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Final Examination April 2004    CHEM 1000 A and V        R. Burk


Final Exam April 2004
Part A. Answer all eight questions (5 marks each).
1. What kind of hybrid orbitals does the S atom use in a molecule of H2S?
The structure of H2S is  
[image: image1]Since this structure has two lone pairs and two bonding pairs about the S atom, then the S atom must be using sp3 hybrid orbitals.
2. In a buffered system composed of (C2H5)3N(aq) and (C2H5)3NHCl(aq), will the pH increase or decrease as more (C2H5)3NHCl(aq) is added? Why?

According to the Henderson Hasslebalch equation, 
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. In this system, the acid is the (C2H5)3NHCl(aq). Adding more of it will therefore lower the pH.
3. For the reaction A ( products , plotting 
[image: image3.wmf]1
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 versus time yields a straight line. What is the reaction order? 


This is a second order reaction.
    If [A] is measured in mol L-1 and time in s, what are the units of the rate constant?

For a second order reaction, the rate constant has units of concentration-1 time-1. In this case, therefore, the units are L mol-1 s-1.
4. Why are gamma rays often emitted after alpha or beta decay?
After an alpha or betadecay, the nucleus is highly energetic. It loses some of this energy by emitting gamma rays.
5. Name the strongest intermolecular force between two molecules of (CH3)2NH. Be specific.

Due to the polar N-H bonds, two molecules of this compound will be attracted by H-bonds.
6. When dealing with gas mixtures, why are mole fractions often used instead of molarities? 

Gas volumes are strong functions of temperature and pressure. If the volume changes, the molarity changes, but the mole fraction does not.

7. For the reaction MgCO3(s) ( MgO(s) + CO2(g), which way will the equilibrium shift if pressure is increased? Why?

The equilibrium will shift left so as to reduce the pressure. Note that there is only one gaseous species in the reaction.
8. Define the term “state function” and give three examples of one.

A state function is one whose value is the same no matter what the rate of reaction and no matter what path is taken from reactants to products. Some examples are S, H, G, p, V, T.
Part B. Answer all four questions (20 marks each).
1. The following data were obtained for the reaction between hemoglobin (abbreviated as Hb) and carbon monoxide: 4 Hb + 3 CO ( Hb4(CO)3
	[Hb] (mol L-1)
	[CO] (mol L-1)
	Rate (mol L-1 s-1)

	3.36 x 10-6
	1.00 x 10-6
	0.941 x 10-6

	6.72 x 10-6
	1.00 x 10-6
	1.88 x 10-6

	6.72 x 10-6
	3.00 x 10-6
	5.64 x 10-6



(a) Determine the rate law for this reaction.

As [Hb] is doubled, the rate doubles, so the reaction is first order in [Hb]

As [CO] is tripled, the rate triples, so the reaction is first order in [CO]


The rate equation is therefore rate = k[Hb][CO]

(b) Does the reaction occur in one step as written? How do you know?


The reaction does not occur in one step since the orders do not match the stoichiometric coefficients.

(c) Calculate the rate constant and units.



[image: image4.wmf]rate

k

[Hb][CO]

=



Using the first experiment,
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(d) Calculate the reaction rate when [Hb] = 1.50 x 10-6 mol L-1 and [CO] = 0.60 x 10-6 mol L-1.

Rate = k[Hb][CO]

= 2.80 x 105 L mol-1s-1 (1.50 x 10-6 mol L-1)(0.60 x 10-6 mol L-1)


= 2.52 x 10-7 mol L-1 s-1

2.  
(a) Calculate how much energy (kJ) could be produced by the fissioning of 10 g of 235U according to the reaction:  
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(E = (mc2

= 8.46 x 10-6 kg(3.00 x 108 m s-1)2

= 7.62 x 1011 J


= 7.62 x 108 kJ
(b) Complete the following nuclear reactions:
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(c) Calculate the age of an artifact (in y) whose 14C/C ratio is 0.05 times that in living material. The half life of 14C is 5730 y.
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3. (i) Name the following compounds:   
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	2-chloropropanoic acid
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	phenyl ethanoate

or

phenyl acetate

or

or acetic acid, phenyl ester
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	dibutylether
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	2-bromo-2-pentanol

or

2-bromo-pentan-2-ol
	


(ii) Draw the structure or give the correct name for each missing reactant or product in the following reactions:
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 or diethyl ether
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 or methylbutanoate
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  or N-methyl ethanamide
                           or N-methyl acetamide
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                   or ethyl alcohol
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4. 
For the reaction H2(g) + CO2(g) ( CO(g) + H2O(g) at equilibrium at 25oC, the following partial pressures were measured:
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(a) Calculate the equilibrium constant Kp
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(b) 0.5 atm of H2(g) and 0.5 atm of CO2(g) are placed in a vessel at 25oC. Calculate the partial pressure of each of the four gases when equilibrium is attained.
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	Initial
	0.5
	0.5
	0
	0

	Change
	-x
	-x
	+x
	+x

	Equilibrium
	0.5 - x
	0.5 - x
	x
	x



At equilibrium, 
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Thus,


[image: image46.wmf]22

2

HCO

COHO

pp0.5x0.50.2340.266atm

ppx0.234atm

==-=-=

===


Part C. Answer any three of the six questions. If you                  answer more than three, the best three will be used to calculate your mark (20 marks each).
5. 
Fuel cells for cars will likely use hydrogen as the fuel and oxygen as the oxidant. Using the following data:


2 H+(aq) + 2 e( ( H2(g)


Eo = 0.000 V



O2(g) + 4 H+(aq) + 4 e( ( 2 H2O(l)
Eo = 1.229 V


(a) Write the balanced overall electrochemical reaction and calculate the standard cell potential.


O2(g) + 4 H+(aq) + 4 e- ( 2 H2O(l)

Eo = 1.229 V

2 H2(g) ( 4 H+(aq) + 4 e-


Eo = 0.000 V


_______________________________________________


O2(g) + 2 H2(g) ( 2 H2O(l)


Eo = 1.229 V

(b) Calculate the cell potential at 50oC when 
[image: image47.wmf]2(g)

H

p3.00

=

atm and 
[image: image48.wmf]2(g)

O

p1.30

=

 atm


[image: image49.wmf]0

RT

EEln(Q)

nF

=-




[image: image50.wmf]22

22

OH

11

Q0.0855

pp(1.30)(3.00)

===



E0 = 1.229 V


R = 8.314 J K-1mol-1

T = 50oC = 323 K


N = 4 mol e-

F = 96487 C (mol e-)-1

Thus,
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6. Using the following data, calculate the value of (Hof of H2O2(l):

H2(g) + ½ O2(g) ( H2O(g)

(Ho = (241.8 kJ mol-1

2 H(g) + O(g) ( H2O(g)


(Ho = (926.9 kJ mol-1

2 H(g) + 2O(g) ( H2O2(g)

(Ho = (1070.6 kJ mol-1

2 O(g) ( O2(g)



(Ho = (498.3 kJ mol-1

H2O2(l) ( H2O2(g)


(Ho = 51.5 kJ mol-1
We want (Ho for the reaction H2(g) + O2(g) ( H2O2(l)

H2O2(g) ( H2O2(l)


(Ho = -51.5 kJ mol-1

2 H(g) + 2 O(g) ( H2O2(g)

(Ho = -1070.6 kJ mol-1

½ O2(g) ( O(g)



(Ho = ½(498.3) kJ mol-1

H2O(g) ( 2 H(g) + O(g)


(Ho = -(-926.9) kJ mol-1

H2(g) + ½ O2(g) ( H2O(g)

(Ho = -241.8 kJ mol-1

__________________________________________________


H2(g) + O2(g) ( H2O2(l)


(Ho = -187.85 kJ mol-1
7.
(a) The normal boiling point of liquid mercury is 357oC. Its enthalpy of vaporization is 58.3 kJ mol-1. Calculate the vapor pressure of mercury at 25oC.


p1 = 1 atm


T1 = 357oC = 630 K


p2 = ?


T2 = 25oC = 298 K


(Hvap = 58300 J mol-1
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(b) A solution is prepared by dissolving 6.85 g of sucrose (C12H22O11) in 34.0 g of water. Calculate the boiling point of this solution. For water, Kb = 0.52 oC kg mol-1. Sucrose is non-volatile and does not dissociate in water.
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8.
Calculate the pH and the concentrations of all species present (except water) in a 1.0 M solution of phosphorous acid, H3PO3(aq). For this acid, Ka1 = 1.0 x 10-2 and Ka2 = 2.6 x 10-7. (The third proton is not acidic.)

H3PO3(aq) + H2O(l) ( H3O+(aq) + H2PO3-(aq)
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	H3PO3(aq)
	H3O+(aq)
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	Initial
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	Change
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	1.0 - x
	x
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At equilibrium,
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thus, 

[H3PO3(aq)] = 1.0 – x = 0.905 M

[H3O+(aq)] = x = 0.095 M
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[H2PO3-(aq)] = x = 0.095 M

pH = -log10[H3O+(aq)] = -log10(0.095) = 1.02

H2PO3-(aq) + H2O(l) ( H3O+(aq) + HPO3-2(aq)
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but [H3O+(aq)] = [H2PO3-(aq)] = x

thus, [HPO3-(aq)] = Ka2 = 2.6 x 10-7 M
9.
Titanium (Ti) metal crystallizes in a body-centred cubic (BCC) structure with an edge length of 331 pm. Calculate the radius of a titanium atom. You may use geometry to solve this problem, or the fact that the atoms in a BCC structure occupy 68% of the volume of the unit cell.

Method A: Note that the diagonal through the centre of the unit cell passes through three atoms, and has a length of 4r:

 

[image: image58]

d2 = l2 + l2 = (331 pm)2 + (331 pm)2 = 219122 pm2

but, (4r)2 = l2 + d2 = (331 pm)2 + 219122 pm2

4r = 573.3 pm


r = 143.3 pm


Method B:


Vcell = (331 pm)3 = 3.62 x 107 pm3

But since the atoms occupy only 68% of the unit cell, Vatoms = 0.68 x 3.62 x 107 pm3 = 2.47 x 107 pm3

In a body centred cubic unit cell, there are the equivalent of two atoms. Thus, the volume of each atom is ½ (2.47 x 107 pm3) = 1.23 x 107 pm3

Each atom is a sphere of radius r and volume = (4/3)(r3

Thus, r = 
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10.
(a) In a molecule of acetylene, C2H2, what orbitals does one carbon atom use to bond with the other carbon atom?

Since each carbon has two bonds (a triple bond to the other carbon and a single bond to a hydrogen atom), we know it is using sp hybrids. Thus, each carbon overlaps one of its sp hybrids with one on the other carbon to make a sigma bond. The two leftover p-orbitals on each carbon atom overlap to make two pi-bonds.

(b) Use the concept of formal charge to predict which of the following structures is more likely:
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Structure A






Structure B
Structure A:

	
	C
	N
	N

	Valence Electrons
	4
	5
	5

	Electrons assigned to atom in structure
	4
	4
	6

	Formal Charge
	0
	1
	-1


Structure B:

	
	C
	N
	N

	Valence Electrons
	4
	5
	5

	Electrons assigned to atom in structure
	3
	5
	6

	Formal Charge
	1
	0
	-1


Both Structure A and Structure B have the same formal charges, so we can not predict which structure is more likely using formal charges.
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