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Part A: Give the detail calculation processes.  (each 20%, total 40%) 

1. Consider the following cell diagram at 25.0℃: 

                Al(s)  Al2(SO4) 3(1.0 M)   FeSO4(1.0M)  Fe(s) 

(a). Give the balanced overall cell reaction. ( 4 %) 

(b). Al3+
(aq) + 3e-       Al(s)     ; Eo = -1.66 V 

   Fe2+
(aq) + 2e-       Fe(s)     ; Eo = -0.41 V 

   Calculate the standard cell potential, E0 = ? V  (4 %) 

(c), Calculate the standard Gibbs free energy change for the reaction, Go = ? KJ [ F = 96485 C/mol e-] (4%)

(d). Calculate the equilibrium constant for the reaction at the standard state. [4%] 

(e). What is the cell potential (V) of the following voltaic cell at 25.0℃?   (4%) 

     Al(s)  Al2(SO4) 3(1.00 x 10-2 M)     FeSO4(1.00 x 10-4 M)  Fe(s) 

 

2. The formula for calcium chloride is CaCl2.  

(a). Calculate the formula weight per mole of the CaCl2 (g/mol).[ Ca = 40.1; Cl = 35.5] (4%) 

(b). When 18.6 g of CaCl2 is dissolved in 200.0 mL of water , calculate the molarity of the solution. (4%) 

(c). Calculate the osmotic pressure ( in atm) for this CaCl2(aq) solution at 25.0℃. ( 4%) 

   [ R = 0.0821 L atm/mol K] 

(d). Assume that the molality is equal to the molarity for this aqueous solution. Give the freezing point 

 for this aqueous solution. ( Kf = 1.86 ℃/m for water)   (4%) 

(e). Assume that the molality is equal to the molarity for this aqueous solution. Give the boiling point  

for this aqueous solution. ( Kb= 0.512 ℃/m for water)   (4%) 

 

Part B: Choose a correct answer. (each 4%, total 60%) 

(    )1. A tentative explanation for a set of observations that can be tested by further experimentation is 

referred to as  A)  a hypothesis.    B)  a law.    C)  a theory.    D)  a definition. 

(    )2. Give the number of protons (p), electrons (e), and neutrons (n) in one atom of nickel-62. 

 A) 28 p, 28 e, 28 n B)  28 p, 28 e, 34 n   C) 28 p, 28 e, 62 n 

D)  62 p, 28 e, 28 n  E)  62 p, 62 e, 28 n     

(    )3. Based on the solubility rules, which one of the following compounds should be insoluble in water? 

   A)  Na2SO4    B)  BaSO4    C)  CuSO4    D)  MgSO4    E)  Rb2SO4  

(    )4. A sample of nitrogen gas has a volume of 32.4 L at 20°C.  The gas is heated to 220ºC at constant 

pressure.  What is the final volume of nitrogen? 

   A)  2.94 L    B)  19.3 L    C)  31.4 L    D)  54.5 L    E)  356 L  

(    )5. What is the energy in joules of a mole of photons associated with red light of wavelength 7.00  102

 nm?  (h:6.63 x 10-34 J.s; NA: 6.02 x 1023;  C = 3.00 x 108 m/s) 

       A)  256 kJ    B)  1.71  105 J    C)  4.72  10–43 J    D)  12.4 kJ    E)  2.12  1042 J 
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(    )6. How many valence electrons does an oxygen atom have? 

   A)  2    B)  4    C)  6    D)  7    E)  8  

(    )7. A 100. mL sample of 0.200 M aqueous hydrochloric acid is added to 100. mL of 0.200 M aqueous  

ammonia in a calorimeter whose heat capacity (excluding any water) is 480 J/K.  The following  

reaction occurs when the two solutions are mixed and the specific heat capacity for this mixing 

solution is 4.184 J/g ℃.    HCl(aq) + NH3(aq)   NH4Cl(aq) 

   The temperature increase is 2.34°C.  Calculate H per mole of HCl and NH3 reacted. 

 A)  154 kJ/mol B)  1.96 kJ/mol   C) 485 kJ/mol  D) –1.96 kJ/mol    E)  –154 kJ/mol  

(    )8. The number of lone electron pairs in the NO2
– ion is ___. 

   A)  4    B)  5    C)  6    D)  7    E)  8 

(    )9.  Give the number of lone pairs around the central atom and the geometry of the ion PCl4
–. 

 A) 0 lone pairs, tetrahedral    B) 1 lone pair, seesaw  C) 1 lone pair, square pyramidal 

 D) 1 lone pair, tetrahedral       E) 2 lone pairs, square planar 

(    )10. Which of the following substances should have the highest boiling point? 

    A)  CH4    B)  Cl2    C)  Kr    D)  CH3Cl    E)  N2 

(    )11. It takes 42.0 min for the concentration of a reactant in a first-order reaction to drop from 0.45 M to

 0.32 M at 25°C.  How long will it take for the reaction to be 90% complete? 

 A)  13.0 min    B)  86.0 min    C)  137 min    D)  222 min    E)  284 min 

(    )12. Consider this gas phase equilibrium system: 

   PCl5(g)   PCl3(g) + Cl2(g)     Hºrxn = +87.8 kJ/mol. 

   Which of these statements is false? 

 A) Increasing the system volume shifts the equilibrium to the right. 

 B) Increasing the temperature shifts the equilibrium to the right. 

 C) A catalyst speeds up the approach to equilibrium and shifts the position of equilibrium to the 

right. 

 D) Decreasing the total pressure of the system shifts the equilibrium to the right. 

 E) Increasing the temperature causes the equilibrium constant to increase. 

(    )13. Calculate the pH of a carbonated beverage in which the hydrogen ion concentration is 3.4  10–4  

M.  A)  3.47    B)  4.58    C)  6.01    D)  7.99    E)  10.53 

(    )14. The molar solubility of tin(II) iodide is 1.28  10–2 mol/L.  What is Ksp for this compound? 

    A)  8.4  10–6    B)  1.28  10–2    C)  4.2  10–6    D)  1.6  10–4    E)  2.1  10–6 

(    )15. In K4[Fe(CN)6], how many 3d electrons does the iron ion have? 

    A)  3    B)  4    C)  5    D)  6    E)  7 

 

 

 


