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Reduction Half-Reaction

+2.87
+1.51
+1.36
+1.33
+1.23
+1.06
+0.96
+0.80
+0.77
+0.68
+0.59
+0.54
+0.40
+0.34
0 [defined]
—0.28
—0.44
—0.76
—0.83
—1.66
=271
—3.05

Fyg) +2¢” —> 2F (ag)
MnOy (ag) + 8 H'(ag) + 5 — Mn2"(ag) + 4 H,0()
Cly(g) + 2 — 2Cl (aq)

CryO2 (ag) + 14 H'(ag) + 6~ — 2Cr¥'(ag) + 7 H,0()
0y(g) + 4 H*(ag) + 4e” —> 2H,0()

Bry(l) + 2~ — 2 Br (ag)

NOz™(aq) + 4 H*(aq) + 3™ — NO(g) + 2 H,O()
Ag*(aq) + €7 — Ag(s)

Fe**(ag) + = — Fe*(ag)

0O4(g) + 2 H*(ag) + 2™ — Hy0q(aq)

MnOy ~(ag) + 2 H,O() + 3 e~ —> MnOy(s) + 4 OH (aq)
Ip(s) +2e” — 217(ag)

0,(g) + 2H,0(l) + 4~ — 4 OH (ag)

Cu®*(ag) + 2e” —> Cu(s)

2H"ag) + 2 —> Hy(g)

Ni%(ag) + 2~ — Ni(s)

Fe*(ag) + 2~ —> Fe(s)

Zn*(ag) + 2~ — Zn(s)

2H,0() + 2e” — Hy(g) + 2 OH (ag)

Al*(ag) + 3e” — Al(s)

Na*(ag) + e~ — Na(s)

Li*(aq) + - — Li(s)
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n
 F =96500 coul/mol e-
Some Ksp values:

PbSO4       6.3 x 10–7       PbF2      3.6 x 10–8                Mg(OH)2    1.8 x 10–11
Ka values:  Acetic acid HC2H3O2   1.8 x 10–5    Formic acid, HCOOH   1.8 x 10–4      

Kb values:

ammonia, NH3    1.8 x 10–5       

Carbonate ion,  CO32(       1.8 x 10(4
R = 8.31 joule/mol K.   

Assume that all reactions in this exam take place at 298.15K
Thermodynamic Quantities.  (At 298.15 K )

	Substance
	 ΔHof kJ/mol)
	 ΔGof (kJ/mol)
	 So (J/mol K)

	C6H6 (l)
	  49.0
	 124.5
	 172.8

	C6H6(g)
	  82.9
	 129.7
	 269.2

	C2H4(g)
	  52.30
	 68.11
	 219.4

	C2H5OH(l)
	  -277.7
	 -174.76
	 160.7

	NH3(g)
	  (46.19
	  (16.66
	 192.5

	Cl(g)
	  121.7
	 105.7
	  165.2  

	CO2(g)
	–393.5
	– 394.4
	213.6

	C2H2(g)
	 226.77
	 209.2
	200.8

	HCl(g)
	
	– 95.27
	

	H2O(l)
	 -285.85
	 -236.81
	 69.96
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Spring 2012, Lecture test II in chemistry 2.

Name___________________________   Answer  questions 1 to 19 on these pages.  

__C____1.  Which of the following will increase the Ksp of PbCl2 ?


  A) Addition of HCl to the solution   B) Addition of Pb(NO3)2 to the solution


  C) An increase in temperature         D) All of these.

___D___2.  AgCl would be LEAST soluble in a solution of 1.00 molar


  A) HNO3      B) AgNO3      C) HCl         D) BaCl2
___A___3.   Methanol,CH3OH, is a liquid at room temperature, 298 K.  For the phase change,



CH3OH(l)➞ CH3OH(g)   ΔGo   at 298 K  

A) is +     B) is –     C) is 0     D) the sign cannot be determined from the given information.

____B__4.  The formation of ammonia is spontaneous at room temperature, but not spontaneous


     at temperatures above 466 K.  From this information we can conclude that in the


    formation of ammonia    A) ΔHo and ΔSo are both + in sign.


    B) ΔHo and ΔSo are both –  in sign.     C) ΔHo is –  and ΔSo is + in sign. 


    D)  ΔHo is + and ΔSo is –  in sign.

__A___5.   Which of the following is the strongest reducing agent?   A) Al   B) Ni   C) Zn


     D)   Fe 2+
___A___6.  What is the standard electrical potential, ℰo, for the reaction 


Zn + 2 Ag+(aq)  ( Zn2+(aq)   + 2 Ag   ?


    A) 1.56 volts    B) 2.36 volts    C)   0.040 volts     D) –0.040 volts

____A__7.  “The Ksp is = to the molar solubility squared.”   This statement is true for


   A) BaSO4     B) BaF2      C) all solutes     D) no solutes.

__D____8.  Which has a ΔGof (standard free energy of formation) of ZERO ?


   A) O(g)      B) NH3(g)      C)   S(g)       D) N2(g)
___-0.13v___9. Given that the standard potential for the reaction


 Pb(s) + 2 Ag+(aq) ( 2 Ag(s) + Pb2+(aq) is 0.93 volts, what is the standard reduction potential of Pb2+ ?   

(note that questions 1 to 19 are 2 points each except for question 10, which is 4 pts.)
10.  For each of the following pairs, circle the substance with the GREATER molar entropy. If there is no difference in entropy, circle BOTH. 

    a) ice at 0o C    or       water at 0o C.       b) water at 10o       or        water at 90o
    c)
H2(g) at 1.00 atm.    or       H2(g) at 0.0500 atm.     

    d) H2(g)    or   SO2(g) under the same conditions of temperature and pressure.

_____B___11.  Which of the three salts that are listed with their Ksp values on the accompanying page has the greatest molar solubility?  A) PbSO4   B) PbF2    C) Mg(OH)2
___1.8x10-3__12.  What is the maximum concentration of Mg2+ that will remain in solution if the solution is buffered to a pH of 10.00 ? (see Ksp of Mg(OH)2 )

__3.74____13.  What is the pH of the solution formed when 0.500 mol of KOH is added to 1.00 mol of HCOOH in a total volume of 500. mL ? 

____D____14.  At 298 K, what is the value of ΔG̊ for the reaction




Zn(s) + 2 H+(aq) ( Zn2+(aq) + H2(g) ?




A) 73 kJ     B) - 73 kJ    C) 147 kJ    D) -147 kJ

_____6___15.   For the reaction   



3 Sn2+(aq) + 14 H+(aq) + Cr2O72– (aq) ( 2 Cr3+(aq) + 3 Sn4+(aq) + 7 H2O

a student wishes to use the Nernst equation to find the equilibrium constant. What number should the student use for “n” in the Nernst equation?

___D____16.  Which of the following solutions would form a buffer when added to 50.0 mL of



2.00 molar NH3?   





I.   25.0 mL of 2.00 molar NH4Cl





II.  25.0 mL of 2.00 molar NaOH





III. 25.0 mL of 2.00 molar HNO3


A) Only solution I    B) Only solution II    C) Only solutions I and II



D) Only solutions I and III    E) all three solutions.

_-33.32kJ____17.   What is ΔG̊ for the reaction N2(g) + 3 H2(g) ( 2 NH3(g) ?

_C_____18.  Which of the metals listed below, will  NOT react spontaneously

     with 1.00 molar   HCl ?
A)Zn      B) Na     C)   Ag         D)  Al

19.  The standard molar entropy, S̊, of HCl(g) is not given on the accompanying chart. Based on the other values given on the chart, estimate what you think S̊ of HCl(g) ought to be. Briefly explain how you arrived at your answer.   Based on the table of entropies, it should be greater than Cl(g) but smaller than  NH3(g).  Between 165 and 192.5  J/mol K.  
Problems: Show work.  Solve these in the blue answer booklets.

I.  If the molar solubility of CaF2 at 35o C is 1.24 x 10–3 mol/liter                  ( 4 pts)

A.  What is the Ksp of CaF2 at this temperature?  7.63 x 10-9

B.  At this temperature, what is the maximum molarity of Ca2+ which can remain in

              a solution which contains an F– concentration of 0.0200 M ?  1.91 x 10-5
II.   The Ksp of Ba(IO3)2   is 6.0 x 10–10 at 25o C.






( 4 pts)

     Will a precipitate form when 50.0 mL of 0.00200 molar   Ba(NO3)2   


     is added to 150 mL of 0.00100 molar NaIO3 ?   Show the calculations which 


     support your answer.    Q = 2.8 x 10(10   which is less than Kp, so no precip.
III.  Balance in acidic media:   Show both balanced half reactions, and indicate which is the oxidation.     MnO4– (aq)   + CH3OH (aq) ( Mn2+(aq) + HCOOH(aq)            ( 7 pts)
MnO4-   +  8 H+   +  5 e-   (  Mn2+   +  4 H2O

H2O  +  CH3OH   (  HCOOH  +  4 H+   +  4 e(      This is the oxidation.

12 H+  +  4 MnO4-   + 5 CH3OH  (  4 Mn2+   +  11 H2O  +  5  HCOOH
IV.   40.0 mL of 0.200 molar HCl is titrated with 0.400 molar KOH.  Find the pH at the following points in the titration.  (show work!)                        ( 6 pts)

A.   Before any base is added   0.699

B.  After the addition of 15.0 mL of the 0.400 molar KOH  1.44

C.  After the addition of 20.0 mL of the KOH    7.00
V.  40.0 mL of 0.200 molar HC2H3O2 is titrated with 0.200 molar NaOH.  Find the pH at the following points in the titration.  (show work)                     ( 10 pts)

A.  Before any base is added   2.72

B.  After the addition of 30.0 mL of the 0.200 molar NaOH   5.22

C.  After the addition of 40.0 mL of the NaOH   8.87

D.  After the addition of 45.0 mL of the NaOH.    12.07
VI.  A buffer is prepared by adding 50.0 mL of 1.00 molar NH3 to 100. mL of 1.00 molar NH4Cl.                       ( 6 pts)
A.  Find the [OH-] AND the pH of this buffer.   9 x 10-6  ,    8.95
B.  Find the pH of the buffer after the addition of 50.0 mL of 1.00 molar NaOH.  9.56
C. (2pts extra credit) Find the pH of the original buffer after the addition of 50.0 mL of 1.00 molar HNO3   4.69
VII.    For the reaction C2H2(g) + H2(g)   ( C2H4(g)       find



       ( 10 pts)

A.   ΔG°           B.   Δ S°          C.  The equilibrium constant at 298 K.  

-141.09 kJ,    -112 J/mol K             5.54 x 1024       130.6 J/mol K

D.  Find the standard molar entropy,  S°    ̊, of H2 (g)    
VIII.  For the reaction H2(g) + Cl2(g) ( 2 HCl(g),    ΔH̊ =  –184.6 kJ.

Use the information above and the information on the accompanying chart to find the value of ΔS̊ for the reaction given.  (at 298 K)     ( 3 pts)
19.9 J/mol K
IX.   A standard chemical cell is constructed using 1.00 molar solutions of Ni(NO3)2    and          Zn(NO3)2 ,   zinc metal, and nickel metal.


A.  Draw a labeled diagram of the cell.  Indicate on your diagram


    1. the direction of electron flow through the connecting wire


    2.  The + pole  


    3.  The cathode    The copper is the + pole and the cathode, and electrons flow from zinc to copper. 











( 6 pts)
B.  (answer “increases,” “decreases” or “remains the same.”   IN THE BLUE BOOKLET)

( 4 pts)

     1.  When additional solid Ni(NO3)2 is dissolved in the nickel half cell,

                    the voltage _____________________increases

     2.   If the size of the zinc electrode is increased, the voltage ___remains the same

C.   Write a balanced equation for the reaction that occurs in this cell.   ( 2 pts)
Zn  +  Ni2+      (   Zn2+   +    Ni

D.   Find   Eo for the cell, in volts.    ( 2 pts)     0.48 volts


E.   Find ΔGo for the reaction you wrote in part C.    ( 2)  ( 92.64 kJ

F.   Find the voltage produced by this cell when the Zn2+   is 1.99 molar, and the

               [Ni2+] is 0.0100 molar              0.41 volts     ( 3 pts)
