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Question 1
(i) Two compounds have the same empirical formula, CH. One of the compounds has a molecular mass of 52.03 g/mol and the other has a molecular mass of 78.05 g/mol. Obtain the molecular formulas of both compounds.

MM of empirical formula = 12.01 + 1.01 = 13.02 g/mol
52.03/13.02 = 3.996 ≈ 4	C4H4
78.05/13.02 = 5.995 ≈ 6	C6H6

(ii) A compound contains 47.08% carbon, 6.59% hydrogen, and 46.33% chlorine by mass. The molar mass of the compound is 153 g/mol. What are the empirical and molecular formulas of the compound?

Assume 100.0 g sample

       C		        H		            Cl				            




		                		     




                                          

= 2.999	= 4.99		        = 1.000		     	         
≈ 3		≈ 5			≈ 1		      			

Empirical Formula: C3H5Cl
Empirical molar mass = 76.53 g/mol
Multiple = 153/76.53 = 2
Molecular formula = C6H10Cl2

Question 2
A 2.22-g sample of Ba(OH)2 is dissolved in water to form 250.0 mL solution. The solution is titrated with 0.0554 M H2SO4. The balanced equation for the neutralization reaction is:
		H2SO4(aq)  +  Ba(OH)2(aq)   →   BaSO4(s)  +  2H2O(l)

a) Write the complete and the net ionic equations for the neutralization reaction.

2H+(aq) + SO42-(aq) + Ba2+(aq) + 2OH-(aq)  →  BaSO4(s) + 2H2O(l)
Net is the same as the complete (nothing cancels)

b) What is the molarity of the Ba(OH)2 solution?


Question 3
(a) What is the difference between an oxidizing agent and a reducing agent?

Oxidizing agent: the reduced species
Reducing agent: the oxidized species


(b) Given the redox reaction below: 
     S2O32-(aq) + I2(aq)   →    S4O62-(aq) + I-(aq)

(i) Assign oxidation numbers to all species in the reaction.

O = -2		I = 0		O = -2		I = -1
S = +2				S = 2.5

(ii) Identify the oxidizing agent and the reducing agent.

Oxidizing agent = I2(aq) (the reduced species)
Reducing agent = S2O32-(aq) (the oxidized species)

(iii) Write down the oxidation and reduction half reactions.
 
Oxidation half reaction: S2O32-(aq)   →    S4O62-(aq)
Reduction half reaction: I2(aq)   →    I-(aq)


Question 4
Balance the following redox reaction in acid medium, indicating all charges and physical states.
BrO3-(aq)   +   MnO2(s)   →    Br-(aq)  +    MnO4-(aq)  

BrO3-(aq)  +  6H+(aq)  +   6e-   →    Br-(aq)  +  3H2O(l)     
Br is balanced; balance O with 3H2O(l); H with 6H+(aq); electrons with 6e-

MnO2(s)   +  2H2O(l)   →    MnO4-(aq)  +  4H+(aq)  +  3e-
Mn is balanced; balance O with 2H2O(l); H with 4H+(aq); electrons with 3e-

Multiply second half reaction by 2 to equalize electron count
2MnO2(s)   +  4H2O(l)   →    2MnO4-(aq)  +  8H+(aq)  +  6e-

Combine equations
BrO3-(aq)   +   2MnO2(s)  +  H2O(l)   →    Br-(aq)  +    2MnO4-(aq)  +  2H+(aq)  




Question 5
(a) Predict the products and then balance the following chemical equations:

C2H5OH  +  O2   →   

C2H5OH  +  3O2   →   2CO2  +  3H2O

Fe2O3   →		

2Fe2O3   →  4Fe  +  3O2

Mg  +  HNO3   →

Mg  +  2HNO3   →  Mg(NO3)2  +  H2

(b) Indicate the type of chemical reaction in each of the following:

Pb(NO3)2  +  2KI   →   PbI2  +  2KNO3	double replacement


2Li  +  Cl2  →   2LiCl				combination




Question 6
The combustion of 33.5 g C3H8 with 127 g O2 yields 16.1 g H2O. What is the limiting reactant? What is the percent yield? The balanced equation is:
C3H8  +  5O2   →   4H2O  +  3CO2

C3H8



O2




The limiting reactant = C3H8





Question 7
Hydrochloric acid reacts with calcium carbonate according to the following reaction:
2HCl(aq) + CaCO3(s) → CaCl2(aq) + CO2(g) + H2O(l) 	

(i) How many grams of CaCO3 are required to react with 38.4 mL of 0.442 M HCl?

mol HCl = 0.442 M x 0.0384 L = 0.0170 mol HCl






(ii) Write the net ionic equation for the reaction.

2H+(aq)  +  2Cl-(aq) + CaCO3(s) → Ca2+(aq) +  2Cl-(aq) + CO2(g) + H2O(l)

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



Question 8
(i) A sample of 0.7922 g of an unknown compound containing barium ions (Ba2+) is dissolved in water and treated with an excess of Na2SO4. If the mass of the precipitated barium sulfate (BaSO4) formed is 0.3941 g, what is the percent by mass of Ba in the original unknown compound?


MM BaSO4 = 137.3 + 32.07 + 4(16.00) = 233.37 g/mol
















Question 9
(i) Give two examples of each of the following:

Strong acid: HCl and HNO3


Weak base: NH3 and cocaine


Electrolyte: NaCl and KBr



(ii) If 250.0 mL of the 0.0554 M H2SO4 was initially prepared by diluting 0.525 M of stock solution, determine the volume of the stock solution used.








Question 10
A 450.0-mL sample of an aqueous solution contains 32.4 g of AlCl3. Calculate the molarity of Cl- in this solution. How many grams of Cl- are there in 1.00 liter of this solution?

MM AlCl3 = 26.98 + 3(35.45) = 133.33 g/mol
AlCl3(aq)   →  Al3+(aq)  +  3Cl-(aq)














Bonus
(i) An aqueous sample is known to contain either Ag+ or Mg2+. Treatment of the sample with NaOH produces a precipitate, but treatment with KBr does not. Use the solubility rules to determine which cation is present.

Hydroxides are marginally soluble.
Treatment with KBr will produce either AgBr (insoluble) or MaBr2 (soluble).
Implies unknown contains Mg2+.


(ii) Dissolving aluminum sulfate in water results in a solution containing aluminum ions and sulfate ions. Write down the ionization reaction. 

Al2(SO4)3(aq)  ↔  2Al3+(aq)  +  3SO42-(aq)
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