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CHEM 16.1 

Problem Set 3 

EXER 11: Mass Relationships Accompanying Chemical Changes 

1. Nitrogen gas can be prepared by passing gaseous ammonia over solid copper (II) oxide at high 

temperatures. Other products of the reaction are copper metal and water vapor: 
 

___NH3(g) + ___CuO(s)          ___N2(g) + ___Cu(s) + ___H2O(g) 

a. If 18.1 g NH3 is reacted with 90.4 g CuO, which is the limiting reactant? [Ans. CuO] 
b. How many grams of N2 will be produced? [Ans. 10.6 g] 
c. How much of the excess reactant remains unreacted? [Ans. 2.0 g] 

 
2. Heating copper with an excess of sulfur gives copper (I) sulfide as the product. When 2.00 g Cu was 

heated with excess sulfur, 2.31 g of copper (I) sulfide was isolated. 
a. What is the theoretical yield? [Ans. 2.50 g] 
b. What is the percent yield? [Ans. 92.4 %] 
 

3. Four groups investigated the effect of varying the amounts of Na3PO4 and CaCl2 on the amount of 
Ca3(PO4)2 precipitate formed. 
a. Write the balanced chemical equation for the precipitation of Ca3(PO4)2 from aqueous solutions of 

Na3PO4 and CaCl2. 
b. Using the given masses of each reagent used by each group, complete the table below. 

 

Grou
p 

mass of 
Na3PO4 

(g) 

mass of 
CaCl2 (g) 

mass of 
precipitate 

(g) 

Observations 
LR ER filtrate + 

Na3PO4 (aq) 
filtrate + 
CaCl2 (aq) 

A 20.0 18.9      

B 20.0 20.3      

C 30.0 28.4      

D 30.0 32.6      

 
c. Which group prepared stoichiometric amounts of the reactants? 

 
 
EXER 12: Precipitation Reactions and Solubility Rules 

 
1. For each pair of compounds, predict whether they will form a precipitate or not.  Write the net ionic 

equation for the pair which produced a precipitate. 
a. Barium bromide and sodium sulfate 
b. Potassium iodide and strontium nitrate 
c. Sodium carbonate and calcium chloride 
d. Ammonium hydroxide and lead (II) nitrate 
e. Potassium dichromate and ammonium acetate 

 
2. A sample solution may contain any or all of the following ions: Hg2

2+, Ba2+ and Mn2+.  No precipitate was 
formed when an aqueous solution of NaCl or Na2SO4 was added.  A precipitate formed when the sample 
solution was made basic with NaOH.  Which ion or ions are present in the sample solution? 

 

EXER 13: Quantitative Determination of the Acidity of Vinegar 

1. How much sodium hydroxide pellets is needed to prepare a 250 mL of 0.075 M solution? [Ans. 0.75 g] 
 

2. The sodium hydroxide solution prepared from no. 1 was standardized using potassium acid phthalate. A 
0.30g sample of potassium acid phthalate dissolved in 50.00 mL water was titrated with the sodium 
hydroxide solution up to the faint pink endpoint. The volume of the base solution used is 19.90 mL. 
a. Give the balanced equation for the reaction between sodium hydroxide and potassium acid phthalate. 

b. How many moles of potassium acid phthalate were used? [Ans. 1.5X10-3 mol] 
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c. How many moles of sodium hydroxide reacted with potassium acid phthalate? [Ans. 1.5X10-3 mol] 
d. What is the molarity of the sodium hydroxide solution? [Ans. 0.075 M] 

 
3. The standardized sodium hydroxide solution from #2 was then used to determine the acetic acid content 

of a 5.00 mL vinegar sample. The volume of the base used to reach the endpoint is 35.20 mL. 
a. Give the balanced chemical equation for the reaction between NaOH and acetic acid in vinegar. 

b. How many moles of sodium hydroxide were used? [Ans. 2.6X10-3 mol] 
c. How many moles of acetic acid were present in the vinegar sample? [Ans. 2.6X10-3 mol] 
d. What is the molarity of the vinegar sample? [Ans. 0.52 M] 
e. How much acetic acid, in grams, is present in 100 mL vinegar? [Ans. 3.1 g] 

 
 

DRILL 11: Balancing Oxidation-Reduction Reactions by the Change in Oxidation Number Method 
 
1. ___ Sn(s)  +  ___ HNO3(aq)  +  ___ H2O(l)    ___ H2SnO3(aq)  +  ___ NO(g) 

2. ___ HNO3(aq)  +  ___ H3AsO3(aq)    ___ NO(g)  +  ___ H3AsO4(aq)  +  ___ H2O(l) 

3. ___ Mn2+
(aq)  +  ___ BiO3

–
(aq)  +  ___ H3O

+
(aq)    ___ MnO4

–
(aq)  +  ___ Bi3+

(aq)  +  ___ H2O(l) 

4. ___ IO3
–
(aq)  +  ___ I–

(aq)  +  ___ H3O
+

(aq)    ___ H2O(l)  +  ___ I2(aq) 

5. ___ K2Cr2O7(aq)  +  ___ HI(aq)    ___ KI(aq)  +  ___ CrI3(aq)  +  ___ I2(aq)  +  ___ H2O(l) 

 

EXER 14: Heat Effects and Calorimetry 

1. Why should the solution inside the coffee cup calorimeter be stirred when performing calorimetry tests? 
 

2. When 20.00 g of warm water with a temperature of 72.0 °C was added to a coffee cup calorimeter 
containing 20.00 g of cold water with an initial temperature of 12.9 °C, the temperature inside the 
calorimeter was found to increase to 29.4 °C.  
a. Determine the following: Qwarm, Qcold, Qcalorimeter.  [Ans. Qwarm = -3561 J, Qcold = 1379 J,  Qcal = 2182 J 

b. Calculate the calorimeter constant. [Ans. Ccal = 132 J/°C] 
 

3. Using the same calorimeter from no. 2 and the given data for the dissolution of Na2CO3: 
Mass of Na2CO3, g 2.50 
Volume of water, mL 
(density of H2O = 1.00 

g/mL) 
30.70 

Temperature of water, °C 27.8 

Temperature of solution 
after dissolution, °C 

35.6 

a. What is Qcalorimeter? [Ans. Qcal = 1030 J] 
b. What is Qsolution?    [Ans. Qsol’n = 1083 J] 
c. What is ΔHsolution? [Ans. ΔHsol’n = -2112 J] 
d. Is the dissolution endothermic or exothermic? 
e. Give the thermochemical equation for the dissolution for Na2CO3. 

 

 


