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MIDTERM 1: CHM 2311 – Introduction to Structure and Bonding 
 
 
Professor: Jaclyn Brusso  
 
Date: February 15, 2018   
 
Duration: 75 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 9 questions. You are expected to answer all 9 questions. 
- There are 9 pages. Please make sure you have all 9 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          /4  6          /1 
2          /6  7          /7 
3          /6  8          /14 
4          /4  9          /15 
5          /1    
     

TOTAL            /58 
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1. (4 marks) The energy conservation principle that applies to the photoelectric effect is: 
 

Ephoton = KEelectron + W 
 

where Ephoton is the energy of the photon, KEelectron 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. 
 
(a) If calcium is irradiated with 275 nm light, and the work function for calcium metal is 4.60 x 10-

19 J, what is the kinetic energy of the ejected electron?  
 
Answer:  
Ephoton = hc/l = 7.22 x 10-19 J 
 
KE = Ephoton – W = 2.62 x 10-19 J 
 
 
 

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

Answer:  
 KE = ½mev2  à v = (2 KE/me)½ = 7.59 x 105 m/s 
 

de Broglie l = h/mev = 9.58 x 10-10 m 
 

✔ 

✔ 

✔ 

✔ 
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2. (a) Provide the electron configuration for Ni and Ni2+. (1 mark; ½ mark each; no partial credit) 
 
Answer:  
Ni2+: [Ar] 4s2 3d8 
Ni2+: [Ar] 3d8 

 
 

(b) Using Slater’s rules and Zeff, explain the electron configuration obtained in (a). (5 marks) 
 
Answer:  

 
 
The effective nuclear charge for the 4s electron is considerably smaller than the value for the 3d 
electron, which is equivalent to stating that the 4s electron is held less tightly than the 3d and 
should therefore be the first removed upon ionization. This is consistent with experimental 
observations on nickel compounds that Ni2+ has a configuration of [Ar] 3d8, rather than [Ar] 4s2 
3d6, corresponding to loss of the 4s electrons from nickel atoms.  

✔ 

✔ 

✔ 

✔ 
✔ 
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3. (6 marks; 1 mark each; no partial credit) For the 3pz and 4dxz hydrogen-like atomic orbitals, 
sketch the following:  
(a) The radial function R 
(b) The radial probability function aor2R2 
(c) The boundary surface plots 
 
Answer:  
(a)      3pz               4dxz 

    
 
 
(b)      3pz               4dxz 

    
 
(c) 
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4. (4 marks; 2 marks each) Predict and explain: 
 
(a) which of the atoms Mg, P, Si, Al, S has the highest first ionization energy?  
Answer: 

In general, the first ionization potential of an atom increase as Zeff increases. Zeff increases as 
go from left to right across the periodic table. Based on this argument the answer would be 
S; however, P has a higher first ionization energy than S due to electron-electron repulsion in 
S which destabilizes the 2p orbital that contains the electron that would be removed – this 
makes it easier to remove an electron from S than P.  

 
 
(b) whether the Cl-S-Cl bond angle in thionyl chloride (SOCl2) is larger or smaller than the O-S-O 
bond angle in the sulfur dioxide (SO2).  
 
Answer: 
Thionyl chloride should have a smaller bond angle because it is tetragonal geometry (trigonal 
pyramidal shape; sp3 central atom) whereas sulfur dioxide has trigonal planar geometry (bent 
shape; sp2 central atom). 
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5. (1 mark) Provide the hybridization of all the carbon atoms in the acetylene anion (shown below). 
In what type of orbital do the nonbonding pair of electrons reside?  
 

 
 
Answer:  
The carbon atoms are sp hybridized and the lone pair of electrons reside in an sp orbital.  
 

6. (1 marks) What hybridization change does the carbon atom undergo in the combustion of 
methane? 

CH4 (g) + 2 O2 (g) → CO2 (g) + 2 H2O(g) 
 
Answer: ½ mark each 
sp3: CH4  
sp: CO2  
 

7.  (7 marks) In the following molecule, identify all atoms that have a trigonal planar geometry. Can 
you make any correlations between obvious structural features and the geometries? Explain. 
 

 
Answer: 
½ mark for each atom – 5 marks 

 
 

 
All the atoms here that are involved in forming double bonds have trigonal planar geometry and 
will be best described as sp2-hybridized. This trend is generally true and the key feature overall is 
that these regions of the molecule are flat. Interconnected groups of trigonal planar atoms lead 
to planar regions of a molecule. Considering the orbital pictures, these planar regions can be 
described as having electron density residing above and below the sigma framework because the 
p-orbitals used to make the pi bonds lie perpendicular to the plane with the sigma bonds (note 
allenes as special cases).  

 
 

C CH

N

O

Cl

OH

✔ 

✔ 
✔ 
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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) PSCl3 (P is central) 
Lewis Structure:     3D Drawing: 

 
Lewis: 5 + 6 + (3 × 7) = 32 valence electrons  
 
 
 
 
 
 

 
 
 

Geometry:   __Tetrahedral____________  Shape:  __tetrahedral______  
 

Polarity:   __Polar _____________ Hybridization:____sp3_____________  
 

 
(b) XeO2F2 
Lewis Structure:     3D Drawing: 

 
Lewis: 8 + 6 × 2 + 7 × 2 = 34 valence electrons  

 
 
 
 
 
 
 
 
 
Geometry:   ____Trigonal Bipyramidal______ Shape:  _____see-saw _________ 

 
 

Polarity:   ____Polar       ___________ Hybridization:__sp3d_____________ 
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9. (15 marks) Answer the following questions for A – F. Consider the molecules as drawn. 
(a) What is the principle rotation axis for each? 
(b) Which if any have a σh? 
(c) Which if any have either a σv or a σd? 
(d) Which if any have a center of inversion? 
(e) Which if any have an improper rotation and what is it?   

 

ClF3 

  
 

A B C 

  
 
 
 

 
 

 
 

D E F 
 
 
Answer:  
A: C2v 
B: C3h  
C: Cµv  
D: D3d 
E: D2h 
F: Nonplanar: C3 
 

(a) 6 marks; see point groups above 
(b) 1 mark – B  
(c) 4 marks – A, C, D, E 
(d) 2 marks – D, E 
(e) 2 marks – B, D 

 

Cl

Cl
AlAl

Cl

Cl

Cl

Cl
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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: 
 

          
  

  
 y(r,q,f) = R(r)U(Q,F) 
The volume element is r2sinQdQdFdr 
 
KE = ½ mv2  
h = mvλ 
h = λρ 
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