Part 1
Answer 1
The ratio of number of  molecules in state 
Temperature = 
All the molecules are electronic ground state
The formula for the ratio of numbers of the HBr molecules (all the molecules are in electronic ground state.
For j=5, we have-
 ………………………… (1)
 
 
= 
For j=2, we have-
 ………………………… (1)
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The ratio of  = 
=
Answer 2 (a)
Mass (m) of the 
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Answer 2 (b) 
The single- molecule transitional partition function of  under the same condition-
Mass (m) of the 
 
= 
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= 
= 
From the above two values, we got the values that transitional partition function of I more than H.
Answer 2 (c)
In the heavier atom, the molar mass of the element is high in comparison to lighter atom at same temperature. As we know the transitional partition function is totally dependent on the molar mass. Because of this heavier atom has transitional partition function.

Answer 3 (a)
The method for using the table 16.1 for the calculation of the properties of ideal gas in the standard rate is done by using the values of molecular partition function. In the following function the value can be seen by the respective molecular function. By the given table we can see the respective characteristic vibrational temperature for the respective molecule and then it will be used for calculating the molecule partition function.  
For the calculation of the ideal gas properties at the standard rates are –
Based on the values translation and vibration contribution we can estimate the rotation al value of elements that whether they are Diatomic polyatomic or linear. Also we can estimate the ideal gas properties such as non-linearity, linearity or whether the element shows electronic behavior.

Answer 3 (b)
The molar entropy for in the standard state at (298K)
Molar Entropy = 
= 
= 
Answer 3 (c)
 By comparing with the values given in the Table C.2 we have the values obtained experimentally is more in comparison to the theoretical values obtained by the formula.
Answer 4 (a)
The molar heat capacities at constant pressure (in units of R) for  at standard state 25
 
 
=
Answer 4 (b)
By comparing with the values given in the Table C.2 we have the values obtained experimentally is more in comparison to the theoretical values obtained by the formula.
Answer 5 (a)
By using the concepts of the quantum number theory for the molecules we can derive the microscopic state of whole system. In this system it is very important to define the state of each system.
The sum for the energies for each molecule can be indicates as-

Now from the above equation the sum of the summation for the individual molecules can be calculated as the –
 
Now by this the exponential of the sum can be calculated as –
 
For the above equation each term s single molecule and we call this function as canonical partition function for translation.
Answer 5 (b)
By using the concepts of the quantum number theory for the molecules we can derive the microscopic state of whole system. In this system it is very important to define the state of each system.
The sum for the energies for each molecule can be indicates as-

Now from the above equation the sum of the summation for the individual molecules can be calculated as the –
 
Now by this the exponential of the sum can be calculated as –
 
For the above equation each term s single molecule and we call this function as canonical partition function for translation.
Here from the above equation of the translational partition function can be –
 
Now by using the thermal wavelength 
  
For the monoatomic ideal gases, by considering no degree of freedom we have-
 
According the  approximation we have-
 
The Helmholtz energy for the monoatomic ideal gas can be considered as the 
A =
Answer 5 (c)
The translational contribution of the entropy can be derived as-
Using the relation derived in the above equation we have-
The sum for the energies for each molecule can be indicates as-

Now from the above equation the sum of the summation for the individual molecules can be calculated as the –
 
Now by this the exponential of the sum can be calculated as –
 
For the above equation each term s single molecule and we call this function as canonical partition function for translation.
Here from the above equation of the translational partition function can be –
 
Now by using the thermal wavelength 
  
For the monoatomic ideal gases, by considering no degree of freedom we have-
 
According the  approximation we have-
 
The Helmholtz energy for the monoatomic ideal gas can be considered as the 
A =
Now the Helmholtz energy for the monoatomic ideal gas without considering the electronic excitation of the function we have- 
 
= 
Answer 5 (d)
By considering the results derived above we have-
The Helmholtz energy for the monoatomic ideal gas can be considered as the 
A =
Now  the Helmholtz energy for the monoatomic ideal gas without considering the electronic excitation of the function we have- 
 
= ………… (1)
By the ideal gas equation we have-
 
Now putting the above obtained value in equation (1)
= 
Answer 5 (e)
The basic molar entropy for the units R from the table 16.1 can be calculated as-
Using the relation derived in the above equation we have-
The sum for the energies for each molecule can be indicates as-
 
Now from the above equation the sum of the summation for the individual molecules can be calculated as the –
 
Now by this the exponential of the sum can be calculated as –
 
The property for the unique for the exponential function-
 
The probability of the simultaneous occurrence of the events is proportional to –
 
Answer 6 (a)
For the Helmholtz energy the magnitude of the change by including the error-
 
Canonical partition function Q and A’, the Q is replaced 
The magnitude of the change 
 
= 
 
Answer 6 (b)
The error obtained is not very significant in term of the error obtained in the Helmholtz free energy. As we can see from the obtained expression that the error is in terms of the raised to the power of negative value so by this it will impact a negligible effect on the dependent.

Part 2
Answer 1
The ratio of the population at   of the energy level separated by-
Part a
The ratio of population at 
  
= 1 
Part b
The ratio of population at 
  
= 1 
Answer 2
The derivation for the vibrational contribution function can be derived as-
By using the concepts of the quantum number theory for the molecules we can derive the microscopic state of whole system. In this system it is very important to define the state of each system.
The sum for the energies for each molecule can be indicates as-

Now from the above equation the sum of the summation for the individual molecules can be calculated as the –
 
Now by this the exponential of the sum can be calculated as –
 
For the above equation each term s single molecule and we call this function as canonical partition function for translation.
Here from the above equation of the translational partition function can be –
 
Now by using the thermal wavelength 
  
For the monoatomic ideal gases, by considering no degree of freedom we have-
 
According the  approximation we have-
 
The Helmholtz energy for the monoatomic ideal gas can be considered as the 
A =
Answer 3
The fraction for the HCl molecules is in the state .
The characteristic vibrational and rotational temperatures 
Temperature = 
All the molecules are electronic ground state
The formula for the ratio of numbers of the HBr molecules (all the molecules are in electronic ground state.
For j=7, we have-
 ………………………… (1)
 
 
= 
Answer 4
The quantum mechanical system for the two energy levels 
The probability for the  for the state1- 
 ………………………… (1)
 
 
= 
 ………………………… (1)
 
 
= 
Answer 5
For the suggested value for the  for the constant N and P.
Considering the 3rd law of Thermodynamics-
The Helmholtz energy for the monoatomic ideal gas can be considered as the 
A =
Now the Helmholtz energy for the monoatomic ideal gas without considering the electronic excitation of the function we have- 
 
= ………… (1)
By the ideal gas equation we have-
 
Now putting the above obtained value in equation (1)
The apparent discrepancy-
= 

Answer 6
By the contribution of the translation, vibrational for the single- molecule partition function as negligible. The condition for the translational contribution are-
The values of the translational, vibrational are acting on the same plane and abscissae. 
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