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Name ___________________________________ 

Student Number ___________________________ 

Chem 241 Section 01 - Mid-term Exam - 1¼ hours 

October 22
nd

, 2013 

Answer all the questions on this examination paper. Use the back of the periodic table for 

rough work or extra space: do not detach it. 

1) (1 mark) Iodine-127 decays radioactively to give xenon-127, which then decays to 

give cesium-127. Which of the following statement is correct: 

a) Iodine-127 decays by γ decay, and then xenon-127 decays by β decay. 

b) Iodine-127 decays by α decay, and then Xenon-127 decays by β decay. 

c) Both iodine-127 and xenon-127 decay by β decay. 

2) (1 mark) Consider the following orbitals: 3s, 4s, 5s, 3px, 4px, 5px, 3dxy, 4dxy and 

5dxy. Which orbital(s) feature 2 radial (spherical) nodes and 1 planar node? 

a) 2s, 3px and 4dxy 

b) 5s, 4px and 3dxy 

c) 4px only 

d) None of the above 

3) (1 mark) A copper atom (in the gas phase) has the configuration [Ar]4s
1
3d

10
. In 

cuprous compounds (Cu
+
), the configuration of the ion is: 

a) [Ar]4s
2
3d

8
 

b) [Ar]4s
2
3d

10
 

c) [Ar]4s
1
3d

9
  

d) [Ar]4s
0
3d

10
  

4) (1 mark) An Antimony atom has configuration: 

1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
3d

10
4p

6
5s

2
4d

10
5p

3
. Which of the following represents the valence 

shell and atomic ground state used in describing the bonding and structure of its 

compounds when using valence bond theory? 

a) 4d
10

5s
2
5p

3
 

b) 5s
2
5p

3
5d

0
 

c) 5s
2
5p

3
5d

10
 

d) 4d
10

5s
2
5p

3
5d

0
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5) (1 mark) Several different radii can be attributed to an element. For potassium, 

which is the correct order for increasing radius: 

a) K(metallic)   <   K
+
 (6-coordinate)  <  K

+
(8-coordinate) 

b) K
+
(6-coordinate)  <  K

+
(8-coordinate)  <  K(metallic) 

c) K(metallic)   <   K
+
(8-coordinate)  <  K

+
(6-coordinate) 

d) K
+
(8-coordinate)  <  K(metallic) <  K

+
(6-coordinate) 

6)  (1 mark) Consider the ionization of the remaining electron of He
+
. Compared with 

ionization from the ground state (n = 1), which of the following is true? 

a) It is 9 times more difficult to remove the last electron if, instead, it starts out in 

the n = 3 level. 

b) It is 3 times more difficult to remove the last electron if, instead, it starts out in 

the n = 3 level. 

c) It is 9 times easier to remove the last electron if, instead, it starts out in the n = 3 

level. 

d) It is 3 times easier to remove the last electron if, instead, it starts out in the n = 3 

level. 

7) (2 marks) The diagram below shows an electron configuration. 

 

 Which two of the following statements are true? 

a) The configuration is forbidden by Hund’s rule 

b) The configuration represents an excited state as defined by Hund’s  rule 

c) The diagram could be showing the valence electrons of Ge 

d) The configuration is forbidden by the Pauli principle 
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8)  (5 marks) Five linear combinations of atomic orbitals to make molecular orbitals 

are depicted below. Mark whether the resulting molecular orbital is classified as 

bonding, antibonding, or neither, and if they are bonding or antibonding, indicate 

whether the molecular orbitals are σ or π. (The shading is indicative of the relative 

signs of ψ, that is, unshaded means positive ψ, shaded means negative ψ (or the 

reverse).  

Combination 

Bonding, 

antibonding or 

nonbonding? 
σ or π? 
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9) The chemistry of the oxy-acids and their salts of sulphur is quite complicated: be 

thankful we do not ask you to memorize them all! One ion is the disulphite ion, 

which can be isolated as Na2S2O5. The anion contains a sulphur – sulphur single 

bond.  

a) (3 marks) Draw a Lewis structure for the anion, and give the geometry and 

hybridization at each of the sulphur atoms. 

 

 

 

 

 

  

b) (1 mark) In your Lewis structure and any equivalent canonical (resonance) 

structures, what are the sulphur – oxygen bond orders, and (average) charges on 

the individual atoms. 

 

 

10) (2 marks) Explain the difference between the covalent radius, and the van der Waals 

radius of an atom. 



 

11) (3 marks) Three molecular orbital energy level diagrams are shown below. 

the correct diagram for each cas

levels for C2, O2, and NO

you are putting on which diagram by completing the labels below the diagrams. 

Give the bond order of each species.

Bond Order =   

 

Bond order = 
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marks) Three molecular orbital energy level diagrams are shown below. 

the correct diagram for each case, show the electrons on the molecular orbital 

, and NO
+
. Please make sure to distinguish which molecule or ion 

you are putting on which diagram by completing the labels below the diagrams. 

Give the bond order of each species. 

          

        

marks) Three molecular orbital energy level diagrams are shown below. Using 

on the molecular orbital 

. Please make sure to distinguish which molecule or ion 

you are putting on which diagram by completing the labels below the diagrams. 



 

Bond order =  

 

12) (3 marks) Molecular orbital theory 

than Valence Bond (Lewis) theory. Briefly explain this statement.

question 11 if you wish.)
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Molecular orbital theory is more successful at describing the molecule O

than Valence Bond (Lewis) theory. Briefly explain this statement. (You can refer to 

question 11 if you wish.) 

is more successful at describing the molecule O2 

(You can refer to 
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