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CHEM 1412 Sample EXAM # 3  (16 &17)   Name: _________________________





                                  Score:

Part I-Please DO NOT circle. Write the correct answer in space provided.

_____1. If X is the solubility of a salt in moles per liter, which one of the following Ksp expressions 

             is incorrect? 

             A.   Ag2S ,  Ksp = 4X3             
 B.   AgCl ,  Ksp = X2
             C.   BaSO4 , Ksp = 4 X2       
 D.   Cu(OH)2 , Ksp = 4X3
_____2. What is the molar solubility of MgC2O4 (Ksp = 8.5 x 10-5) in a 0.020 M C2O42- solution?

                A. 1.7 x 10-6
   
B.  1.7 x 10-4
       

  C. 4.2 x 10-5

D.   4.2 x 10-3

_____3. What is the pH of a saturated solution of Cu(OH)2 (Ksp = 2.6 x 10-19)?
         A.   8.82


B.   7.91                 

C.   7.31                    D.   8.42
_____4. The concentration of OH– in a saturated solution of Mg(OH)2 is 3.63  10–4 M. The Ksp of Mg(OH)2 is

       A. [image: image3.emf]6.6



10



8




B. [image: image4.emf]4.8



10



11




C. [image: image5.emf]1.3



10



7



D. [image: image6.emf]2.4



10



11


_____5. The solubility of CaSO4 in pure water at 0oC is 1.14 gram(s) per liter. The value of the solubility product is

A. [image: image7.emf]8.37



10



3




B. [image: image8.emf]1.14



10



3




C. [image: image9.emf]9.15



10



2



D. [image: image10.emf]7.01



10



5


_

​​​​____6. The solubility in mol/L of Ag2CrO4 is 1.8  10–4 M. Calculate the Ksp for this compound.

 
A. [image: image11.emf]6.5



10



8




B. [image: image12.emf]1.8



10



4




C. [image: image13.emf]2.3



10



11



D. [image: image14.emf]5.8



10



12

   
_____7. The correct mathematical expression for finding the molar solubility (s) of Sn(OH)2 is:

A. 2s2 = Ksp


B. 2s3 = Ksp


C. 108s5 = Ksp

D. 4s3 = Ksp
_____8. Which of the following is not a state function?

a)
w
b)
H
c)
U
d)
P
_____9. The best explanation for the dissolution of ZnS in dilute HCl is that:
A. The zinc ion is amphoteric.


B. The sulfide-ion concentration is decreased by the formation of H2S.

C. the sulfide-ion concentration is decreased by oxidation to sulfur

D. the zinc-ion concentration is decreased by the formation of a chloro complex.
_____10. In the qualitative analysis scheme for metal ions, how are the Analytical Group I cations separated from the other cations?

A. by addition of HCl, forming insoluble metal chlorides


B. by addition of H2SO4, forming insoluble metal sulfates


C. by addition of H2S in acidic solution, forming insoluble metal sulfides


D. by addition of H2S in basic solution, forming insoluble metal sulfides or hydroxides
_          ​​​​_____11. For which process is S negative?




A. evaporation of 1 mol of CCl4(l)






B. mixing 5 mL ethanol with 25 mL water



C. compressing 1 mol Ne at constant temperature from 1.5 L to 0.5 L




D. raising the temperature of 100 g Cu from 275 K to 295 K

_____12. You have a saturated solution of Ag3PO4.  Its molar solubility (X) follows that:

                A.  X = 1/3 Ksp

B.  X = (Ksp)1/4           
C. X = 3 (Ksp)1/4  
D.  X = (Ksp/27)1/4

____13. How does the entropy of the system change when each of the following occurs (i) a solid is 

             melted, (ii) a liquid vaporizes, (iii) a gas liquefies?

             A.  (i) increases, (ii) increases, (iii) decreases  

             B.  (i) increases, (ii) increases, (iii) increases

             C.  (i) decreases, (ii) increases, (iii) increases

             D.  (i) increases, (ii) decreases, (iii) increases

____ 14. For each of the following processes, predict whether  entropy, S , is positive or negative:

               (i) 2K(s) + Br2(l)  ( 2KBr(s),      (ii) 2MnO2(s)  ( 2MnO(s) + O2(g)

               A.   (i) positive, (ii) positive      
B.  (i) negative, (ii) positive

               C.   (i) positive, (ii) negative     
D.  (i) negative, (ii) negative

____ 15. Using the given values of S° (J/mol.K) , calculate the value of S° 

               for the reaction;         C2H4(g) + H2(g)    (  C2H6(g)

                                           S0 =  219.4      131.0           229.5

                A.   -120.5 J/ K        
B.  120.5 J/ K       

C.  10.1 J/ K      

D. -10.1 J/ K

____16. For a certain reaction,  H = 45 kJ and S = 125 J/K. Assume that H and S do not 

              vary with temperature. At what temperature will the reaction have G = 0?

                A.    0.36 °C           
B.     0.36 K        

C.   360 °C        

D.   360 K

____ 17.  In  which case does the entropy of the system decrease significantly?

                A.   H2O(l) ( H2O(g)  
                                      B.   C(s) + O2(g) ( CO2(g)

                C.   SnO2(s) + 4C(s) ( Sn(s) + 4CO2(g)             D.   N2(g) + 3 H2(g) ( 2NH3(g)

____18.   Calculate the equilibrium constant at 298 K for the reaction

               
CaCO3(s) ( CaO(s) + CO2(g)        G0 = - 254.8 KJ

               A. 4.61               

B. 1.02x102             

C. 4.61x1044           D. none of these

____19.  At equilibrium which of the following is zero?

               A. H            

B. G            

C. S             
D. all of these

____20.   Which of the following represents a spontaneous reaction ?

               A. K < 1                 
B.   G< 0              

C. S >0         
D. all of these 

Part II-Essay questions(Please show all your work for complete credit)

21. What is the molar solubility of Zn(OH)2 at pH = 8 ? (Ksp = 2.1 x 10-16)
22. What is the concentration of Ni2+(aq) ion in a 0.045 M Ni(NO3)2 solution that is also 1.0 M NH3? [Kf for Ni(NH3)62+ = 5.5  108]



23. Given the following values of equilibrium constants:

	Cu(OH)2(s)[image: image15.emf]Cu2+(aq) + 2OH–(aq)
	Ksp = 1.60  10–19

	Cu(NH3)42+(aq)[image: image16.emf]Cu2+(aq) + 4NH3(aq)
	K = 1.0  10–13


What is the value of the equilibrium constant for the following reaction?

Cu(OH)2(s) + 4NH3(aq)[image: image17.emf]Cu(NH3)42+(aq) + 2OH–(aq)

24. What is the change in entropy when 0.880 g of silicon is burned in excess oxygen to yield silicon dioxide at 298 K?




Si(s) + O2(g) ( SiO2(s); G = –182.4 J/K at 298 K
25. What is ∆G° at 500.0 K for the following reaction?

Ba(s) + H2O(g) → BaO(s) + H2(g)

	Substance
	 ∆H°f (kJ/mol) at 298 K
	
	S° (J/(mol · K)) at 298 K

	Ba(s)
	0
	
	62.8

	H2O(g)
	–241.8
	
	188.7

	BaO(s)
	–592.0
	
	70.4

	H2(g)
	0
	
	130.6


BONUS QUESTION - (10 points)

The reaction ½ O2(g) + H2(g) → H2O(l) is used in fuel cells to produce an electrical current. The reaction can also be carried out by direct combustion. 

Thermodynamic data:  

Entropy  in J mol–1 K–1: O2(g) 205.0; H2(g)130.6; H2O(l) 70.0; H2O(l) ΔH°f = –285.9 kJ mol–1. 

Use this information to find 

a) The amount of heat released when the reaction takes place by direct combustion; 
b) The amount of electrical work the same reaction can perform when carried out in a fuel cell at 298K under reversible conditions; 
     c) The amount of heat released under the same conditions.

CHEM 1412 EXAM # 3A KEY

( 16 & 17)

Part I.(3 points each)

1. C   

2. D   MgC2O4(s) 
        Mg2+ (aq) + C2O4 2 -(aq)





X             X + 0.02


            Ksp = [Mg2+] [C2O4 2 -] = (X)(X + 0.02) = X(0.02)  ( X =  Ksp / 0.02  = (8.5x10 –5 /0.02)


X = 4.25x10 –3 M

3.  B    Cu (OH)2 (s) 

Cu2+(aq) + 2 OH –(aq)
 (  Ksp = [Cu2+ ] [OH –]2 = (X)(2X)2





   X             2 X

      4 X3 = 2.6x10 –19  ( X = (Ksp /4) 1/ 3 = (2.6x10 –19 /4) 1/ 3 = 4.02x10 –7 M

      [OH-] = 2X = 2(4.02x10 –7) = 8.04x10 –7 M  ( pOH = -log (8.04x10 –7) = 6.09 ( pH =7.91
4. D
5. D
6. C
7. D
8.  A
9.B

10. A (16.2)
11. C(17.1)

12. D   Ag3PO4(s)  
         3 Ag+ (aq) + PO4 3-(aq)








3 X
       X

           Ksp = [Ag+]3[ PO43-] = (3X)3 (X) = 27 X4 ( X4 = Ksp/ 27  (  X = (Ksp/ 27)1/ 4



13. A

14.B

15.A


16.D

17.D


18.C

19.D


20B
     

 
Part II. ( 6 points each)
21.   pH = 8 ( pOH = 14 –8 = 6 ( [OH -] = 10 –pOH = 10 – 6  = 1.0x10 –6 M
           Zn(OH)2 (s) 
         Zn2+(aq) + 2 OH -


  


   
X
  1.0x10 -6



           Ksp = 2.1x10 –16 = [Zn2+] [OH –]2 =  (X) (1.0x10 –6)2  ( X = [Zn2+] = 2.1x10 –4 M

22. [image: image18.emf]5.4



10



10

 M(16.3)
23 [image: image19.emf]1.6



10



6

 (16.3)
24.  –5.72 J/K
25. 324.9 KJ 
BONUS

Solution: First, we need to find ΔH° and ΔS° for the process. Recalling that the standard enthalpy of formation of the elements is zero, ΔH° = ΔH°f(products) – ΔH°f(reactants) = –285.9 kJ mol–1 – 0 = –285.9 kJ mol–1.

Similarly, ΔS° = S°f(products) – S°f(reactants) = (70.0) – (½×205.0 + 130.6) = –163 J K–1mol–1
a) When the hydrogen and oxygen are combined directly, the heat released will be ΔH° = –285.9 kJ mol–1.

b) The maximum electrical work the fuel cell can perform is given by ΔG° = ΔH° – TΔS° = –285.9 kJ mol–1 – (298 K)(–163 JK–1mol–1) = –237.2 kJ mol–1.

c) The heat released in the fuel cell reaction is the difference between the enthalpy change (the total energy available) and the reversible work that was expended: ΔH° – ΔG°= TΔS° = (298 K)(–163 JK–1mol–1) = –48800 J mol–1 = –48.8 kJ mol–1. 

In this reaction, 1.5 moles of gas disappear, to be replaced by 18 mL (1 mole) of water. The system undergoes a marked contraction in which the atmosphere performs pressure-volume work on the system. But this PV work is the "non-useful" work that is not included in the ΔG value.
[image: image20.png]
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CHEM 1412 Sample EXAM # 3  (16 & 17)   Name: _________________________





                                             Score:

PART I (3 points each) –Please write your correct answer next to each question number. 

DO NOT CIRCLE

_____  1. The solubility of silver phosphate, Ag3PO4, at 25°C is 1.55  10–5 mol/L. Determine the concentration of the Ag+ ion in a saturated solution.

A. [image: image22.emf]1.55



10



5

M
B. [image: image23.emf]5.17



10



6

M
C. [image: image24.emf]4.65



10



5

M
D. [image: image25.emf]1.94



10

5

M
_____  2. Which of the following leads to the formation of a precipitate?

A. Q = Ksp

B. Q < Ksp

C. Q > Ksp

D. Q = 1


_____  3. The Ksp for BaF2 is 2.4  10–5. When 10 mL of 0.01 M NaF is mixed with 10 mL of 0.01 M BaNO3, will a precipitate form?




A. No, because Q is 1  10–12 and since it is less than Ksp no precipitate will form.




B. Yes, because Q is 1  10–12 and since it is less than Ksp a precipitate will form.




C. No, because Q is 1.25  10–7 and since it is less than Ksp no precipitate will form.




D. Yes, because Q is 1.25  10–7 and since it is less than Ksp a precipitate will form.

_____  4. The solubility of AgCl in water is _____ the solubility of AgCl in strong acid at the same temperature.


A. greater than

B. less than

C. about the same as

D. cannot be determined

_____  5. The solubility of La(IO3)3 in a 0.42 M KIO3 solution is [image: image26.emf]5.6



10



12

 mol/L. Calculate the Ksp for La(IO3)3.

A. [image: image27.emf]1.1



10



11



B. [image: image28.emf]7.6



10



11



C. [image: image29.emf]4.2



10



13




D. [image: image30.emf]7.4



10



35




_____  6. Which of the following salts shows the lowest solubility in water? (Ksp values: Ag2S = 1.6  10–49; Bi2S3 = 1.0  10–72; HgS = 1.6  10–54; Mg(OH)2 = 8.9  10–12; MnS = 2.3  10–13)




A. Bi2S3

B. Ag2S

C. MnS


D. HgS
_____  7. In a solution prepared by adding excess PbI2 (Ksp = 1.44  10–8) to water, the [I–] at equilibrium is:


A. [image: image31.emf]1.53



10



3

 mol/L
B. [image: image32.emf]1.53



10



3

 mol/L
C. [image: image33.emf]1.20



10



4

 mol/L

D. [image: image34.emf]3.07



10



3

 mol/L

_____  8. You have two salts, AgX and AgY, with very similar Ksp values. You know that Ka for HX is much greater than Ka for HY. Which salt is more soluble in acidic solution?


A. AgX




B. AgY



C. They are equally soluble in acidic solution.



D. Cannot be determined by the information given.

_____  9. The correct mathematical expression for finding the molar solubility (s) of iron(III) hydroxide is:


A. 27s4 = Ksp

B. 2s3 = Ksp

C. 108s5 = Ksp

D. 4s3 = Ksp
_____ 10. Which of the following shows a decrease in entropy?


A. two of these
B. precipitation    C. gaseous reactants forming a liquid
D. melting ice

_____ 11. A 100-mL sample of water is placed in a coffee cup calorimeter. When 1.0 g of an ionic solid is added, the temperature decreases from 21.5°C to 20.8°C as the solid dissolves. For the dissolving of the solid

A.H < 0

B.Suniv > 0

C.Ssys< 0

D.Ssurr > 0
_____ 12. Substance X has a heat of vaporization of 47.1 kJ/mol at its normal boiling point (423°C). For the process X(l)  X(g) at 1 atm and 423°C calculate the value of S.


A. 0


B. 67.7 J/K mol
C. 111 J/K mol
D. –67.7 J/K mol

_______13. The third law of thermodynamics states:

A. The entropy of the universe is increasing.



B. The entropy of the universe is constant.


C. The entropy is zero at 0 K for a perfect crystal.


D. The entropy of the universe equals the sum of the entropy of system and surroundings.
_______14. What would be the effect on the amount of NO present of compressing the equilibrium system to a smaller volume, while keeping the temperature constant?

A. The amount of NO will increase.

B. The amount of NO will decrease.


C. The amount of NO will remain the same.
D. Cannot be determined.
______15. A reaction is spontaneous when

a)  G° is negative and E° is positive.

b)  G° is negative and E° is negative.

c)  G° is positive and E° is negative.

d)  G° is positive and E° is positive.

_____16. Which of the following reactions is associated with the most negative change in 

               entropy?

                A.   4 NH3(g) + 7 O2(g) [image: image35.png]


 4 NO2(g) + 6 H2O(g)             B.   N2(g) + O2(g) [image: image36.png]


 2 NO(g)
                C.   CH4(g) + 4 Cl2(g) [image: image37.png]


 CCl4(l) + 4 HCl(g)                   D.   CO(g) + 2 H2(g) [image: image38.png]


 CH3OH(l)


_____17. Calculate the entropy change (J/mole.K) of the reaction. The molar entropies [So] are 

               given in brackets after each substance.

                  Bi2O3(s) [151.5] + 3 CO(g) [197.7] [image: image39.png]


  2 Bi(s) [56.7] + 3 CO2(g) [213.7]

    A.   +35.2                 
B.   +9.9                          
C.  +79.5                   D.   -79.5

_____18.  For the reaction CO(g) + 2H2(g) [image: image40.png]


 CH3OH(g)  G°700K = –13.462 kJ. The Kp for this reaction at 700. K is:


  A. 10.1


B. 1.00



C. 1.54


D. 2.31


_____19.  Which of the following result(s) in an increase in the entropy of the system?

	I.
	 [image: image41.png]Ld






	II.
	Br2(g)  Br2(l)

	III.
	NaBr(s)  Na+(aq) + Br–(aq)

	IV.
	O2(298 K)  O2(373 K)

	V.
	
	NH3(1 atm, 298 K)  NH3(3 atm, 298 K)


A. I


B. I, III, IV


C. I, II, III, IV


D. I, II, III, V
_____ 20. Which statement below is correct about the third law of thermodynamics?

   A. the change of entropy of the universe is always positive

   B. the entropy of perfect crystal at zero degree K is zero

   C. the entropy of universe is constant

   D. every spontaneous reaction is non-spontaneous in opposite direction

PART II (8 points each) Please show all your work.
21. How many moles of Fe(OH)2 [Ksp = 1.8  10–15] will dissolve in 1.0 liter of water buffered at pH = 10.37?
22.   The overall Kf for the complex ion Ag(NH3)2+ is 1.7  107. The Ksp for AgI is 1.5  10–16. What is the molar solubility of AgI in a solution that is 2.0 M in NH3?

23. Consider the following hypothetical reaction (at 307.8 K). Standard free energies in kJ/mol are given in parentheses.

              A      [image: image42.png]


     B         +            C                    G° = ?

       (-32.2)             (207.8)            (-237.0)

What is the value of the equilibrium constant for the reaction at 307.8 K?

24.  The Kp = 9.66 x 10-16 at 25oC for the following reaction. Calculate [image: image43.png]


Go (kJ). 

       (R = 8.314 J/mol.K)

                                    N2(g) + O2(g)    ↔  2 NO(g)

25. Given [image: image44.png]


S = -266.3 and the listed [So values] calculate So for Fe3O4(s).

                4 Fe3O4(s) [__?__] + O2(g) [205.1] [image: image45.png]


  6 Fe2O3(s) [87.4]
BONUS (10pts)
Consider a solution made by mixing 500.0 mL of 4.0 M NH3 and 500.0 mL of 0.40 M AgNO3. Ag+ reacts with NH3 to form AgNH3+ and Ag(NH3)2+:

	
	Ag+ + NH3[image: image46.emf]AgNH3+
	
	K1 = 2.1  103

	
	AgNH3+ + NH3[image: image47.emf]Ag(NH3)2+
	
	K2 = 8.2  103




The concentration of Ag(NH3)2+ at equilibrium is:

CHEM 1412 EXAM # 3B KEY
( 16& 17)

PART I

1. C
2. C(16.2)
3. C(16.2)
4. C(16.1)
5. C
6. D (16.1)
7. D
8. B(16.1)
9. A(16.1)
10.A (17.1)
11.B(17.3)
12. B(17.4)
13. C (17.5)
14.  B(17.8)
15.  A
16. D  (gases change to liquid)

17. B  [image: image48.png]


S = [3(213.7) + 2(56.7)] – [1(151.5) + 3(197.7)] = + 9.9 J/K

18. A (17.8)
19. B(17.1)
20. B

PART II

21. [image: image49.emf]3.3



10



8

(16.1)   
22. 1.0  10–4   (16.3)
23. 0.31 (17.8)
24.      [image: image50.png]


Go = - RT ln Kp = - (8.314x10 –3) (25+273) ln (9.66x10 –16) = + 85.7 kJ
25.   [image: image51.png]


S = [6 So (Fe2O3) ] – [So (O2) + 4 So ( Fe3O4) ] = [ 6(87.40] – [ (205.10 + 4 So ( Fe3O4)]

            -166.3 = 524.4 –205.1 – 4 So (Fe3O4) (  So (Fe3O4) = 146.4 J/mol.K

BONUS
0.20 M  (16.3)
