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MIDTERM 1: CHM 2311 – Introduction to Structure and Bonding 
 
 
Professor: Jaclyn Brusso  
 
Date: February 13, 2014   
 
Duration: 80 minutes 
 
Name:____________________________________________________         
 
Student Number:____________________________________________ 
 
Instructions:  

 
- Be sure to print your name and ID number clearly on this test booklet.  
- This is a closed book examination. 
- Please write legibly and show your work to receive credit for your answers. Partial marks in 

some cases may be awarded for partially correct work.  
- For remarking, the exam must be written in pen. 
- There are 10 questions. You are expected to answer all 10 questions. 
- There are 10 pages. Please make sure you have all 10 pages. NOTE: the last page is a DATA 

SHEET. You may tear it off. 
- At the end of the exam, turn in this test booklet and the data sheet. 

GOOD LUCK! 
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1. (5 marks) Describe the electronic transition that is responsible for the 656.3 nm emission of a 

hydrogen atom (i.e., determine the initial and final electronic states). For full marks, be sure to 
show all of your logic and math.  
 
Answer:  

 
 
2. (4 marks) The energy conservation principle that applies to the photoelectric effect is: 

 
Ephoton = KEelectron + W 

 
where KE is the kinetic energy of the ejected electron and W is the work function for the metal. 
The work function is the minimum energy required to eject an electron from the metal surface. If 
calcium (W = 4.34 x 10-19 J) is irradiated with 325 nm light, what are the speed and de Broglie 
wavelength of the resulting photoelectron beam? 
 

Answer: 
1 mark: Ephoton = hc/lambda = 6.112 x 10-19 J 

 
1 mark: KE = Ephoton – W = 1.772 x 10-19 J 

 
1 mark: KE = ½mev2  à v = (2 KE/me)½ = 6.25 x 105 m/s  

  
I mark: de Broglie lambda = h/mev = 1.17 nm 

 
 
 
 
 

✔ 

✔ 

✔ 

✔ 

✔ 
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3. (3 marks) Define “zero-point energy” and calculate it for an electron in a one-dimensional box 
with length 26 pm.  
 
Answer: 

1 mark: Zero-point energy is the lowest possible energy of a particle (e.g., the particle in a box).  
 

1 mark: For a particle in a 1-D box, the energy is defined as  

 
1 mark: The zero-point energy for an electron in a 1D box of length 26pm is 

 
 

4. (6 marks) Complete the following for the ground-state of (a) Ru3+ and (b) Ga3+:  
(i)   Write the noble gas core electron configuration 
(ii)  Draw the orbital energy-level diagram (only show the valence orbitals and electrons) 
(iii) Identify the species as paramagnetic or diamagnetic 

 
Answer:  
(a) Ru3+: [Kr] 5s04d5  

(electrons are removed from the s orbital, then from the d orbitals). 
 

  
 
 

(b) Ga3+: [Ar] 4s04d10  
(electrons are removed from p, then s orbitals). 
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5. (8 marks) In class we looked at radial and angular wave functions of hydrogen orbitals. 
(a) On the axis below, sketch a plot of the radial probability (4πr2ψ2) of finding a 4p electron at 

distance r from a nucleus. (1 mark) 
 
 

 
 

(b) The angular wave function for an orbital is given by: 
 

= (15/4π)1/2 (yz/r2) (r is the radial distance) 
 

Under what conditions do wave functions have nodes? Under what condition does this wave 
function have an angular node? Which plane or planes correspond to nodes for this orbital (a plane 
is defined by two coordinates)? What is the value of the quantum number l for this orbital? (4 
marks) 
 

Answer:  
Nodes are where the wave function changes sign or where the probability goes to zero.  
 
For this function the following conditions will give nodes: 
z = 0 any value of y and x – this is the xy plane 
y = 0 any value of x and z – this is the xz plane 
 

Since there are two angular nodes this corresponds to an l value of 2 

r

4πr2ψ2

),,( zyxθφ

✔ 

✔ 

✔ 
✔ 
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(c) (3 marks) Draw the orbital described in part (b). Explain using diagrams whether the orbital is 
symmetric or antisymmetric with respect to: 

i. inversion 
ii. reflection in the xy plane (e.g., σxy)  

    
Answer:  
1 mark:  dyz   1 mark: symmetric with respect to inversion;  

1 mark antisymmetric with respect to reflection in the xy plane 

 
 
 
 
 
 

6. (10 marks) Calculate the effective nuclear charge for an electron in the highest energy level (i.e., 
furthest from the core) for each of the following species: Na, Na+ and Na-. Explain the trend in 
your results. 
 
Answer: 
Z = 11 for Na 

Electronic configuration of Na  = 1s22s22p63s1; thus the slater ordering will be: (1s2) (2s2, 2p6) (3s1, 3p0) 
 

Zeff = Z-S = 11 – (0.85(8) + 1(2)) = 2.2 
 
 

Electronic configuration of Na+  = 1s22s22p6; thus the slater ordering will be: (1s2) (2s2, 2p6)  
 

Zeff = Z-S = 11 – (0.35(7) + 0.85(2)) = 6.85 
 
 

Electronic configuration of Na-  = 1s22s22p63s2; thus the slater ordering will be: (1s2) (2s2, 2p6) (3s2, 3p0) 
 

Zeff = Z-S = 11 – (0.35 + 0.85(8) + 1(2)) = 1.85 
 
 
 
Based on these calculations, an electron will be more tightly bound, and feel a stronger nuclear 
attraction in the following order: Na+ > Na > Na- 

 
BONUS: This is consistent with other properties/trends such as atomic/ionic radii (smaller to 
larger), ionization potential (higher to lower) and electron affinity (lower to higher).  
 

✔ 

✔ 
✔ 

✔ 

✔ 
✔ 

✔ 

✔ 
✔ 

✔ 

✔ 



CHM2311 Midterm 1 – Winter 2014 

Page 6 of 10 

7. (6 marks; 2 marks each) Predict and explain whether: 
 
(a) The boiling point of SO2 is higher or lower than CO2.  

 
 

Answer: 
Sulphur dioxide is a polar molecule (bent) while carbon dioxide is nonpolar (linear). The dipole-
dipole forces between SO2 molecules are stronger than the induced dipole-induced dipole forces 
between CO2 molecules. Therefore, SO2 has a higher boiling point.  

 
 

 
 

 
 
 

(b) The bond length of H-Cl is shorter or longer than H-I. Be sure to use valence bond theory 
concepts in your response.  

 
 
Answer: 
According to valence bond theory, bonding occurs when the outermost orbitals of two atoms 
overlap. Bond length and strength can be evaluated by considering these orbitals.  
Iodine is a larger atom than chlorine, therefore its outermost orbitals are further away from the 
nucleus, therefore, the H-I bond will be longer than H-Cl. 
 
Bond strength results from attraction to the bonding electrons to the nuclei of both atoms. Since 
the H-I bond is long, the electrons in this bond are far from the nucleus of iodine, therefore their 
attraction to that nucleus will be weaker. Therefore, H-Cl is a stronger bond than H-I 

 
 

 
(c) The first electron affinity of sulphur is more or less negative than oxygen.  
 
Answer: 

Natures trick! Special case for oxygen and fluorine due to size of atom – greater degree of 
electron electron repulsion upon addition of an electron therefore the EA is less negative than 
S and Cl respectively 
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8. (6 marks) Consider the bonding in COBr2 according to valence bond theory.  
(a) Draw a Lewis structure for COBr2.  

 

 
 
 

(b) What is the hybridization of the carbon atom? 
 
sp2 
 
 

(c) Clearly indicate which atomic orbitals combine to make each σ bond in COBr2. 
 

 
 
 

(d) Clearly indicate which atomic orbitals combine to make each π bond in COBr2. 
 

 
 
 

σ: C(sp2)–O(2sp2) 

σ: C(sp2)–Br(4p) 
–Br(4p) 
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9. (14 marks; 1 mark per blank; no partial credit) For the following molecules:  
i) Draw the Lewis structure. If more than one non-equivalent resonance structure is possible, 

only draw the most stable structure. 
ii) Indicate any non-zero formal charges in the Lewis structure  
iii) Determine the VSEPR geometry and shape of the molecule  
iv) Draw the three-dimensional representation of the molecule  
v) Determine whether the molecule is polar or non-polar  
vi) Give the hybridization of the central atom  
 
(a) NO2 
 
Lewis Structure:     3D Drawing: 

 
 
 
 
 
 
 
 
 
 
 

 
Geometry:   _Trigonal Planar ______ Shape:  __Bent or V-shaped_______ 

 
 

Polarity:   __Polar _____________ Hybridization:____sp2_____________ 
 

(b) ClO3
- 

 
Lewis Structure:     3D Drawing: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Geometry:   ____Tetrahedral _______ Shape:  _____Trigonal pyramidal_________ 

 
 

Polarity:   ____Polar       ___________ Hybridization:__sp3_____________ 
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10. (10 marks; 2 marks each) For each of the following, indicate the highest rotation axis and if there 

is a plane of reflection. If there is a plane of reflection, indicate what type. 
 

 Compound Rotation/Reflection label 

Example BF3 
 

C3, σh 
 

(a) 

	
  
	
  

	
  

 

C2, σh 

(b) 
 

ClF5 
 

C4, σv 

(c) 

 
 

 
 
 

C2, σv 

(d) 

 

        

C∞	
  ,	
  σv 

(e) 

 

 

 

C3 , σv 

 
 

H

H

Br

Br
Br Br

C

Cl
Br Cl

Br
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DATASHEET 
 

 
 
 
 
Constants: 
NA = 6.022×1023 mol-1 
Rydberg constant = RH = 2.179 × 10-18 J 
Planck’s constant = h = 6.626 × 10-34 J s 
Speed of light = c = 2.998 × 108 m s-1 
Electron mass = me = 9.11 x 10-31 kg 
Bohr radius (ao)  = 52.9 pm 
 
Conversion Factors: 
1 J = 1 kg m2 s-2 
1 J = 6.241× 108 eV 
 

 
 
 
 
 
 

 
Useful Equations: 
 

          
 

 

 
 
ψ (r,θ,φ) = R(r)Y(Θ, Φ)   
The volume element is r2sinΘdΘdΦdr 
 
E = ½ mv2  
h = mvλ 
h = λρ 
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