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MIDTERM 1: CHM 2311 – Introduction to Structure and Bonding 
 
 
Professor: Jaclyn Brusso  
 
Date: February 11, 2016   
 
Duration: 70 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 8 questions. You are expected to answer all 8 questions. 
- There are 8 pages. Please make sure you have all 8 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! 
 
 
 

Question Grade 	
   Question	
   Grade	
  
1          /3 	
   5	
            /9	
  
2          /3 	
   6	
            /6	
  
3          /2 	
   7	
            /6	
  
4          /5 	
   8	
            /14	
  
	
   	
   	
   	
   	
  

TOTAL  	
   	
           /48	
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1. (3 marks) A ground state hydrogen atom absorbs a single photon of radiation of wavelength 102.6 
nm. What is the principal quantum number of the electron after the atom absorbs the photon? 

 
Answer:  
 

E = hc/lambda  
E =  (6.626 × 10-34 Js)(2.99 × 108 m/s)/(102.6 × 10-9 m) 
E =  1.936 × 10-18 J 
 
E = RH [(1/nlower^2) – (1/nhigher^2)] 
E/RH = (1/nlower^2) – (1/nhigher^2) 
1 – (1/nhigher^2) = 0.8885 
 n = 3 
 

 
 
 
 
2. (3 marks) Calculate Zeff for an electron in the 3d orbital of Se atom 

 
Answer:  

 
 

3. (2 marks; 1 mark each)  
(a) One of the valence electrons in a ground state atom has the quantum numbers n = 4, l = 1, ml = 
0, ms = +½. What element(s) could this be?  
 
Answer: Any of the p-block elements of the fourth row 

 
 (b) What is the atomic orbital designation for an electron having the quantum numbers n = 5, l = 
3, ml = -1, ms = -½. 

 
Answer: 5f 

✔ 

✔ 

✔ 

Recall from Lecture Notes Part 2 that the electrons to the right of the group in question do 
not participate in shielding 

✔ 

✔ 

✔ 
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4. (5 marks) The energy conservation principle that applies to the photoelectric effect is: 
 

Ephoton = KEelectron + W 
 
where Ephoton is the energy of the photon, KE is the kinetic energy of the ejected electron and W is 
the work function for the metal.  
 
(a) If X-rays of frequency 30.3 × 1016 Hz are used to remove a 2s electron from neon and the 
kinetic energy of the ejected electron is 193.2 × 10-18 J, calculate the minimum energy required to 
remove a single 2s electron from neon (i.e., calculate the work function for neon). (3 marks) 
 

Answer: 
1 mark: Ephoton = hν = (6.626 × 10-34 J s)(30.3 × 1016 s-1) = 2.007678 × 10-16 J 

 
1 mark: W = Ephoton – KEejected electron  

 
1 mark: W = (2.007678 × 10-16 J) – (193.2 × 10-18 J) = 7.5678 × 10-18 J 

 
 
 
 
 
 
 
 
 
 
 
 
(b) What are the speed and de Broglie wavelength of the ejected electron? (2 marks) 
 

Answer: - this answer is wrong 
 

KE = 193.2 × 10-18 J 
 

1 mark: KE = ½ mev2  à v = (2 KE/me)½ = 2.06 × 107  m/s  
  

I mark: de Broglie lambda = h/mev = 0.03532 nm 
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5. (9 marks) In class we worked through the solution to the particle in a one-dimensional box with 
infinite potential energy walls and length a. 
 
(a) What is the energy of the particle in the ground state? (3 marks) 

 
Answer: The ground state of the particle is n = 1 
 

 
 

(b) How much energy is required to excite this particle to its second excited state? (3 marks) 
 
Answer: The first excited state of the particle is n = 2; the second excited state is n = 3. 
Calculate the energy of the particle in the second excited state and determine the difference 
between the ground state. 
 

 
 
 

(c) Sketch ψ and ψ2 for the second excited state. (2 marks) 
 
Answer: 
 

 
 
 
 
 
 

(d) What is(are) the value(s) of a for the maximum probability of finding the particle in the second 
excited state? (1 mark) 

 
Answer: Maximum probabilities for the second excited state occur at (1/6)a, (3/6)a and (5/6)a 

 
 

0 a 0 a x x 

✔ 

✔ 
✔ 

✔ 

✔ 

✔ 

✔ ✔ 
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6. (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 first electron affinity of Si is higher or lower than P.  
 
Answer: 
Adding an electron to electron to Si (3s2 3p2) is more favourable than adding to phosphorus (3s2 
3p3), therefore the electron affinity will be more negative. 
 
 
 
 
 
 
 
 
 
 
(c) The bond angle in H2S should be bigger or smaller than that found in H2O.  
 
 
Answer: 
The H-S-H bond should be smaller. Sulphur is more electropositive than oxygen, more 
electronegative atoms draw electron density towards the central atom, causing an increase in the 
electron-electron repulsion and hence, larger bond angle  
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7. (8 marks) Draw the valence bond representation of acetaldehyde (CH3CHO). Be sure to classify 
each bond as σ or π, identifying the orbitals involved. Predict the bond angles associated with the 
underlined carbon atom. Which of the two bonds C-C or C-O is likely to be weaker? Explain your 
reasoning. 

 
Answer: 
1 mark: correct shape and bonding 
3.5 marks: bond types and labels (½ mark each) 
 3 × σ (Csp3 – Hs); 1 × σ (Csp2 – Hs); 1 × σ (Csp3 – Csp2); 1 × σ (Csp2 – Osp2 ); 1 × π(Cp – Op) 
 
1.5 mark: bond angles for sp2 carbon (½ mark each) 

one <120; two >120 
 

 
 

One carbon is sp3 hyrbrized and the other is sp2. The double bond between C and O consists of a σ 
and π bond. The π bond is formed by the unhybridized p-orbital on the sp2-hybridized carbon and 
p-orbital on O. The p orbitals on C and O are perpendicular to the plane of the page. The C-C bond 
is expected to be weaker than C=O as it consists only of one σ bond (no π bond). The bond 
energies are 348 kJ/mol and 802 kJ/mol, respectively. (2 marks) 
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8. (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: 

 
Lewis: 2 × 6 + 5  = 17 valence electrons  
 
 
 
 
 
 

 
 
 
 

Geometry:   __Trigonal Planar____________  Shape:  __bent or V-shaped______ 
 

 
Polarity:   __Polar _____________  Hybridization:____sp2_____________ 

 
 
(b) XeF2 
 
Lewis Structure:     3D Drawing: 
 
Lewis: 7 × 2 + 8 = 22 valence electrons  

 
 
 
 
 
 
 
 
 
Geometry:   ____Trigonal Bipyramidal______ Shape:  _____Linear_________ 

 
 

Polarity:   ____Nonpolar       ___________ Hybridization:__sp3d3_____________ 
 

 

 

F F Xe F F Xe 
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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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