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We know translational partition function is
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We can rewrite the translational partition function like
Qtrans = 3
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where A = ( ) and it has no dimensions, so dimension less quantity. So, lambda has
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dimension of length. Now we will calculate the energy or average energy.
So, we calculate average translation energy is nothing but
<Etrans> = N <E&grans>

So N times epsilon translation average is average translation energy, so epsilon translational is

the average translational energy of a molecule and it can be writen as
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remember ¢ trans is a function of temperature and volume.

So, next will calculate average translational energy from the translational partition function. So

if you take log of g trans we get
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. Now we will differentiate logarithm of g trans with respect to temperature at constant volume
and we get
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because the first terms gives you 0, second term gives us % and third term is also 0. So average

translational energy of a single particle is
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Again, classically we can write
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So, if we equate them we get
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S0 we get, A is of the order of h by p, a is known as thermal de Broglie’s wavelength.

Next we discuss the significance of lambda. The condition for the applicability of classical or

3
Boltzmann statistics is equivalent to the condition that AV < 1 this suggests that the thermal

de Broglie wave length must be small compare to the dimensions of the container. Or in other



words it is similar to the condition that quantum effects decrease as the de Broglie wave length

3
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becomes small. Basically T IS very, very oris much smaller than 1, then classical statistics or

quantum, or Boltzmann statistics can be applied.Next we consider electronic partition function.

So we can write
Oelec = Zi Wei e-BSi
where Wei is the degeneracy of the ith level and ; is the energy of the ith level,

If €1 =0 energy then Qelec = We1 + We ePAEI2 f\y g @BAE .

Where Ael2 =¢2 —¢l , Ael3 =¢e3 —¢l and soon

Neglecting higher terms it reduces to

Oelec = W1 + Wep €412

For nuclear partition function _ -Bei
P qnucl - Zi Whi € pei

where wh; is the degeneracy of the ith nuclear energy level and &; is the energy of the

ith nuclear energy level,

Qnuct = Wn1€PEl + wipe P2+ .
We assume g1 = 0, zero energy concept

Cnucl = W1 + Wnp €P2612 4 wigePAeld e
Agijin most of the case ~ 108 ev, SO Qnuct = Wn1
So for ideal monatomic gas the molecular partition function

q (V, T) = Qtrans X JelecX Qnuc

Now we will substitute the values of g trans, g electronic and q nuclear here and get
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So this is the molecule partition function for ideal monatomic gas.

From here, we calculate total partition function or partition function for N number of particles.

by using

Q(N,V, T)={a (v, T)}or{g (V, )}"/N!



depending on whether the particles are distinguishable or indistinguishable. So once we get

capital Q, now we can calculate all macroscopic or thermodynamic quantities.

Next, we discuss thermodynamic functions. Here we need to remember the contribution of the
electronic degrees of freedom to the energy is very small at ordinary temperatures. Since, we
have neglected intermolecular potential, the contribution of the intermolecular potential to the

total energy of the gas can be neglected, or can be omitted.
Q (N; V, T) = {q (V, T)}N = (transX QelecX Onucl
Neglecting Jelec; (nuc, We get

INQ (N, V, T)=NInqyans (V, T)
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INQ(N,V,T)=2 NInZ= 4+ 2 NInT + NInV

Now, we can calculate average energy.

e - e (2),
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And INQ=2NIn +2 NInT + N InV

Now we differentiate InQ with respect to temperature at constant volume, we get,
(aan) - 3N
oT /y 2T
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Now <E> = kgT? %

> <E>=> NkgT

This is the average energy and this average energy is nothing but the kinetic energy of the gas

molecules.



Now
3 3
<E>:E N kgT = 2 nRT

Where n = number of moles

N = nNa , NAszR

.So what is the contribution of Cv here?

co-(52),

. . . . = _ 3
The Cv of monatomic gas is 3;nR or molar heat capacity or molar heat capacity Cy = ;R

where n is number of mole is 1.

Now, we calculate average pressure.

> =T (29)

If we differentiate In Q with respect to V at constant N and T, we get
(Oan) =N
av NT V

If you substitute that there, we get

<P>V = kgT =nRT
This is the ideal gas equation that you have studied.

Similarly we can calculate,

A=—ksTINQ



Next we discuss one very interesting thing that is known as Sackur-Tetrode equation. It is a
classical problem related to distinguishable and indistinguishable particles. So by using Sackur-

Tetrode equation we basically solve, the classical problem Gibbs Paradox. We know,

_ omQ\ (1)
S—kBInQ+kBT( = )N'V
— Qtrans
Q= tN!

we are considering translational degrees of freedom here and the particles are

indistinguishable.
So it gives us

In Q = N In Qrans— In N!
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we also know that
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If we substitute the value of In Q and ( po

) in equation 1, we obtain
N,V

3
S:kB[NIn{(zm;l#) /ZV}—InN!]+kBT>< %

it further reduces to
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this is Sackur-Tetrode equation

What is Gibbs Paradox? Consider two cases, suppose case 1 we have here a container which
contains, two compartments and the volume of both the compartment is V and both of them

contain N number of ideal gas molecules but in one compartment we have gas A and another



compartment we have gas B and for simplicity you consider that they are ideal monatomic

gases.

So here the catch is the density of the gas of both the compartments are equal, gas density
means number density we are talking about here, so number of particles per unit volume are
equal in both the compartments. Suppose, this thing is our initial states, so initially we have a
container in which there is a partition there, which makes or which divides the container into
two equal compartments and the volume of the each compartment is V and both the
compartments campaign same number of particles N, but in one compartment we have gas

molecule A and in other compartment we have gas molecule B, so this is our initial state.

Now, if we remove the partition, what will happen? We have N number of gas molecules of A
and N number of gas molecules B, both are present in 2V volumes, so this is our final volumes,
they will mix, so this will final state. If we remove the partition they will mix and we know this

mixing process is entropy driven and AS final is greater than 0, it has some value.

Next, we consider another case with very similar experiment, but we will use same gas
molecules in both the compartments. So in case two we have very similar arrangement, N
number of particles, volume V and we have gas molecule A here and here also same gas
molecule in both the compartment, again, if you remove the partition, what we get? They will

miXx, so we have 2N number of gas molecules A in 2V volume.

So initially we had a container in which there is a partition which divides the container into
two compartments of equal volume V and in both the compartments we have N number of
particles A and if you remove the partition they will mix and what is the value of ASmix here or

AStinal here is 0, so mathematically we will prove this with the help of Sackur-Tetrode equation.

So you can see tha in both experiments we have very similar arrangements except that in first
case we considered two different gases and in second case we consider same gas molecules but
in first case we get positive entropy mixing, and in second case there is no entropy change if

you remove the partition.

So we will start with case 1, for case 1 before mixing the entropy of the initial state is nothing
but entropy for gas A in the initial state plus entropy of gas B at initial state and if we now use

the Sackur-Tetrode equation here, we can write,



Sinitial = (SA)initial + (S8)initial
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Once we get the value of S final and S initial, the difference between them gives us the entropy

of mixing or ASfinal.

k
ASfina = NKg [ In2V +% InT + %ln (an}r:? B) —InN + g 1+
3 3 anBkB 5
NkB [ In2V + 2 InT + Ell’l (h—z) — InN + E]
ASmix = AS = Sinitial — Stinal
Smix = 2Nr In2 >0
For case 2,
_ 3 3 21'thkB 5
Sinitial = 2NKg [ IV + > InT + ~1In (T) —InN! + > ]
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ASmix = AS = Sinitial — Sfinai = 0

Gibbs Paradox solved by using Sackur-Tetrode equation.



