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(You can use it for scratch 
paper, long responses, etc) 
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Multiple Choice Questions  (10 points each, 40 total) 
 
1) In an open container on the Earth’s surface a professor weighs 2.373(5) g of CaCO3 and adds it to 1.0000(7) 

L of water.  Which of the following errors in a calculation of the final molarity CO3
2- is systematic? Circle 

all correct answers 
 
 A) The professor weighs the CaCO3 properly but forgets to treat the acid-base properties of CO3

2-.  

 B) The professor doesn’t record the temperature 

 C) The (5) represents the average of 3 measurements. 

 D) The water is not distilled and has an initial pH of 6.5.  

 E)  The CaCO3 was hydrated and not dried before using   

 
2) Which of the following would solutions would have the largest activity correction to a simple equilibrium 

expression for the dissociation of acetic acid, CH3COOH? Circle one 
 

A) 0.1M NaCl 

B) 0.1M AgCl 

C) 0.1M MgCl2 

D) 0.1M sodium citrate 

 

4) pH and titrations: Circle all correct answers 
 

A) Using the equipment from the CHEM 15 laboratory, the pKa of an acid can be measured to 0.01% 

B) The Kw for water is 10-14 under all conditions 

C) The end point of any titration is accompanied by a color change 

D) At the equivalence point the concentration of an acid and its conjugate base are always equal 
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Short Answer Questions:.  
 
#1 [60 points total] In this problem, you can assume all the activity coefficients are 1. 
 
(a) You make a solution by adding 0.75 moles of weak base A� and 0.25 moles of its conjugate 
acid HA to 1 L of pure water. Express the pH of the resulting solution in terms of the pKa for 
HA. 
 
 
 
 
 
 
(b) Take ½ the solution (0.5L) and add enough of a 1M strong acid solution to the mixture to set the pH equal to 
the pKa. What is the volume of the final solution? 
 
 
 
 
 
 
 
 
(c) Repeat step b, adding the acid solution in 4 equal increments. Sketch below the resulting titration curve of 
pH versus of strong acid added, labeling the axes and unique points along the way as titrant solution is added. 
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(d) Indicate in the graph below how you would plot the results to arrive at the most accurate estimate of the 
pKa. Label the axes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(e) How would you modify the procedure above to get a more accurate result? 
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#2 [50 points total] Draw a diagram of the Galvanic cell you used in the laboratory. Label all of the key 
components. Give examples of one choice an instrument designer could make to optimize the measurement of 
the half cell potential. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculate E0 for the electrochemical cell Cu|Cu2+||Mg2+|Mg.   

 

 

 

 

 

 

 

The electrons will flow from _________ to _________ spontaneously.   
 
 
Use the cell potential to find the equilibrium constant for this reaction at 298K. 
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Equations and Tables 
 
Statistics: 

          
 

 
 

 
 
Activities: 

 
 

 
 

 
 
Acid Base Equilibria: 

pH = - log[H+] 

pX = - log X 
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With activities: 

 
 
Diprotic/Dibasics: 
 

 

 
 
Intermediate form of a diprotic acid: 
 

, or approximately,  
 
Diprotic Buffers: 
 

 
 
 
 
Thermodynamics and Electrochemistry: 

DG° = DH° - TDS° 

for aA + bB  cC + dD 

ba

dc

BA
DCQ
][][
][][

=      

 
DG° = - RTln K 

DG° = - nFEº 

DG =DG° + RT ln Q 

DG = - nFE 

   Eo = Eo
cathode - Eo

anode 

E =  Eº - (RT/nF) lnQ    =   Eº  -  (0.05916/n) logQ at 25oC 
 

pH = pK1 + log 
[HA-]

[H2A]
and/or pH = pK2 + log 

[HA-]
[A2

-]
pH = pK1 + log 

[HA-]

[H2A]
pH = pK1 + log 

[HA-]

[H2A]
and/or pH = pK2 + log 

[HA-]
[A2

-]
pH = pK2 + log 

[HA-]
[A2

-]
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Constants: 
N0 = 6.02214 x 1023 mol-1 

k = 1.38066 x 10-23 J K-1 
F = 96,485 C / mol 
1 V = 1 J / C 

R = 8.31451 J K-1 mol-1 
R = 8.20578 x 10-2 L atm K-1 mol-1  

 
 
 

 
 
 
 
 
 

y	=	Bx	(see	note	below)	 ey	=	|B|	
ex	

Note	that	B	is	a	constant	with	no	uncertainty.	
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Reduction Potentials 
 

                                    Eo     Reduction Half-Reaction 
 

    +2.890 V      F2 (g)  +  2e-   →  2 F- (aq)  

       +1.396 V      Cl2 (g)  +  2e-   →  2 Cl- (aq) 

       +1.229 V      O2 (g)  +  4H+(aq) +  4e-   →  2 H2O (l) 

                                        +1.078 V      Br2 (l)  +  2e-   →  2 Br - (aq) 

          +0.799 V      Ag+(aq)  +  e-   →  Ag (s) 

    +0.771 V      Fe3+(aq)  +  e-   →  Fe2+(aq)  

       +0.339 V      Cu2+(aq)  +  2e-   →  Cu(s) 

       +0.222 V      AgCl(s)  +  e-   →  Ag(s) + Cl- (aq) 

                                        +0.197 V      AgCl(s)  +  e-   →  Ag(s) + Cl- (aq) [saturated KCl] 

       0 V [defined]    2H+ (aq) +  2e-   →  H2 (g) 

   -0.236 V      Ni2+ (aq)  +  2e-   →  Ni (s) 

   -0.762 V      Zn2+(aq)  +  2e-   →  Zn (s) 

   -1.677 V      Al 3+(aq)  +  3e-   →  Al (s) 

   -3.040 V      Li+(aq)  +  e-   →  Li (s) 
 

 


