
Chapter 3 
Particle in Box (PIB) Models 

Homework Solutions 
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 (No need to consider  = -2, which would just reverse the A and B terms in the solution. 
 
 Boundary Conditions 
 0 0(0) 2 2 2y Ae Be A B        

 0 0'(0) 4 2 2 4 2y Ae Be A B        

 Add the two eqns to get:  2A = 4    A = 2 
 B = 2 - A = 0   B = 0 
 Solution:    22 xy e  
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3.  = 500 nm = 5.0x10-7 m 
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5. (a)  Normalization 
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 (d) <E>:  Since E = p2/2m, 
2 2

2
ˆ

2

d
E

m dx
 


 

  Preliminary:     
2

2 3 2
2

2 3 2 6 2 6
d d d d

Aax Ax aAx Ax aA Ax A a x
dx dx dx dx

              
 

 

   
2 2 2

2
20 0 0

ˆ* * ( ) (2 6 )
2 2

a a ad
E E dx dx Ax a x A a x dx

m dx m

  
   

            
   

  
 

 

     
2 2 2 2

2 2 2 3 4

0 0
(2 6 ) 2 8 6

2 2

a aA A
x a x a x dx a x ax x dx

m m

   
                

   
 

 
 

    
2 2 3 4 5 2 2 5 5

2 5

0 0 0

2 8 6 2 2 6
2 3 4 5 2 3 5

a a a
A x x x A a a

a a a
m m

                               
             

 
 

    

2 2 5 5 5 2 5

7 2

2 2

2 2 2

10 30 18 105 1 2

2 15 4 2 15

7
0.177

4

A a a a h a

m a m

h h
E

ma ma





                                    

  



 

 



 
6. 1,3,5-hexatriene:  There are 5 CC bonds.   
 The average bond length is estimated as R = 0.14 nm 
 The box length is:  a = 5R + 2(1/2)R = 6R = 6(0.14 nm) = 0.84 nm = 8.4x10-10 m. 
 In the ground state, n = 1, 2, and 3 levels are occupied. 
 The lowest transition is from n = 3 to n = 4. 
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7. a = b = 0.35 nm = 3.5x10-10 m     m = me = 9.11x10-31 kg 
 See PP Section on Two-Dimensional PIB 

 Energy Levels for Square Box:   
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 The lowest four energy levels correspond to: 
 nx = ny = 1 , nx = 2, ny = 1 , nx = 1, ny = 2 , nx = 2, ny = 2 (See diagram in PP) 
 

The six electrons occupy the lowest 3 energy levels.  The lowest * transition corresponds 
to nx = 2, ny = 1   nx =2 , ny = 2 
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 (exp) = 180 nm 
 
 
 
 
 
 
 



8. 
 

 2 22 2 2 2 2 22 2 2 2 2 2 2

, 22 2 2 2 2 2

44

8 8 8 32 32 328 2x y

x yy y yx x x
n n

n nn h n h n hn h n h n h h
E

ma mb ma ma ma mam a


         

  
Level # nx ny E / (h2/ma2) 
1 1 1 5/32 = 0.156 
2 1 2 8/32 = 0.250 
3 1 3 13/32 = 0.406 
4 2 1 17/32 = 0.531 
5 1 4 

 
20/32 = 0.625 

5 2 2 20/32 = 0.625 
6 2 3 25/32 = 0.781 
7 1 5 29/32 = 0.906 
8 3 1 37/32 = 1.16 

 
 
 

9. M(NO2) = 46 amu   
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 Preliminary Calculations:  Partition Function  
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 Preliminary Calculations:  Partition Function Derivatives 
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 Enthalpy:  Htran  
  
 
 
 
 
 
 
 
 Entropy:  Stran  
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 Helmholtz Energy:  Atran   
 
   
 
 
 
 Gibbs Energy:  Gtran 
 
  
 
 
 
 
 
 
 
 
 
 
10. 30
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 M(O2) = 32 g/mol 
 M(Cl2) = 71 g/mol 
 Let's determine how qtrans depends on M, T and P 
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( ,1273 ,1 ) 37.7 ( , 298 ,1 )

37.7 4.28 10 1.61 10

tran tranq O K atm q O K atm

x x

 

 
 

 
  
 
 

23 23ln( ) ( 1.38 10 / )(373 )(3.35 10 )

172,400 172

tran tranA kT Q x J K K x

J kJ

   
   

 
,

ln
ln

ln

172,400 (3 )(8.31 / )(373 )

163,100 163

tran
tran tran

A

T N

Q
G kT Q kT A kT nN

V

A nRT J mol J mol K K

J kJ

 
      
     
   



 
 (c) O2 at 1273 K and 10 atm  

  2 2 1

2 1 2

( ,1273 ,10 ) 1/ 1
0.10

( ,1273 ,1 ) 1/ 10

tran

tran

q O K atm P P atm

q O K atm P P atm

 
    
 

 

 

   
2 2

32 31

( ,1273 ,10 ) 37.7 ( ,1273 ,1 )

0.10 1.61 10 1.61 10

tran tranq O K atm q O K atm

x x

 

 
 

 
 NOTE:  Because we were calculating only ratios of M and P, it was not necessary 
                to convert to SI Units 
 
 
11.  

    
1

2 sin cos

x xAe Be

C L x D L x

 

  

  

         
 

 
 (a)  Region 1:  1 = 0 at x = - 
 
 Boundary Condition   
 1( ) 0 0x xx Ae Be Ae Be Be                   B = 0 

 Therefore:  1
xAe    

 Schrödinger Equation: 
22

1
1 1 122

d
V E

m dx

    


     
2

1
1 12 2

2d m
V E

dx

  


 

 

1

1

2
2 21

12

x

x

x

Ae

d
A e

dx

d
Ae

dx








 

   











 

 

   

  
2

1
1 12 2

2d m
V E

dx

  


       2
1 1 12

2m
V E   


     2

12

2m
V E  


 

 

 Therefore:   12

2m
V E  


 

  
  
 
 
 
 
 
 



 
 (b)  Region 2:  2 = 0 at x = L 
 
 Boundary Condition   
 

    2 ( ) 0 sin cos sin(0) cos(0)x L C L L D L L C D D                  

  

 Therefore:  D = 0 and      2 sin cos sinC L x D L x C L x                    

 
 

 Schrödinger Equation: 
22

2
2 2 222

d
V E

m dx

    


     
2

2
2 22 2

2d m
V E

dx

  


 

  

 

2

2

2
2 22

22

sin[ ( )]

cos

sin

C L x

d
C L x

dx

d
C L x

dx

 
  

    

 

    

      

 

   

  
2

2
2 22 2

2d m
V E

dx

  


       2
2 2 22

2m
V E    


     2

22

2m
E V  


 

 

 Therefore:   22

2m
E V  


 

  
 
 (c)  Boundary Conditions at x = 0 
 

 1
xAe                            and   1 xd

Ae
dx

    

  2 sinC L x        and    2 cos
d

C L x
dx

        

 

 BC 1:  1 2( 0) ( 0)x x         0sin 0C L Ae       

 Therefore:   sinC L A   

 

 BC 2:  2 1

0 0x x

d d

dx dx

 

 

      
   

      0cos 0C L Ae        

 

 Therefore:   cosC L A     


