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CHEMISTRY

QUESTION NO. 8
8.
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Answer the following questions regarding the electrochemical cell shown above.

(a) Write the balanced net-ionic equation for the spontaneous reaction that occurs as the cell operates, and determine the cell voltage.

(b) In which direction do anions flow in the salt bridge as the cell operates?  Justify your answer.

(c) If 10.0 mL of 3.0-molar AgNO3 solution is added to the half-cell on the right, what will happen to the cell voltage?  Explain.

(d) If 1.0 gram of solid NaCl is added to each half-cell, what will happen to the cell voltage?  Explain.

(e) If 20.0 mL of distilled water is added to both half-cells, the cell voltage decreases.  Explain.

1996

QUESTION NO. 7
7.                                                            Sr(s)  +  Mg2+  
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  Sr2+  +  Mg(s)

Consider the reaction represented above that occurs at 25ºC.  All reactants and products are in their standard states.  The value of the equilibrium constant, Keq, for the reaction 4.2 x 1017 at 25ºC.

(a) Predict the sign of the standard cell potential, Eº, for a cell based on the reaction.  Explain your prediction.

(b) Identify the oxidizing agent for the spontaneous reaction.

(c) If the reaction were carried out at 60ºC instead of 25ºC, how would the cell potential change?  Justify your answer.

(d) How would the cell potential change if the reaction were carried out at 25ºC with a 1.0-molar solution of Mg(NO3)2 and a 0.10-molar solution of Sr(NO3)2?  Explain.

(e) When the cell reaction in (d) reaches equilibrium, what is the cell potential?

Scoring Standards

AP Chemistry 1998
Question 8

(8 points)

(a)


2 Ag+(aq)  +  Cd(s)  
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  2 Ag(s)  +  Cd2+(aq)

· equation must be balanced and net ionic, phases not necessary

· reaction direction and ion charges must be correct
0.80 - (-0.40) = 1.20 V

· evidence of where numbers came from should be present; if equation is exactly reversed, -1.20 V earns the point

1 pt
1 pt

(b)


Anions (or NO3- ions) will flow to the Cd2+ solution or from the Ag+ solution to balance the charges

OR

Anions will flow to the left to balance the positive charge of the new Cd2+ ions

· both the correct direction and justification needed to earn this point

· direction may be indicated by arrow marked on diagram



1 pt

(c)


The cell voltage will increase.

Ag+ is a reactant, so increasing [Ag+] will increase the driving force (stress) for the forward (spontaneous) reaction and the potential will increase

OR

Since Q = [Cd2+]/[Ag+]2, increasing [Ag+] will decrease Q.  According to the Nernst equation, E = Eº - (0.0592 log Q)/n, if Q decreases, then voltage increases.


1 pt

1 pt
(d)


The cell voltage will decrease.

Adding NaCl will have no effect on the Cd cell, but will cause AgCl to precipitate in the Ag cell (Ag+ + Cl- 
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 AgCl).  Thus [Ag+] decreases, and since Ag+ is a reactant, decreasing [Ag+] causes a decrease in voltage.

· Credit earned for “decreasing [Ag+] results in decreased voltage” or “opposite of part (c)”


1 pt

1 pt

(e)


Since Q = [Cd2+]/[Ag+]2, diluting both solutions by the same amount will increase the value of Q.  According to the Nernst equation, E = Eº - (0.0592 log Q)/n, if Q increases, then voltage decreases.

· No credit earned for “since the solutions are diluted, the voltage will decrease”




1 pt

AP Chemistry 1996

Scoring Rubric
Question 7

(a)


The sign of the cell potential will be positive



(Note:  only 1 point earned for just E0 positive because Keq positive)


1 pt

1 pt

(b)


The oxidizing agent is Mg2+

1 pt

(c)


The cell potential would increase since all ions are at

1 M, Q for the system is 1 and E0 =  
[image: image4.wmf]RT

nF

 ln K, so as T increases, so should E0
(Note:  no credit lost if student recognizes Keq dependence on T.  For temperature change in this problem, decrease in ln K term is small relative to the term 
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nF

)

OR,
No change, because in the Nernst equation Ecell = E0 - 
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nF

 ln Q, ln Q = 0, and Ecell = E0
(Note:  this approach earns 1 point only)


1 pt

1 pt
(d)


Ecell will increase

In the equation Ecell = E0 - 
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n

  log Q,  Q = 0.1  
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log Q is negative 
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 term after E0 is positive 
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 Ecell increases

OR,
with the concentration of Mg2+ larger than that of Sr2+, Le Chatelier’s principle predicts the reaction will have a larger driving force to the right and a more positive Ecell

1 pt

1 pt

1 pt

(e)


At equilibrium, Ecell = 0

(Note:  “balanced”, “neutral”, or “no net reaction” not accepted)


1 pt

K is greater than 1


the reaction is spontaneous (occurs)


E0 for Sr2+ is more positive


Standard reduction potential for Sr more negative


E0 = + 0.52 V








because





any one
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