








  

 ORANGE  

Answer to Question#1: A sol’n was prepared by dissolving 0.3865 g K2Cr2O7 in water within a 
100.0 mL volumetric flask. An iron sample of mass 0.700 g required 17.70 mL of the K2Cr2O7 
sol’n to reach the end point. How many moles of FeCl2 were in the sample? What is the mass 
percent of iron in this sample?   

6FeCl2(aq) + K2Cr2O7(aq) + 14HCl(aq)  →  6FeCl3(aq) + 2CrCl3(aq) + 2KCl(aq) + 7H2O(l) 
MM:   126.74                294.20                   36.46                  162.19               158.35               74.55             18.02  g/mol 

 

Solution: 
n(K2C2O4) = 0.3865 g × 1 mol/294.20 g  =  0.0013137  or 1.3137×10-3 moles   
[K2C2O4] = 1.3137×10-3 mol/100.0 mL  ×  1000 mL/1 L = 0.013137 M or 1.3137×10-2 M   
Reaction: 
n(K2C2O4) used = 1.3137×10-2 mol/L × 17.70 mL × 1L/1000 mL = 2.3253×10-4 moles   

(0.00023253 moles) 
n(FeCl2) present = 2.3253×10-4 mol K2C2O4 × 6 mol FeCl2/1 mol K2C2O4 = 1.3952×10-3 moles   

(0.0013952 moles)  
*If n(FeCl2) = 0.007882 mol – didn’t include dilution  →  2 pts out of 4 (see below). 

nFe present = 1.3952×10-3 mol FeCl2 × 1 mol Fe/1 mol FeCl2 = 1.3952×10-3 moles   

mass Fe = 1.3952×10-2 moles Fe × 55.84 g/1 mol = 0.077907 g   

% by mass of Fe = (0.077907 g / 0.700 g) × 100% = 11.1%  
*If n(FeCl2) = 0.007882 mol used, would get 62.9% →  overall 4/6 

If n(FeCl2) = 3.876×10-5 mol, ÷ 6 and if final answer is 0.309% →  5/6 

 

 

Answer to Qu#2: 2 pts each; -1 for each mistake (e.g., charges, phases, brackets & species). 
        soluble                         soluble                               insoluble                     soluble 

(i)  NiI2(aq)  +  Pb(NO3)2(aq)  →  PbI2 (s)  +  Ni(NO3)2(aq)   
Ni2+(aq) + 2I–(aq) + Pb2+(aq) + 2NO3

–(aq)  →  PbI2(s) + Ni2+(aq) + 2NO3
–(aq)   

NIE:  Pb2+(aq)  +  2I–(aq)   →   PbI2(s)     
                                                                                                                 (Next part is based on Expt#2) 
  soluble-strong acid                insoluble                      soluble                    reacts further 

(ii) 2HNO3(aq) + CaCO3(s) → Ca(NO3)2(aq) + H2CO3(aq) → Ca(NO3)2(aq) + H2O(l) + CO2(g) 
2H+(aq) + 2NO3

–(aq) + CaCO3(s)  →  Ca2+(aq) + 2NO3
–(aq) + H2O(l) + CO2(g) 

       NIE:  2H+(aq)  +  CaCO3(s)   →   Ca2+(aq)  +  H2O(l)  +  CO2(g)    

If:    2H+(aq)  +  CaCO3(s)   →   Ca2+(aq)  +  H2CO3(aq)  2 pt 
If:    CaCO3(s)   →   Ca2+(aq)  +  CO3

–(aq)  1 pt 
Turn over for next questi  
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ORANGE 
  Answer to Question #3:  Hydrochloric acid reacts with aluminum to form aluminum chloride and hydrogen, i.e.,  

6HCl(aq)  + 2Al(s)  →  2AlCl3(aq)  + 3H2(g) 

If 0.9687 moles of hydrochloric acid reacts with 0.6295 moles of aluminum metal, how many litres of hydrogen gas are produced 
at 100.0°C and 1.00 atm?  

 
n(H2) via HCl = 0.9687 mol HCl × 3 mol H2/6 mol HCl =  0.48435 mol  H2   OR   0.9687 mol HCl/6 =0.16145      

n(H2) via Al =  0.6295 mol Al × 3 mol H2/2 mol Al =  0.94425 mol H2     OR   0.6295 mol Al/2 =0.31475      

HCl is the limiting Reagent – must compare the 2 numbers in some manner to determine LR! 
 

 
n = 0.48435 moles  H2               T = 100.0°C = 373.15 K                P = 1.00 atm = 101.3 kPa 

V = nRT/P = (0.48435 moles  H2)(0.08206 atmLmol-1K-1)( 373.15 K)/1 atm 

OR                                                                            (substitution) 

V = nRT/P = (0.48435 moles  H2)(8.314 kPaLmol-1K-1)( 373.15 K)/101.3 kPa 

V = 14.8 L    
If V = 13.0 L, used Al (0.5296 mol) instead → 2 pts only because didn’t evaluate LR 
If V = 2.5 L, used 0.16145 × 3/6 = 0.080725 moles H2, but calculated V correctly →  3 pts 

 
 

   Answers to Question #4:   

The molecule has   12   sigma &   3   pi bonds.     

 

The Od - Ce - Nf bond angle is 180°.   

 

 

 

 

         

       

| |

| | |

H      H – N – H

C C – C – O – C N:
H  H     H

• •

• •

• •
= ≡

 

 

  

  The type of orbitals that best describe the bond between atoms (b) and (c) are   sp2
   –   sp3    
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