Chapter 3


3.1 The fraction of atoms in the first electronic state relative to the ground state is,
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f(T)
	
	1000 K
	1500 K

	F
	2.799E-01
	3.396E-01

	Cl
	1.396E-01
	2.136E-01

	Br
	2.407E-03
	1.425E-02

	I
	9.184E-06
	3.481E-04


3.2 

For a monatomic ideal gas in a canonical ensemble, the partition function is:
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The constant volume heat capacity in terms of the canonical partition function is:


[image: image3.wmf]2

V

ln

   and   

VV

QU

UkTC

TT

¶¶

æöæö

==

ç÷ç÷

¶¶

èøèø


Then, 
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3.3 
The canonical partition function is:
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Then,
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3.4

(a)


The individual partition function for He is




[image: image10.wmf]1

1

2

/

3

2

2

n

e

V

h

mkT

q

w

w

p

÷

ø

ö

ç

è

æ

=


we can set n1 = 1 and e1 = 1 since there is no degeneracy for He (all the electrons fill the 1s orbital such that the spin of the electrons are nondegenerate)

Let M = m ∙ 6.02x1023
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(b)
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(c)
The probability of finding He within ±1% of the mean energy:
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or using a thermodynamic table:



[image: image14.wmf]01224

.

0

=

-

=

s

m

x

z


( (z) = 0.50488




[image: image15.wmf][

]

(

)

00976

.

0

1

2

01

.

1

99

.

0

=

-

=

£

£

z

P

f

e

e

e


3.5

(a)


The individual partition function for He is
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we can set n1 = 1 and e1 = 1 since there is no degeneracy for He (all the electrons fill the 1s orbital such that the spin of the electrons are nondegenerate)

Let M = m ∙ 6.02x1023
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(b)
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(c)
The probability of finding He within ±1% of the mean energy:
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or using a thermodynamic table:
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3.6 
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b) 
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c) 
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d) 
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3.7 

Since energy is additive 
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 the partition function is separable, i.e., 
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Therefore, the translational partition function for a rectangular box is the same as that for a cube of the same total volume.
3.8 Following the analysis in the text for replacing a summation with an integral, we immediately obtain
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3.9 

The canonical partition function of this system is
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a) the average energy: 
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b) heat capacity: 
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c) Helmholtz free energy: 
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d) Entropy:
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3.10

This system has three energy states: 0, 1 and 2. Begin by defining the partition function and its natural logarithm:
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To simplify the notation that follows, define the following: 
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Now determine the temperature derivatives of each of the last two equations. These will be needed in the subsequent derivations.
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Average energy (U): Eq. (3.3-1a)
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Heat capacity (CV): Eq. (3.3-13b)
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Entropy (S): Eq. (3.3-8b)
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Helmholtz energy (A): Eq. (3.3-9)
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3.11 

The total energy of the polymer chain (N monomers) depends on the number of monomers in the helix state (n) and coiled state (N-n), i.e.,
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The number of combinations of n helix monomers and N-n coiled monomers is
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Therefore, the partition function of a polymer chain is
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(note that the last equality is obtain from binomial expansion, see eqn 5.2-7 in the textbook)
The probability of finding the polymer having n helix monomers is
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The average number of helix monomers is
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Similarly the average number of coiled monomers is
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The fraction of monomers that are in the helix state is

[image: image67.wmf])
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3.12 
Starting from
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From classical thermodynamics,
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Then,
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Then,

[image: image73.png]



[image: image74.png]v=r-1(3) -
U+P





[image: image75.png]



[image: image76.png]



Since we cannot take derivatives at constant pressure, we must apply Maxwell’s relations,
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Then,
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3.13
Starting from
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3.14
First need to calculate the volume of 1 mole of an ideal gas at 298 K and 1 bar
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