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Name:____Key____________

Electrochemistry Practice Test

1.  Answer parts (a) through (e) below, which relate to reactions involving silver ion, Ag+.

The reaction between silver ion and solid zinc is represented by the following equation:



2Ag+(aq) + Zn(s) ( Zn2+(aq) + 2Ag(s)
a.  A 1.50 g sample of Zn is combined with 250. mL of 0.110 M AgNO3 at 25ºC.
i.  Identify the limiting reagent.  Show calculations to support your answer.

This is stoich. There are plenty of ways to do this. Here’s how I did it.
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1.50 g Zn1 mole Zn2 moles Ag

 0.046 moles Ag needed to completely rea

ct with all the Zn

65.38 g1 mole Zn


You have: (0.250 L)(0.110 M) = 0.0275 moles Ag+ - not enough to use up all the Zn, so Ag+ is the limiting reagent.
ii.  On the basis of the limiting reactant that you identified in part (i), determine the value of [Zn2+] after the reaction is complete.  Assume that volume change is negligible.  

Again, this is stoich. I said we’re starting with 0.0275 moles Ag+, there are 2 moles of Ag+ used for every 1 mole of Zn2+ formed, so 0.0138 moles of Zn2+ formed. Divide by volume (0.250 L) to get the molarity: 0.055 M
b.  Determine the value of the standard potential, Eº, for a galvanic cell based on the reaction between AgNO3(aq) and solid Zn at 25ºC.


I looked up all the values on the Table of Reductions provided with the test:
Ag+ + e- (Ag 
E=0.80 V

Zn ( Zn2+ + 2e-
E=0.76 V (note that I changed the sign b/c I reversed the reaction from a reduction to an oxidation.)

Now I add them up: Ecell = 1.56 V
Another galvanic cell is based on the reaction between Ag+(aq) and Cu(s), represented by the equation below.  At 25ºC, the standard potential, Eº, for the cell is 0.46 V.



2Ag+(aq) + Cu(s) ( Cu2+(aq) + 2Ag(s)
c.  Determine the value of the standard free-energy change,Gº, for the reaction between Ag+(aq) and Cu(s) at 25ºC.

They tell us Ecell for this one: 0.46V
We’re looking for (G, so we need (G=-nFE

So (G = (2)(96,500)(0.46) = -8.9 X 104 J or -89kJ
d.  The cell is constructed so that [Cu2+] is 0.045 M and [Ag+] is 0.010 M.  Calculate the value of the potential, E, for the cell.

The concentrations are not 1.0M, so this is the Nernst equation. We’re at 25ºC, so we can use the short form:
E = Eºcell - 
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e.  Under the conditions specified in part d, is the reaction in the cell spontaneous?  Justify your answer.
Yes, this is spontaneous, because E is positive. 
2.  In an electrolytic cell, a current of  0.250 ampere is passed through a solution of a chloride of iron, producing Fe(s) and Cl2(g).

a.  Write the equation for the half-reaction that occurs at the anode.

The oxidation occurs at the anode. This is an electrolytic cell, so the Ecell will be negative. Fe has to be going from an Fe ion to an Fe metal, so that would be a reduction. The other half is chloride ions going to chlorine, so that would be the oxidation.
  2Cl-(aq) ( Cl2(g) + 2e-
b.  When the cell operates for 2.00 hours, 0.521 grams of iron is deposited at one electrode.  Determine the formula of the chloride of iron in the original solution.

The possibilities are FeCl2 or FeCl3. 

Let’s try some math. I’ll guess FeCl2
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If we say that 2 moles of electrons are transferred, then the math agrees with the grams given. So the answer must be FeCl2.
Or you could say: 
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And solve for x, which would also give you two.

c.  Write the balanced equation for the overall reaction that occurs in the cell.

2Cl-(aq) ( Cl2(g) + 2e-
Fe2+ (aq) + 2e- ( Fe(s)
Fe2+ + 2Cl- ( Fe(s) + Cl2(g) or FeCl2(aq) ( Fe(s) + Cl2(g)
d.  How many liters of Cl2(g), measured at 25ºC and 750 mm Hg, are produced when the cell operates as described in part b?

Using the math from part b above, but changing Fe to Cl2:
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Now the Ideal gas law:

PV = nRT

(0.987)(L) = (0.00933)(0.0821)(298)

V = 0.231 L or 231 mL
e.  Calculate the current that would produce chlorine gas from the solution at a rate of 3.00 grams per hour.
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 = 2.26 C/s

hour60 min60 sec71.0 g1 mole Cl1 mole el

ectron

= 2.26 A

3.  Answer the following questions that relate to electrochemical reactions.  

a.  Under standard conditions at 25ºC, Zn(s) reacts with Co2+(aq) to produce Co(s).

i.  Write the balanced equation for the oxidation half reaction.

Zn ( Zn2+ + 2e-

ii.  Write the balanced net-ionic equation for the overall reaction.

Zn + Co2+ ( Co + Zn2+
iii.  Calculate the standard potential, Eº, for the overall reaction at 25ºC.  

-0.277 + 0.763 = 0.486

b.  At 25ºC, H2O2 decomposes according to the following equation.


2H2O2(aq) ( 2H2O(l) + O2(g) 
Eº=0.55V

i.  Determine the value of the standard free energy change, Gº, for the reaction at 25ºC.




Gº = -nFE




Gº = -(2)(96,485)(0.55) 





= -106 kJ
ii.  Determine the value of the equilibrium constant, Keq, for the reaction at 25ºC.




Gº = -RTlnK




106133 = -(8.3144)(298)ln (K)




ln (K) = 42.8




K = 4.01 X 1018 
iii.  The standard reduction potential, Eº, for the half reaction O2(g) + 4H+(aq) + 4e- ( 2H2O(l) has a value of 1.23 V.  Using this information in addition to the information given above, determine the value of the standard reduction potential, Eº, for the half reaction below.




O2(g) + 2H+ (aq) + 2e- ( H2O2 (aq)

We know:

2H2O2(aq) ( 2H2O(l) + O2(g) 
Eº=0.55V

O2(g) + 4H+(aq) + 4e- ( 2H2O(l)  E° = 1.23 V

We’re looking for:

O2(g) + 2H+ (aq) + 2e- ( H2O2 (aq)
We’ll treat this like Hess’s Law – we’ll manipulate the equations we know until we get the one we don’t. Let’s divide the two equations we know by 2, and switch the top one:
H2O(l) + 1/2O2(g) ( H2O2(aq)
1/2O2(g) + 2H+(aq) + 2e- ( H2O(l)  
the waters cancel, and we’re left with:

O2(g) + 2H+ 2e- ( H2O2
which is exactly what we are looking for.

E° is an intensive property, so we don’t need to change it when we divide by 2. We only need to change the sign for the one we switched. So:

-0.55V + 1.23 = 0.68 V
c.  In an electrolytic cell, Cu(s) is produced by the electrolysis of CuSO4(aq).  Calculate the maximum mass of Cu(s) that can be deposited by a direct current of 100. amperes passed through  5.00 L of 2.00 M CuSO4(aq) for a period of 1.00 hour.

(5.00L)(2.00M) = 10 moles of CuSO4
(100 amps)(3600 sec) = 3.6 X 105 Coulombs
3.6 X 105 Coulombs(1 mole electrons/96,485 C)(1 mole Cu/2 moles electrons)(63.55 g/ 1mole Cu) = 119 grams

4. Write a  balanced net ionic equation for each of the following reactants:

a. copper plus an aqueous solution of silver nitrate

Copper could go to Cu1+ or Cu2+. Looking at the table of reduction potentials, 

Cu ( Cu1+ + 1e 

Eox = -0.52 V

And

Cu ( Cu2+ + 2e 
Eox = -0.34V

So the cell will have a larger Ecell if the Cu goes to the 2+ ion, so that’s what it will do.
Cu(s) + 2Ag+(aq) ( Cu2+(aq) + 2Ag(s)
b. A solution of potassium permanganate is added to concentrated hydrochloric acid.

Permanganate is a fabulous oxidizing agent, so it will always be reduced. This is clearly in acid, so the product will be Mn2+. What do we have here that will be oxidized? Well, the only other things we’ve got are H+ and Cl-. H+ can’t be oxidized to anything else, so it must be Cl-. Cl- can be oxidized to Cl2. So the reaction is:


2MnO4- + 16H+ + 10Cl- ( 2Mn2+ + 5Cl2 + 8H2O
c. Solutions of potassium iodide, potassium iodate and dilute sulfuric acid are mixed.

Clearly we are in acid here. The only thing I- is going to do is to be oxidized to I​2. IO3- must be reduced – that will also go to I2. 


10I- + 2IO3-+ 12H+ + IO3- ( 6I2 +6 H2O

d.  A solution of tin (II) sulfate is added to a solution of iron (III) sulfate.


Looking at this, I immediately think redox because a double replacement would give the same products.  Looking at the table of redox potentials, Fe3+ could be reduced to Fe2+. If Fe3+ can only be reduced, Sn2+ must be oxidized to Sn4+. Let’s look up numbers:
Sn2+ ( Sn4+ + 2e-

Eox = -0.15 V

Fe3+ + 1e- ( Fe2+

Ered = +0.77 V
So this would be positive, and spontaneous, that’s good. The reaction must be




2Fe3+ + Sn2+ ( Sn4+  + Fe2+
e. Chlorine gas is bubbled into cold, dilute sodium hydroxide. 

This is called a disproportionation reaction. The chlorine is going to be both oxidized and reduced. Clearly, this is in base. 



Cl2 + 4OH- ( 2Cl- + 2ClO- + 2H2O
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