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Fall 2006     Chemistry 1000 Practice Test #2*               ____/ 64 marks 

 

INSTRUCTIONS: 1) Please read over the test carefully before beginning.  You should have 

7 pages of questions, and a periodic table (8 pages total).  If you need 

extra space, please use the bottom half of the periodic table page and 

clearly indicate which question is being answered. 

 2) If your work is not legible, it will be given a mark of zero. 

 3) You may use a calculator. 

 4) You have 90 minutes to complete this test. 

 

 

1. Complete the following table.  Where charge(s) are necessary, place them on the 

appropriate atom(s) in the Lewis electron dot structure.         [10 marks] 

 

Formula Lewis Electron Dot Structure 
Electron Pair 

Geometry 

Molecular 

Geometry 

Predicted 

Bond Angle
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2. Complete the following table.                 [5 marks] 

Molecular Formula Name 

(NH4)2SO4 ammonium sulfate 

FePO4 · 4H2O iron(III) phosphate tetrahydrate 

Ca(OCl)2 calcium hypochlorite 

P2O5 diphosphorus pentoxide (or diphosphorus pentaoxide) 

NiS nickel(II) sulfide or nickel(II) sulphide 

 

 

 

3. Which of the molecules below is more polar?  Justify your answer.          [6 marks] 

SCl4   vs.   CCl4 

 

 

CCl4 is a nonpolar molecule.  Its tetrahedral geometry makes all of the bond dipoles cancel out, 

leaving the molecule with no net dipole. 
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SCl4 is a polar molecule.  Its see-saw geeometry does not allow the bond dipoles to cancel out, 

leaving the molecule with a net dipole. 
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4. Sodium benzoate is a common preservative added to foods.  The benzoate anion has a 

molecular formula of C6H5CO2

-
 with the atoms connected as shown below: 

                 [10 marks] 
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(a) In the space below, draw Lewis structures for all resonance structures of the benzoate 

anion, placing charge(s) on the correct atom(s). 

(b) How many atoms in the benzoate ion have sp
3
 hybridization?  ___0___ 

(c) How many atoms in the benzoate ion have sp
2
 hybridization?  ___9___ 

(d) How many atoms in the benzoate ion have sp hybridization?   ___0___ 

***Because of the resonance, all nine C and O atoms are sp
2
 hybridized.*** 

***No H atoms are hybridized in any way.*** 

 

There are four resonance structures for the benzoate anion: two resonance forms of the benzene 

ring and two resonance forms of the carboxylate group (CO2
-
).  Mix and match to get four 

resonance structures total. 
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5.                 [10 marks] 

(a) What are the three requirements for two atomic orbitals to be able to combine to make a 

bonding molecular orbital?  For each requirement,  

i. show a pair of orbitals that meet the requirement and the molecular 

orbital(s) which they form, and  

ii. show a pair of orbitals that do not meet the requirement and the result of 

their interaction.  

(b) Explain why it is easy to rotate about (or twist) a σ bond but not a π bond. 

 

(a) The three requirements are that the two atomic orbitals line up with the correct phase, line 

up with the correct symmetry and have similar energies. 

Phase:  

 i. Two atomic orbitals in phase overlap to give a bonding molecular orbital: 

 

 

ii. Two atomic orbitals out of phase give an antibonding molecular orbital: 

 

 

Symmetry: 

i. Two atomic orbitals with the same symmetry overlap to give a bonding molecular 

orbital.  (see example i. of phase) 

 ii. Two atomic orbitals with different symmetry (different nodes) don’t interact: 

 

 

 Energy: 

i. Two atomic orbitals with similar energies overlap to give a bonding molecular 

orbital.  

 

 

 

 

Energy

H HH2

1s 1s

σ1s

σ*1s

ii. Two atomic orbitals with very different energies don’t interact (or interact very 

little).  

 

 

 Energy

ground state H excited H

1s

4s
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(b) A σ bond has much of its electron density between the two nuclei.  It has no nodes 

between the two nuclei, so rotation will not affect the symmetry required for the bond.  

Thus, twisting a σ bond requires very little energy. 

  

A π bond has a node along the axis between the two nuclei.  Rotating one of the atoms in 

the π bond will rotate the orbitals on that atom and break the symmetry required for the π 

bond.  The bond will be broken by twisting it.  Thus, twisting a π bond requires enough 

energy to break the bond (and is therefore difficult to do). 

   

To picture this, try an easy (and tasty!) experiment with toothpicks and marshmallows. 

 

σ bond: 

Attach two marshmallows with a toothpick then try to spin one of the marshmallows.  It’s easy!  

(Just like twisting a σ bond is easy.)   

 

π bond: 

Attach two marshmallows with two toothpicks, one near the tops and one near the bottoms.  Try 

spinning a marshmallow now (without letting the other one move).  It’s not so easy anymore; 

you’ll probably wind up breaking one of the marshmallows.    (Just like twisting a π bond is not 

very easy – and breaks the bond, since breaking atoms isn’t feasible.) 

 

 

6. DNA consists of three types of molecules connected together.  The “coding” molecules 

are called nitrogenous bases (because they are bases that contain nitrogen).  The molecule 

shown below is adenine, one of the four nitrogenous bases in DNA.           [5 marks] 
sp
3
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(a) Name the hybrid orbital set used by each of the three atoms in bold. 

(b) How many σ bonds are there in one molecule of adenine?  16 (16 bonds of any type) 

(c) How many π bonds are there in one molecule of adenine?  4 (4 double bonds; 0 triple 

bonds) 
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7. Consider the bonding in carbon monoxide.           [12 marks] 

(a) Draw the best Lewis electron dot structure for carbon monoxide. 

Energy

C OCO

 
C O: :

+1-1

 

(b) Calculate the partial charge on each atom. (χC = 2.5, χO = 3.5) 

  Q(C)  =   evalence  -  (enonbonding +        χC      eC-O bond) 

         χC + χO

  Q(C) =       4      -    [      2       +        2.5      (6) ]        = -0.5 

         2.5 + 3.5 

  Q(O)  =   evalence  -  (enonbonding +        χO      eC-O bond) 

         χC + χO

  Q(O) =       6      -    [      2       +        3.5      (6) ]   = +0.5 

         2.5 + 3.5 

(c) Complete the molecular orbital correlation diagram below by: 

 i. labeling the atomic orbitals (with their names), 

 ii. labeling the molecular orbitals (with their names), and 

 iii. adding the electrons 

 σ*
2p

 

 
π*

2p 

 2p 
 

 
2p  

 
σ2p 

 π2p

 

 

 σ*
2s

 2s 
 2s 
 

σ2s 

 

(d) Calculate the bond order for carbon monoxide from the Lewis dot structure and from the 

molecular orbital correlation diagram.  Compare the two answers. 

 

Lewis structure has a triple bond therefore bond order = 3 

 

Molecular orbitals show 8 valence electrons in bonding orbitals and 2 valence electrons in 

antibonding orbitals.  Therefore, bond order = ½ (8) – ½ (2) = 3 

 

The bond order is the same using either method. 
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8. An unknown solid is found to contain 52.26% Fe, 44.91% O and 2.83% H by mass. 

        [6 marks] 

(a) Calculate the empirical formula for this unknown solid. 

(b) Assuming that the empirical and molecular formulae are the same, name the unknown 

solid. 

 

(a) 100 g of unknown molecule contains 52.26 g Fe, 44.91 g O and 2.83 g H. 

 

 nFe  =  mFe   nO  =  mO   nH  =   mH 

            MFe              MO      MH 

        =      (52.26 g)    .        =       (44.91 g)      .        (2.83 g)     .   

  (55.845 g/mol)           (15.9994 g/mol)  1.00079 g/mol 

 nFe  =  0.9358 mol  nO  =  2.807 mol  nH  =  2.81 mol 

 

 

 Therefore,    nFe  :  nO  :  nH  =  0.9358 mol Fe  :  2.807 mol O  :  2.81 mol H 

                             0.9358                 0.9358             0.9358 

      nFe  :  nO  :  nH  =  1.000 mol Fe   :   3.000 mol O  :  3.00 mol H 

 

 

 Therefore,  the empirical formula is FeO3H3 

 

 

 

 

(b) FeO3H3  =  Fe(OH)3  =  iron(III) hydroxide 
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                   Developed by Prof. R. T. Boeré 


