy 

This plot represents the 

fraction of gas molecules in a 

sample that are traveling at a 

given velocity. 

(m/s) M

RT
urms

3


Where R = 8.314 J/molK 



Speed Distribution at Different 
Temperatures 

Watch a video 
on this graph 

http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/028_KineticEnGas.MOV
http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/028_KineticEnGas.MOV


Speed Distribution for Heavy vs. 
Light Gas Particles 



Concept Check 

Identify the speed 
distribution of the heaviest 
gas particles 



Comparison of urms for He and N2 

• At 25oC, which gas will travel faster, He or N2? 
 

 M(He) = 4 g/mol    
 M(N2) = 28 g/mol    
  
• … or a car travelling at 60 mph? ucar = 26.8 m/s 
 

 If gases travel so fast, why does it take so long 
for you to smell perfume from across the room? 

 
 The same reason cars are often late. Traffic! 

urms(He) = 1360 m/s 
urms(N2) = 515 m/s 



Diffusion 

• Gas molecules travel in a 
straight line only until they 
collide with a container wall or 
another gas molecule. 
 

• Gas molecules do not have an 
uninterrupted path in front of 
them.  
 

• They are constantly colliding 
with other gas molecules. 



Diffusion 

Diffusion is the process of mixing 

gases. 

This is analogous to solution 

formation. 

In a closed container, diffusion will 

eventually lead to a homogeneous 

mixture. 
http://www.youtube.com/watch?v=H7QsDs8ZRMI 

http://www.youtube.com/watch?v=H7QsDs8ZRMI


Effusion 

Petrucci, Fig 6.21b 

Effusion is a special case of 

diffusion, which exploits the 

difference in velocities of lighter 

gas molecules. 

This process was used during 

the Manhatten Project to 

separate 235U and 238U isotopes. 



Effusion of a Gas 

Rate of effusion is proportional to urms. So lighter 

particles will have a higher rate of effusion. 
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Graham’s Law 

Sample Problem: 
Two gases effuse from a container. If Gas X 
diffuses at a rate of 1.25 mol/minute and 
Helium diffuses at a rate of 5.1 mol/minute, 
what is the molar mass of Gas X? 



Uranium Enrichment 
U-235 (natural abundance, 

0.72%) is the uranium isotope 

needed for making nuclear 

weapons. 

It must be separated from its 

heavier cousin, U-238 (natural 

abundance, 99%). 

U-235 is smaller than U-238, so it will 

have a slightly higher velocity, and pass 

through a porous barrier slightly more 

often, because it collides with the barrier 

slightly more often. 

UF6(g) 

containing 

0.72% 235U 

and 99% 238U. 

UF6(g) 

containing 

slightly more 
235U and slightly 

less 238U than 

before. 



What is “Ideal”? 
• Assumptions:  

– Molecules of an ideal gas do not attract or repel one 
another 

– The volume of an ideal gas molecule is negligible with 
respect to the container 

 

An ideal gas is a collection of non-interacting point particles. 
Is this a reasonable approximation? 

Under what conditions would you expect ideality to fail? 
 

 high P or low T  molecules get too close, start interacting 
 low V  molecular volume may become a sizable fraction of 

the overall volume, when total volume is very small 
 



Real Gases 

• Generally speaking, there is no 
such thing as an “Ideal Gas.” 

• There are conditions under 
which a gas will behave 
ideally… 
– low P  

– moderate to high T 

• van der Waal developed some 
corrections to the Ideal Gas 
law, based on a molecular 
picture, to explain these 
observed deviations.  

 

 



Real Gases: Molecules have volume 

• At high P, the volume of the 
individual gas molecules becomes 
non-negligible. 

 

• Macroscopic gas is compressible, 
individual gas molecules are not. 

 

• Under high P conditions, the 
space available for a gas molecule 
to move through is decreased by 
its neighbors, so the volume of 
the system is reduced relative to 
the ideal case.  

 

eff idealV V nb 

Number of 

moles of gas Empirical constant… 

different for each 

gas; increases with 

size of molecule. 



Real Gases: Molecules attract each other 
• In the Ideal Gas theory, we assume that gas molecules do 

not interact…this is a reasonable assumption because gases 
are typically very dilute. 
 

• But under high P, gas molecules get very close to each 
other, so intermolecular forces become significant.  
 

• Further, at low T, molecular Ek is reduced, and molecular 
speed drops, so the molecules become “trapped” by 
attractions to other molecules. 
 

Under high P and/or low T conditions, the molecules don’t collide 

with the container as frequently, so the pressure of the system 

is reduced relative to the ideal case. 

Concentration of the gas 

Empirical constant… different for each gas; 

increases with increasing intermolecular attraction 2
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vdW Equation 
 
 
 
 
 
 
 

• b generally increases with the size of the molecule 

• a generally increases with the strength of intermolecular forces. 
 
vdW equation corrects two major flaws in ideal gas theory: 
• Gas molecules have finite volume which becomes important at high 

P. 
• Gas molecules have nontrivial attractions that become important at 

low T and high P. 
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Consider deviations from ideal 
1L of gas A at 1atm is mixed with 1L of gas B at 1atm and the 
pressure in a 2L container is LESS than 1atm. What can we 
predict?  

 

1. Molecules of gas B are more attracted to themselves than to 
molecules of gas A 
 

2. Molecules of gas B are more attracted to molecules of gas A 
than to themselves 
 

3. Molecules of B are repelled by B 
 

4. There is equal attraction among all molecules 


