 SEQ CHAPTER \h \r 1                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

	H2(g)
	  0
	  0
	 130.58

	Cl(g)
	  121.7
	 105.7
	  165.2  

	CO2(g)
	–393.5
	– 394.4
	213.6

	C2H6(g)
	–84.68
	–32.89
	229.5

	HCl(g)
	
	– 95.27
	

	H2O(l)
	 -285.85
	 -236.81
	 69.96


(G = (G°  +  RT Ln Q

Half reactions used in this examination:     
Some constants for aqueous equilibria

                                         Eo  (Volts)      
Ag+(aq)  +  e-   =  Ag(s)     +0.80

Ka values:

Ni2+(aq) + 2e- = Ni(s)         –0.25

HC2H3O2     1.8 x10–5
 Cu2+(aq)  + 2 e-  = Cu(s)     +0.34 

HClO          3.0 x 10-8
Pb2+(aq)   +2 e-  =  Pb(s)     –0.13 

HCN            4.9 x 10–10

Al3+(aq)    + 3e-  = Al(s)     –1.66

Kb values:

Zn2+(aq)   + 2e-   = Zn       –0.76

NH3             1.8 x 10–5






CH3NH2       4.4 x 10–4






CO32(            1.79 x 10(4
2H+ (aq)   + 2e-   = H2(g)     0.00

Constants:  ℱ = 96500 coulombs per mole of electrons.

                E = E0  -  0.0592 log Q
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Match the pH.  For questions 1 to     7    Select the pH value from the list below, and write its corresponding letter in the space provided.  Select the value which comes closest to the correct value in each case.

A)  7.0     B)  9.91      C)  4.78
       D)  12.6     E)  1.4     F)  8.7      G) 10.25    H)  4.11

_______1.  0.040 molar  NaOH

_______2.    A solution that has an [H+]  of   2.00 x 10(9 M

_______3.    The solution produced when 1.0 mol of KOH reacts with 1.0 mol of HNO3 



in 2.00 liters of solution

_______4.   0.200 molar   HClO

_______5.    A solution that contains 0.200 mol of Na2CO3  and 0.200 mol of NaHCO3  


in 2.00 liters of solution

_______6.  The solution formed when 50.0 mL of 1.00 M  NH3  reacts with 50.0 mL of 1.00 M  HCl.
_______7.   0.0200 molar  NaClO

_______8.  The appendix of your chem text lists the Ka values for several acids.  Which of the following acids does NOT have a listed Ka value?


A)  HNO3      B)   HF      C)  HCOOH       D)   C   HNO2
_______9.   A 0.20 molar solution of benzoic acid has a pH of 2.45.  What is  the Ka of benzoic acid?   3.5 x 10(3      B) 1.3 x 10(6         C) 6.3 x 10(5      D) 1.6 x 10(9 

_______10.  A certain reaction is spontaneous only at temperatures below 380 K.   At 298 K, for this reaction,  (G° ,  (H°,  and (S° ,  respectively  are


A) all +      B) all (     C)  ( ,  +,  +    D)  +, ( ,(      E)   (, (, +

_______11.  Find the value of (G°  in kJ/ mol   for the conversion of liquid benzene to gaseous benzene at 298 K.  (  C6H6(ℓ)    (   C6H6(g) )    


A)   124.5      B) 129.7    C) 5.2    D) (5.2     E) (129.5

______12.   For the reaction  H2(g)   +  Cl2(g)    (  2 HCl(g),  ( H° is ( 184.6  kJ


What is the standard heat of formation of HCl(g)?


A)  + 92.3 kJ/mol    B) (92.3 kJ/mol     C) + 184.6 kJ/mol    D) (369.2 kJ


E) + 369.2 kJ

_______13.  What is the value of (G°  for  reaction at 298 K  if the equilibrium constant for that reaction at 298 K  is 1.00?    A) 1.00   B)  2.48 kJ    C) (2.48 kJ


D)  0       E)  (1

______14.  Which of the following would have the greatest standard entropy,  S°?


 A)  H2  gas  at 300 K, and 1.00 atm     B)  He gas at 200 K  and 2.00 atm


C)   SO2  gas at  300 K and 0.80 atm     D)   NO2 gas at 200 K and 2.00 atm


E)   Br2 liquid  at 300 K  and 1.00 atm

______15.   If the molar solubility of  AgI  is  9.1 x 10-9  what is the Ksp of AgI?


A) 8.3 x 10(17      B)  9.5  x 10(5    C) 9.1 x 10-9     D) 3.0 x 10(24
______16.  A student analyzing a colorless, clear solution, tests it with  3.00 molar HCl.


No precipitate forms, and the solution remains clear and colorless.  Which pair of ions are probably BOTH  absent from the unknown solution?


A)  Ag+   and   Ba2+       B)  Pb2+   and  NH4+     C)   Ag+   and Cu2+

D)    Ba2+    and  Ni2+
______________17.  Write the formula for the conjugate  base of  NH3
_________________18.     For the reaction   


 H3PO4(aq)  + H2O(ℓ)  ⇄  H3O+(aq)   +  H2PO4(  (aq) the  Keq is  0.0075.  Based on this information, and using Bronsted-Lowry acid-base definitions, what is the strongest base shown in this balanced equation?  

(1-18  1 and 2/3 pts each)

Problems:   Solve ALL problems in the blue test booklet provided.

I.  A beaker contains 200. mL of an HCl solution that has a pH of  1.80  .     


A.  What is the molarity of the  HCl  solution?


B.  How many moles of chloride ion are present in this solution?


C.   The  entire sample of HCl  solution is poured into another beaker that already contains 200. mL of pure water.   What is the pH of the new solution?

(6 pts)

II.    A.  Find the Kb of a base,  C2H5NH2 ,  given that a 0.400 molar solution of that base (ethylamine)   has a pH of 12.20  .

       B.   What would be the pH of a 0.0400 molar solution of that same base? 

(6 pts)

III.   A   solution  containing 0.200 moles of  HCOOH and 0.100 moles of HCOONa  in a 200 mL volume is found to have a pH of 3.44.  What is the Ka of HCOOH?

(3 pts)

IV.  A buffer is prepared  using nitrous acid,  HNO2  ( Ka = 4.5 x 10(4)  and  NaNO2 .

(8 pts)


Initially 0.400 moles of HNO2  and 0.300 moles of NaNO2  are dissolved in water to a volume of 240. mL.


A.  What is the pH of the buffer?


B.  240 mL of water is added to the buffer.  What is the pH after the addition of the water?


C.   After the addition of the water, the volume is now 480 mL.   To this solution, we add  20.0 mL of 5.00 molar NaOH.   What is the pH of the buffer now?


D.  HONORS:   What would the pH be after an additional  60.0 mL of the 5.00 molar NaOH was added to the solution formed in part C?

V.    50.0 mL  of  0.200 molar HCl solution is titrated with 0.400 molar NaOH.  Find the pH

(7 pts)


A.  Before any NaOH is added


B.  After the addition of  20.0 mL of the NaOH


C.  After the additon of 25.0 mL of the NaOH

VI.    50.0 mL of 0.200 molar  HC2H3O2  solution is titrated with 0.200 molar  NaOH.


Find the pH

(10 pts)


A.  Before any NaOH is added


B.  After the addition of  40.0 mL of NaOH


C.  After the addition of 50.0 mL of NaOH


D.  After the addition of 60.0 mL of NaOH

VII.  If  0.400 molar NH3  solution is titrated with 0.200 molar HCl solution, what is the 

(6 pts)


A) concentration of NH4+  ion at the equivalence point


B)  pH of the solution at the equivalence point

(You need the answer to part A to do part B.  If you do not know how to do part A, use a value of 0.200 molar for the conc. of the ammonium ion to solve part B)

VIII.   Sufficient BaF2 is added to 500. mL of solution to produce a saturated solution.


The fluoride concentration is found to be 0.0150 molar.

(9 pts)


A.  What is the concentration of Ba2+ ion in the saturated solution?


B.  What is the Ksp of BaF2  ?


C.  The Ksp of CaF2 is  3.9 x 10-11 .   What is the molar solubility of CaF2 in



i)  water       ii)  a 0.200 molar solution of  NaF    

IX.   For the reaction  Cl2(g)   (  2 Cl(g)   at 298 K,  find 


A)   (G° ,  B)     (H° ,  and    C)   (S°         

( 7 pts)

X.    A.  Find ΔG°   for the reaction C2H4(g)   +   H2(g)     (  C2H6(g)  

(8 pts)

        B.   Find the equilibrium constant for this reaction at 298 K.

        C.   Find the value of  (G  for this reaction when  the pressures of the three gases in the system are C2H4 =  4.00 atm,     H2  =  4.00 atm,  and C2H6 = 0.00400 atm.

