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1.  What is the oxidation state of:


a) (1 point)  O in H2O2





-1


b) (1 point)  Cl in ClF3





+3


c) (1 point)  Fe in Fe(OH)3





+3


d) (1 point)  H in NaH






-1


e) (1 point)  N in N2





0


f) (1 point)  Cl in MgCl2





-1

2. (1 point) Which of the following is a disproportionation reaction?


a) HF ( H+  +   F- 


b) S + SO2  +  H2O ( S2O32- + 2H+

c) Br2 + H2O ( HOBr +  Br - +  H+

d) SO32-  +  MnO4- ( SO42-  +  Mn2+  +  H2O

ANSWER______C____________    

3.  Identify, in the following reactions


a) (3 points)  the species being oxidized and show oxidation states before and after oxidation

C2H5OH(l) + 16H+(aq) + 2Cr2O72-(aq) ( 2 CO2 (g) + 4 Cr3+ (aq) + 11 H2O(l)

Species being oxidized: ______C2H5OH_______________

Oxidation state prior to oxidation:______-2_______________

Oxidation state following oxidation:_______+4__________________

 4. In a lead-acid battery lead dioxide, PbO2, is reduced to lead sulfate, PbSO4(s), and metallic Pb(s) is oxidized to lead sulfate, PbSO4(s).  The electrolyte in the lead-acid battery is 7M sulphuric acid ( [H+] = 7M, [HSO4-] = 7 M.  Given the unbalanced reduction potentials:


PbO2 (s) + HSO4-‑ (  PbSO4(s) 
Eo = 1.691 V

And


PbSO4(s) ( Pb(s) + HSO4-‑

Eo = -0.3588 V

a) (2 points)  Write the balanced oxidation half reaction in acid

Pb(s)  + HSO4- (aq) (  PbSO4 (s) + H+ (aq) + 2e   Eo = 0.3588 V

b) (2 points)  Write the balance reduction half reaction in acid

3H+(aq)   +  2e + PbO2(s)  +  HSO4- (aq) (  PbSO4 (s)  +  2H2O (l)   Eo = 1.691 V

c) (1 points)  Write the balanced cell reaction (in acid)

Pb(s)  +  PbO2(s) + 2 HSO4- + 2 H+ (   2PbSO4 (s)  +  2H2O (l)

d) (1 points)  Determine Eo
Eo = 1.691 V + 0.3588 V =  2.050 V

e) (2 points)  For sulfuric acid concentration of 7.0 M determine the actual cell voltage.

E = Eo – (0.060/n) log Q =  = Eo – (0.060/n) log{1/[HSO4-]2 [H+]2 }

  =  2.05 – (0.06/2) log {1/(72 x 72)}

  = 2.15 V

5.  (2 points)  Reactions in aqueous solution can have complicated kinetics.  An example is the reaction between arsenic acid and iodide ions.  

H3AsO4(aq)  +  3I- (aq) +2H3O+(aq) ( H3AsO3 (aq) + I3-(aq) + 3H2O(l)

The rate law for this reaction was found experimentally to be

Rate = k [H3AsO4] [I-] [H3O+]

What are the units of the reaction rate constant when time is expressed in minutes?




M-2 min-1


(give ½ marks if answer is M-2 s-1)

6. (3 points) Propene, C3H6,  ammonia, NH3, and oxygen, O2, react to produce acrylonitrile, CH2CHCN, and water, H2O according to the following balanced equation:

C3H6  +  NH3  + 3/2 O2  (  CH2CHCN + 3 H2O

Express the reaction rate in terms of changes in concentration, ([A]/(t for each of the products and reactants (i.e. rate = -1/a ([A]/(t)

Rate 
= - ([ C3H6 ]/(t

      
 = - ([ NH3 ]/(t

     
  = -(2/3) ([ O2 ]/(t

   
 =  ([CH2CHCN ]/(t


= (1/3)([ H2O ]/(t

7.  The bromination of acetone is acid catalyzed:


CH3COCH3 + Br2 (CH3COCH2Br + H+ + Br-
The rate of disappearance of bromine was measured for several concentrations of acetone, bromine and H+ and are given below:

	Experiment
	[CH3COCH3]

M
	[Br2]

M
	[H+]

M
	Rate of disappearance of Br2

M s-1

	1
	0.3
	0.05
	0.05
	5.7 x 10-5 

	2
	0.3
	0.1
	0.05
	5.7 x 10-5

	3
	0.3
	0.05
	0.1
	1.14 x 10-4

	4
	0.4
	0.05
	0.2
	3.0 x 10-4

	5
	0.4
	0.05
	0.05
	7.6 x 10-5


a) (3 points)  What is the rate law?

Expts 1 & 2 – rate independent of Br2 concentration

Expts 1 & 3 – double H+ concentration, double the rate; 1st order

Expts  2 & 5 – increase CH3COCH3 concentration by 1.333, increase rate by 1.3333;  1st order

Rate = k[H+] [CH3COCH3]

b) (1 point)  What is the overall reaction order?

2nd order over all

c) (1 point)  What is the value of the rate constant?  (include units!)

3.8 x 10-3 M-1 s-1
8.  Nitrogen oxide converts ozone into molecular oxygen as:


O3(g)  +  NO(g)  (  O2(g)  +  NO2(g)

The experimental rate law is k [O3] [NO]

The following mechanisms are proposed:

Mechanism I:


O3 + NO ( O + NO3   (slow)

O + O3 ( 2 O2   (fast)

NO3 + NO ( 2 NO2   (fast)

Mechanism II:


O3 (( O2 + O
(fast, reversible)


O + NO ( NO2   
(slow)

Mechanism III:

O3 + NO ( O2 + NO3   (slow)

a) (6 points)  Write the rate law for each mechanism:


Mechanism I:

Rate = k[O3] [NO]


Mechanism II:

Rate = k [O] [NO]

k1[O3] = k-1 [O] [O2]

[O] = k1 [O3] / k-1[O2]

Rate = k [O3] [NO] / [O2]


Mechanism III:

Rate  = k [O3] [NO]

b) (1 point)  Which mechanisms are consistent with the experimental rate law?



I and  III

9.  a) (3 points)  For decomposition of NO2 the following rate constants were determined:


2NO2 ( 2NO + O2 

k = 2.7 x 10-2 M-1 s-1 at 227 C and k = 2.4 x 10-1 M-1 s-1 at 277 C.

Calculate Ea:
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ln(2.7e-2/2.4e-1) = Ea/8.314 (1/550 – 1/500)
    -2.1848 = Ea  / -2.187


Ea = 99.9 kJ mol-1
b) (2 points)  For the conversion of NO2 to N2O4:



2 NO2 ( N2O4 

k was found to be 5.2 x 108 M-1 s-1 at both 25 C and 87 C.

Calculate Ea:


Ea = 0

10.  An electroplating apparatus is used to coat jewelry with gold from a solution that contains Au(CN)4—ions (Note: (CN)‑ is an anion having charge –1) 

a) (1 point)  balance the reaction for electroplating Au(s) from Au(CN)4-
Au(CN)4-   +  3e  (  Au(s) + 4CN- (aq)


b) (3 points)  What mass of gold can be deposited from the solution if a current of 5.0 A flows for 30.0 minutes.  

Charge = 5.0 A x 30 minutes x 60 s /minute = 9000 As = 9000 C

1 mole of Au requires 3 moles of electrons

moles of Au = (9000 C / 96500 C/mole of electrons) x (1 mole Au/3 moles of electrons)

                    =  0.0311 moles of Au

1 mole of Au has molecular mass = 197 g mol-1
mass of Au = 0.0311 moles of Au x 197 g mol-1 =   6.1 g

11.  (2 Bonus points)  Name 5 characteristics of an ideal battery


1. long cycle life

2. low self discharge or long shelf live

3. low cost

4. ease of manufacture

5. recyclability

6. high charge density

7. high energy density

8. high power density

9. safe operation

10. non toxic components

12.  (1 Bonus point)  What is a sacrificial anode?


Sacrificial anode is when a more easily oxidizable metal is attached to a  structure so that corrosion there rather than at the metal of the structure of interest (used in ships)
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