Solutions to Unit 2 Homework No. 1 (2011)
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1. This problem concerns a two-level system.
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The partition function is 
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The variation with temperature of 
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 is shown in the right. At the limit of very high temperature, q = 2. In other words both levels are “very” accessible at high temperature.

2. 
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3. 
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 and for Na, 
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4. The partition function is 
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The variation with temperature of 
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k

E

B

e

q

/

1

-

+

=

 is shown in the right. At the limit of very high temperature, q = 2. In other words both levels are accessible at high temperature.
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In class we derived expression for Nn/N for a two-level system. These are:
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and 
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As shown on the right, the populations of N1 and N2 tend towards equality at large values of T.

5. (a) The vibrational partition function 
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Vibration frequency 2900 cm-1 = 8.69 ( 1013 s-1
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If we took the v = 0 level energy as zero, instead of the bottom of the internuclear potential, then we would have obtained 
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(b) The rotational partition function 
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The rotational constant B must be in units of s-1. B = 10.59 cm-1 = 3.17 ( 1011 s-1
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And so 
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(c) The translational partition function 
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M = mH + mCl = (1+35.5) ( (1.67 ( 10-27 kg) = 6.10 ( 10-26 kg

V = 100 mL = 100 cm3 = 1.0 ( 10-4 m3
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(d) The total internal energy is simply
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6. The partition function can be thought of as an effective total number of energy states thermally accessible to a molecule under the given conditions.

For the monoatomic van der Waals gas 
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We first take the natural log of this equation.
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and since energy 
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The molar heat capacity 
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7.  There are a couple of ways of showing this. Remember that 
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For one dimension we have 
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For two dimensions we have 
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Since 
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The partition function is proportional to Tn/2, where n is the dimension. 
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17.10 See problem 6. The energy is 
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The value for energy for a 2D ideal gas is less than 3D ideal gas by NkT/2. In fact, each dimension contributes NkT/2 to the value of energy.

17.11 Oops! Same as 6.

17.41  
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We need to determine Q for this problem:
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The results for the fraction are:

	Electronic State
	Nj/N (1000K)
	Nj/N (2500K)

	1
	1.000
	0.9998

	2
	2.545 × 10-11
	5.784 × 10-5

	3
	4.966 × 10-11
	1.145 × 10-4

	4
	8.273 × 10-17
	3.690 × 10-7


18.17 For rotational energy states:
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, the functional form is simply 
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Determine the fraction verses the quantum number J and plot the function for both temperatures. 

18.20 

[image: image37.emf]
18. 21  For H2O, the values for (vib for the three normal modes are 2290 K, 5160 K, and 5360 K. 

For (vib = 5360 K, 
[image: image38.wmf](

)

(

)

(

)

1

1

2

600

5360

600

5360

2

1

1

2

2

087

0

1

600

5360

314510

8

1

-

-

-

-

-

-

Q

-

Q

-

=

-

÷

ø

ö

ç

è

æ

=

-

÷

ø

ö

ç

è

æ

Q

=

mol

JK

.

e

e

mol

JK

.

e

e

T

R

C

/

/

T

/

T

/

vib

vib

vib

vib


For (vib = 5160 K, 
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For (vib = 2290 K, 
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