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Name:_________________________________________

Student Number_______________

CHEM 1000 A and V    Midterm Test #2     November 12, 2004

Calculators allowed. Make sure this test has 5 pages. Answer on front of sheets only.

Part A. Answer each question with a few sentences or equations where necessary. (5 Marks each)

1.
In the half-reaction C2O4(2(aq) ( 2 CO2(g), what is the oxidation number of the carbon in the reactant and in the product? Is the carbon being oxidized or reduced?


In the oxalate ion, C2O4-2(aq), the carbon atom has an oxidation state of +3. In CO2(g), it is at +4. The carbon is therefore being oxidized in this reaction.
2. Li+(g) has a smaller diameter than Na+(g).  However, Li+(aq) has a larger diameter than Na+(aq). Why?  

The symbol (aq) means that the ions are dissolved in water and have many water molecules associated with them due to the strong attraction of the positive charge on the ion to the negative end of the dipole in the water molecule. Li+ is a smaller ion than Na+, and so the electric field around it is very high, resulting in many water molecules being held by it, causing Li+(aq) to be very large compared to Na+(aq).
3.
Why is the O2 molecule paramagnetic? Why is it also diamagnetic?


It is paramagnetic because it has two unpaired electrons in its molecular orbitals. It is also diamagnetic because it has several sets of paired electrons.
4.
What type of hybrid orbitals are used by the chlorine atom in the chlorate ion, ClO3( ? Note that chlorine is less electronegative than oxygen.

7 + (3 x 6) + 1 = 26 electrons. The structure is therefore AX3E. Since there are four electron groups around the central Cl atom, it must be using sp3 hybrid orbitals to bond with the oxygens.
5.
A reaction has (H > 0 and (S < 0. Is this reaction spontaneous? Why or why not?  


Both of these conditions are unfavorable for spontaneity, so the reaction can not be spontaneous.
6.
Assume the reaction CO(g) + ½ O2(g) ( CO2(g) is initially at equilibrium. Which direction (left or right) will the equilibrium shift if the temperature is increased? Why?


Since this is a combustion reaction, it must be exothermic. Raising the temperature of a reaction causes the equilibrium to shift in the endothermic direction, which is to the left in this case.
Part B. Answer any two of the three questions (B1, B2 and B3). If you answer all three, the best two marks will be used to calculate your overall mark. (20 marks each)
1. Balance the following REDOX reaction in basic solution: Cr2O7(2 (aq) + C2O4(2(aq) ( Cr+3 + CO2(g)
Oxidation:

C2O4(2(aq) ( CO2(g)
C2O4(2(aq) ( 2 CO2(g)
C2O4(2(aq) ( 2 CO2(g) + 2 e(
Reduction:

Cr2O7(2 (aq) ( Cr+3(aq)
Cr2O7(2 (aq) ( 2 Cr+3(aq)
Cr2O7(2 (aq) ( 2 Cr+3(aq) + 7 H2O(l)

Cr2O7(2 (aq) + 14 H+(aq) ( 2 Cr+3(aq) + 7 H2O(l)

Cr2O7(2 (aq) + 14 H+(aq) + 6 e( ( 2 Cr+3(aq) + 7 H2O(l)
3 x oxidation reaction + reduction reaction:

3 C2O4(2(aq) ( 6 CO2(g) + 6 e(
Cr2O7(2 (aq) + 14 H+(aq) + 6 e( ( 2 Cr+3(aq) + 7 H2O(l)
_________________________________________________________

3 C2O4(2(aq) + Cr2O7(2 (aq) + 14 H+(aq) ( 2 Cr+3(aq) + 6 CO2(g) + 7 H2O(l)
Add OH-(aq) to both sides:

3 C2O4(2(aq) + Cr2O7(2 (aq) + 14 H+(aq) + 14 OH((aq) ( 2 Cr+3(aq) + 6 CO2(g) + 7 H2O(l) + 14 OH((aq)
3 C2O4(2(aq) + Cr2O7(2 (aq) + 14 H2O(l) ( 2 Cr+3(aq) + 6 CO2(g) + 7 H2O(l) + 14 OH((aq)
3 C2O4(2(aq) + Cr2O7(2 (aq) + 7 H2O(l) ( 2 Cr+3(aq) + 6 CO2(g) + 14 OH((aq)
Check:

	
	Left
	Right

	Cr
	2
	2

	O
	26
	26

	H
	14
	14

	C
	6
	6

	Charge
	-8
	-8


2. Answer the following questions with respect to the molecular orbital diagram for O2 shown below.

[image: image5.bmp]
(a) Do a calculation to show that this molecule has a double bond.

The bond order of O2 is (8-4)/2 = 2. Thus, the molecule has a double bond.
(b) Do a calculation and predict whether the the O2¯ ion has a longer 
or shorter bond length than O2.
The extra electron will be in the (*2p orbital. The bond order of O2¯ is 

therefore (8-5)/2 = 1.5. Since this is a smaller bond order than that of O2, 
the bond length in O2¯ is greater than that in O2.
(c) Do a calculation and predict whether the O2+2 ion has a stronger 
or weaker bond than O2.
The two electrons will be removed from the (*2p orbital to make O2+2. The bond order of O2+2 will therefore be (8-2)/2 = 3. Since this is a larger bond order than that of O2, the bond in O2+2 will be stronger than that in O2.
(d) Which of O2, O2¯ and O2+2 are paramagnetic and why?
O2 and O2¯ are paramagnetic, since they each have at least one unpaired electron. O2+2 has no unpaired electrons and so is not paramagmetic.
(e) Why are the two electrons in the π*2p orbital unpaired?

This is a manifestation of Hund’s rule, i.e. that electrons in degenerate orbitals are unpaired as much as possible.

B3 (a) At a very high temperature, Kc = 65.0 for the reaction 2 HI(g) ( H2(g) + I2(g). The following concentrations were found in a mixture: [HI(g)] = 0.500 M, [H2(g)] = 2.80 M, [I2(g)] = 3.40 M. Prove whether or not this system is at equilibrium.
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Since Q ( Kc, the system is not at equilibrium.

(b) At 22oC, Kc = 0.00466 for the reaction N2O4(g) ( 2 NO2(g). If 0.800 moles of N2O4(g) were placed into a 1.00 L vessel at 22oC, how many moles of each gas would be present at equilibrium?

	
	N2O4(g)
	2 NO2(g)

	Initial (M)
	0.800
	0.000

	Change (M)
	-x
	+2x

	Equilibrium (M)
	0.800 - x
	2x


Thus at equilibrium, 
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4x2 = 0.00466 (0.800 – x)

4x2 + 0.00466 x – 0.00373 = 0
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The value of x must be positive in this case, so x = 0.0300.

Thus, [N2O4(g)] = 0.800 – x = 0.800 – 0.0300 = 0.770 M

[NO2(g)] = 2x = 2(0.0300) = 0.0600

Check: 
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