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Name ___________________________________ 

Student Number ___________________________ 

Chem 241 Section 51 - Mid-term Exam - 1¼ hours 

October 28
th

, 2009 

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) Fluorine-19 is the only stable isotope of fluorine. All other are radioactive. 

Which mode of decay is most likely for Fluorine-18? 

a) 18
F    +     β−

    →    
18

O 

b) 18
F   →    

18
Ne    +    β−

 

c) 18
F   →    

9
Be    +    

9
B  

Answer a): Fluorine-19 is stable, so fluorine-18 must have a neutron/proton ratio which 

is “uncomfortably” low. Electron capture converts a proton into a neutron raising the 

ratio.  

Comment: Oxygen-18 is a stable isotope of oxygen. 

2) (1 mark) Consider the following orbitals: 4s, 5s, 6s, 4px, 5px, 6px, 4dz2, 5dz2 and 6d z2. 

Which orbitals feature 3 radial (spherical) nodes? 

a) 4s, 5px, 6dz2 

b) 5s, 6px 

c) 4dz2 only 

d) None of the above 

Answer a): The number of spherical nodes is given by n – l – 1.   

3) (1 mark) A rhodium atom in the gas phase has the configuration [Kr]5s
1
4d

8
. In rhodium 

(I) compounds (Rh
+
), the configuration of the ion is: 

a) [Kr]5s
2
4d

6
 

b) [Kr]5s
1
4d

7
 

c) [Kr]5s
0
4d

8
 

d) [Kr]5s
0
4d

6
  

Answer c): For ions of the transition metals the ns orbital is above the (n – 1)d orbitals 

in energy, so the d orbitals are filled first, and the ns orbitals will always be empty. 
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4)  (1 mark) A Xenon atom has configuration: 1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
3d

10
4p

6
5s

2
4d

10
5p

6
. 

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

6
 

b) 5s
2
5p

6
5d

0
 

c) 5s
2
5p

6
5d

10
 

d) 4d
10

5s
2
5p

6
5d

0
 

Answer b): The orbitals considered as the valence shell of a main group element are the 

partially filled or filled ns and np orbitals, and the empty nd orbitals, if any. Filled (n – 

1)d orbitals are part of the core.  

5)  (1 mark) Several different radii can be attributed to an element. For fluorine, which is 

the correct order for increasing radius: 

a) F(covalent)  <  F
–
(4-coordinate)  <  F

–
(6-coordinate) 

b) F(covalent)  <  F
–
(6-coordinate)  <  F

–
(4-coordinate) 

c) F
–
(6-coordinate)  <  F

–
(4-coordinate)  <  F(covalent) 

d) F
–
(6-coordinate)  <  F

–
(4-coordinate)  <  F(covalent) 

e) None of the above 

Answer a): Anions are always larger than the atoms from which they are derived so the 

choice is initially between a) and b). In addition, the effective anion sizes increase with 

the coordination number – the number of nearest neighbor anions. 

6) (1 mark) Consider removal of the last electron from the ions Li
2+

 and Be
3+

. Which of 

the following statements is true? 

a) The ionization energy for the two ions are equal. 

b) Li
2+

 is 1.33 times more difficult to ionize than Be
3+

 

c) Be
3+

 is 1.33 times more difficult to ionize than Li
2+

 

d) Li
2+

 is 1.78 times more difficult to ionize than Be
3+

 

e) Be
3+

 is 1.78 times more difficult to ionize than Li
2+

 

Answer e): In this case the electron is excited from orbit or orbital n = to n = ∞. The 

energy associated with this, if there is just one electron (hydrogen or a hydrogenic 

cation, e.g. He
+
) is directly proportional to the nuclear charge, Z, squared; 9 in the case 

of Li
2+

 and 16 in the case of Be
3+

. The ratio 16/9 = 1.78. 
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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 Se 

d) The configuration is not forbidden by the Pauli principle 

Answers b) and d): According to Hund’s rule, the electrons in degenerate (same energy) 

half-filled orbitals should have their spins parallel, in order to have the lowest energy. 

Otherwise, the atom is in an excited, but not impossible (forbidden) state. The excited 

state configuration shown has no electrons in the same orbital with parallel spins, so it 

is not forbidden by the Pauli principle. 

Comment: Se has its valence electrons in the 4s and 4p orbitals!  
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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 non-bonding, 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? 

 

Non-bonding N/A 

Bonding σ 

Antibonding 

 

π 

Bonding 

 

σ 

Bonding σ 
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9) Nitramide, NH2NO2, an lesser known nitrogen compound with a nitrogen – nitrogen 

single bond, can be made from hydrazine and ammonia: 

N2O5 + 2NH3 → O2NNH2 + NH4NO3 

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

hybridization at each of the nitrogen atoms. 

Left-hand Nitrogen: 

Basic shape: trigonal 

Observed shape: trigonal  

Hybridization: sp
2
 

 Right-hand Nitrogen:  

Basic shape: tetrahedral 

Observed shape: trigonal pyramidal 

Hybridization: sp
3
 

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

structures, what is the average nitrogen – oxygen bond order, and (average) charges 

on individual atoms. 

Left-hand Nitrogen: 

Average nitrogen – oxygen bond order: 1½ 

Average charge on oxygens: -½ 

10)  (2 marks) Using box diagrams of their electron configurations, explain why the 

electron affinity of phosphorus is smaller than that of silicon, although in general, 

electron affinities increase across a period.  

 

 

 

The electron affinity is related to the electron capture enthalpy, the energy released 

when an electron is added to an atom. 

Using Slater’s rules it appears that the effective nuclear charge of silicon is lower than 

that of phosphorus, so it might be expected that the electron affinity would also be 

lower. 

However, silicon has a vacant 3p orbital which can more easily accommodate the 

additional electron than the half-filled 3p orbitals of phosphorus. (Adding a second 

electron to one of the phosphorus 3p orbitals requires overcoming the electron – 

electron repulsion, and also leads to a loss of quantum mechanical “exchange energy”.) 

 3s   3p  

Si ↑↓  ↑ ↑  

 3s   3p  

P ↑↓  ↑ ↑ ↑ 



Page 6 of 8 

 

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

correct diagram for each case, show the electrons on the molecular orbital levels for B2, 

O2
2–

, and CN
–
. 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. (Answers in blue.) 

Atom = B       Molecule = B2        Atom = B 

Bond Order = (4 bonding electrons – 2 antibonding electrons)/2 = 1 

 

Atom = O
–
        Molecule = O2

2–
       Atom = O

–
         

Bond order = (8 – 6)/2 = 1 
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Atom = C      Molecule = CN
–
    Atom = N

–
 

Bond order = (8 – 2)/2 = 3 

Comments: 

The question did not ask for the atomic configurations, but it is probably a good idea to 

include them in order to avoid  miscounting the electrons. 

Molecular levels are filled, just as are atomic levels, using the aufbau principle and 

Hund’s rule.  

12) (3 marks) The H-N-H angle in ammonia is about 107
o
, and as one goes down the 

pnictogen group (Group 15), the equivalent angle decreases so that the H-Sb-H 

angle is about 90
o
 in stibine, SbH3. What effect causes this decrease in bond angle.  

The energy difference between the ns and np orbitals increases such that sp
3
 

hybridization becomes less favorable over using pure p orbitals to form the 

pnictogen – hydrogen bonds. The angle therefore drops from close to the 

tetrahedral ideal to the 90
o
 angle between the p orbitals.  

(What was the stereochemically active (sticking out) lone pair becomes 

spherically symmetrical about the nucleus, part of the core and chemically 

inactive.) 

Reasonable attempts to explain this effect invoking lone pair – bond pair repulsion 

variations also received marks. However, just mentioning bond polarity, without 

explanation of how it influences the angle was not enough. 
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