GRAHAM’S LAW

Rates of diffusion and effusion depends on relative velocities of  gas molecules.  Diffusion is a natural tendency for mobile particles(gas and liquid) to travel continously and to go from areas  of high concentration to areas of low concentration by gradual mixing and virtue of their kinetic properties.  

Recall that average kinetic energy of molecules of any gas equals 1/2mv2 and comparing two different gases:   1/2mv2=1/2mv2
As the mass of a gas increases, the velocity decreases and all gases will have the same average  kinetic energies at a given temperature.

Graham’s Law is written as:


Rate of diffusion of A   =         Molar Mass B
Rate of diffusion of B               Molar Mass A    




Graham’s law of effusion/diffusion  states that the rates of movement of gases at the same temperature and pressure are inversely proportional to the square roots of their molar masses.

Given a specific temperature and pressure, gases will move (diffuse or effuse) faster if their molar mass is low and slower if their molar mass is high.  This is true because their kinetic energy is the same but lighter gases need to travel at greater velocities. 

Consider the fragrance industry.  Would we want our cologne or perfume to travel faster or slower.  A lady may get more attention (the real purpose of fragrance) if it travels faster.  However the fast traveling (low mass) fragrance would need to be applied more frequently.  This is among the many things to be considered as a chemist in this industry.

PROBLEM SOLVING
I have a Summer job working for the Lynn Sewer Department as a swimmer.  An unknown, perhaps dangerous gas has been found to diffuse 0.5 times as fast as Argon.  Find the molar mass of the unknown gas since I at least need to know what I am breathing when I come up for air.


Rate of diffusion of A   =         Molar Mass B             
Rate of diffusion of B               Molar Mass A 


Rate of diffusion of  Ar    =         Molar Mass gas X             
Rate of diffusion of gas X              Molar Mass Ar 

Further substitution……


Rate of diffusion of  0.5   =         Molar Mass Gas X            
Rate of diffusion of gas 1              39.94

Further substitution…..  

0.5 =      Molar Mass Gas X

                6.320

Multiply by 6.320…….


(6.320) x  (0.5)  =       Molar Mass Gas X

calculate:            12.640 =   Molar Mass Gas X
square both sides:   159.76 = Molar Mass  Gas X  

The now known molar mass of the unknown gas can be compared with known gases to help identify it.

2. We have 2 gases that we know N2 and H2 and wish to know their relative rates of diffusion, at a given temperature and pressure. 



Relative rates =     Molar Mass N2






     Molar Mass H2

​

   Relative rates =      28

                                  
                                   2

Take square roots:= 5.29              = 3.74 

                                 1.414

We can now say hydrogen diffuses, effuses, or travels at 3.74 times the rate on nitrogen gas.

