[image: image1.jpg]1A IVA VA VIAVIIA

1B IVB_VB VIB VIIB —VIB— 1B 1B mﬁu.








Name:
Essays for Stoichiometry and Thermochemistry

1. Answer the following questions about BeC2O4(s) and its hydrate.

a. Calculate the mass percent of the carbon in the hydrated form of the solid that has the formula BeC2O4 . 3 H2O.

b. When heated to 220.oC, BeC2O4 . 3 H2O(s) dehydrates completely as represented:
BeC2O4 . 3 H2O ( BeC2O4(s) +  3 H2O(g)

i. If 3.21 grams of BeC2O4 . 3 H2O(s) is heated to 220.oC, calculate the mass of BeC2O4(s) formed and

ii. The volume of H2O(g) released, measured at 220.oC and 735 mm Hg.

2. Answer the following questions about acetylsalicylic acid, the active ingredient in aspirin.

a. The amount of acetylsalicylic acid in a single aspirin tablet is 325 mg, yet the tablet has a mass of 2.00 g.  Calculate the mass percent of acetylsalicylic acid in the tablet.

b. The elements contained in acetylsalicylic acid are hydrogen, carbon and oxygen.  The combustion of 3.000 g of the pure compound yields 1.200 g of water and 3.72 L of dry Carbon Dioxide, measured at 750 mm Hg and 25 oC.  Calculate the mass, in g, of each element in the 3.000 g sample.

c. A student dissolved 1.625 g of pure acetylsalicylic acid in distilled water and titrated the resulting solution to the equivalence point using 88.43 mL of 0.102 M NaOH(aq).  Assuming that acetylsalicylic acid has only 1 ionizable hydrogen, calculate the molar mass of the acid.

3. Consider five unlabeled bottles, each containing 5.0 g of one of the following pure salts:
AgCl

BaCl2

CoCl2

NaCl

NH4Cl

a. Identify the salt that can be distinguished by its appearance alone.  Describe the observation that supports your identification.

b. Identify the salt that can be distinguished by adding 10 mL of H2O to a small sample of each of the remaining unidentified salts.  Describe the observation that supports your identification.
c. Identify a chemical reagent that could be added to the salt identified in part (b) to confirm the salt’s identity.  Describe the observation that supports your confirmation.

d. Identify the salt that can be distinguished by adding 1.0 M Na2SO4 to a small sample of each of the remaining unidentified salts.  Describe the observation that supports your identification.

e. Identify the salt that can be distinguished by adding 1.0 M NaOH to a small sample of each of the remaining unidentified salts.  Describe the observation that supports your identification.

4.  The reaction between silver ion and solid zinc is represented by the following equation:      2 Ag+ (aq)  +  Zn (s)  (  Zn2+ (aq)  + 2 Ag (s)


a.  A 1.50 g sample of Zn is combined with 250. mL of 0.110 M AgNO3 at 25oC.



i.  Identify the limiting reactant.  Show calculations to support your answer.



ii.  On the basis of the limiting reactant that you identified in part (i) determine the value of the [Zn2+] (concentration) after the reaction is complete.  Assume the volume change is negligible.

5. Consider the hydrocarbon pentane, C5H12 (molar mass 72.15g)

a. Write the balanced equation for the combustion of pentane to yield carbon dioxide and water.

b. What volume of dry carbon dioxide, measured at 25oC and 785 mmHg, will result from the complete combustion of 2.50 g of pentane.

c. The complete combustion of 5.00 g of pentane releases 243 kJ of heat.  On the basis of this information, calculate the value of ΔH for the complete combustion of one mole of pentane.

d. Under identical conditions, a sample of unknown gas effuses into a vacuum at twice the rate that a sample of pentane gas effuses.  Calculate the molar mass of the unknown gas.

6. Given that H+ (aq)  +  OH- (aq) ( H2O (l) A student is asked to determine the molar enthalpy of neutralization, ΔH neut, for the given reaction.  The student combines equal volumes of 1.0 M HCl and 1.0 M NaOH in an open polystyrene cup calorimeter.  The heat released by the reaction is determined by using the equation q = m c ΔT.  Assuming the following:

i. Both solutions are at the same temperature before they combine

ii. The densities of all solutions are the same as that of water.

iii. Any heat lost to the calorimeter or to the air is negligible.

iv. The specific heat capacity of the combined solutions is the same as that of water.

a. Give the appropriate unit for each of the terms in the equation q = m c ΔT

b. List the measurements that must be made in order to obtain the value of q.

c. Explain how to calculate the following.

a. The number of moles of water formed.

b. The value of the molar enthalpy of neutralization, ΔH neut, for the reaction.

d. The student repeates the experiment with the same equal volumes as before, but this time uses 2.0 M solutions of HCl and NaOH.

a. Indicate whether the value of q increases, decreases or stays the same when compared to the first experiment.  Justify your prediction.

b. Indicate whether the value of the molar enthalpy of neutralization, ΔH neut, increases, decreases, or stays the same when compared to the first experiment.  Justify your prediction.

e. Suppose that a significant amount of heat were lost to the air during the experiment.  What effects would this have on the calculated value of the molar enthalpy of neutralization, ΔH neut?  Justify your answer.

7.  Iron (III) oxide can be reduced with carbon monoxide according to the following equation:
Fe2O3 (s)  +  3 CO (g)  ( 2 Fe (s)  + 3 CO2 (g)
A 16.2 L sample of CO (g) at 1.50 atm and 200.oC is combined with 15.39 g of Fe2O3 (s).


a.  How many moles of CO(g) are available for the reaction?


b.  What is the limiting reactant for the reaction?  Justify your answer with calculations.


c.  How many moles of Fe(s) are formed in the reaction?

8. In a reaction vessel, 0.600 mol of Ba(NO3)2 (s) and 0.300 mol of H3PO4 (aq) are combined with deionized water to a finial volume of 2.00 L.  The reaction is as follows:
3 Ba(NO3)2 (aq)  +  2 H3PO4 (aq) ( Ba3(PO4)2 (s)  +  6 HNO3 (aq)

a. Calculate the mass of Ba3(PO4)2 (s) formed.

b. What is the concentration, in mol L-1, of nitrate ion, NO31- (aq), after the reaction reaches completion?  

9. In an experiment, a sample of an unknown, pure gaseous hydrocarbon was analyzed.  Results showed that the sample contained 6.000g of carbon and 1.344 g of hydrogen.

a. Determine the empirical formula of the hydrocarbon.

b. The density of the hydrocarbon at 25oC and 1.09 at is 1.96 g L-1.

i. Calculate the molar mass of the hydrocarbon

ii. Determine the molecular formula of the hydrocarbon

10. In an experiment, liquid heptane, C7H16 (l), is completely combusted to produce carbon dioxide gas and liquid water, as represented by the following equation          C7H16 (l)  +  11 O2 (g)  (  7 CO2 (g)  +  8 H2O (l).   The heat of combustion, ΔHocomb, for one mole of C7H16 (l) is -4.85 x 103 kJ.

a. Using the information in the table below, calculate the value of ΔHof for C7H16 (l) in kJ mol-1.

	Compound
	 ΔHof (kJ mol-1)

	CO2 (g)
	-393.5

	H2O (l)
	-285.8


b. A 0.0108 mol sample of heptane is combusted in a bomb calorimeter. 
i. Calculate the amount of heat released to the calorimeter.

ii. Given the total heat capacity of the calorimeter is 9.273 kJ oC-1, calculate the temperature change of the calorimeter.

11.  2 Fe(s)  +  3/2 O2(g)  (  Fe2O3 (s)      ∆Hof = - 824 kJ mol-1
Iron reacts with oxygen to produce iron (III) oxide, as represented above.  A 75.0 g sample of Fe (s) is mixed with 11.5 L of O2 (g) at 2.66 atm and 298 K.

a. Calculate the number of moles of each of the following before the reaction begins.

a. Fe (s)

b. O2 (g)

b. Identify the limiting reactant when the mixture is heated to produce Fe2O3 (s).  Support your answer with calculations.

c. Calculate the number of moles of Fe2O3 (s) produced when the reaction proceeds to completion.

2 FeO (s)  + ½ O2 (g) (  Fe2O3 (s)

d. The reaction represented above also produces iron (III) oxide.  The value of ∆Ho for the reaction is - 280 kJ per mole of Fe2O3 (s) formed.  Calculate the standard enthalpy of formation, ∆Hof, of FeO(s).

12. 2Al(s) +2KOH(aq) + 4H2SO4(aq) + 22H2O(l) ( 2KAl(SO4)2.12H2O(s) + 3H2(g)  

In an experiment, a student synthesizes alum, KAl(SO4)2.12H2O(s), by reacting aluminum metal with potassium hydroxide and sulfuric acid, as represented in the balanced equation above.

c. In order to synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid.  Describe the procedure for preparing 50.0 mL of 5.0 M H2SO4 using any of the chemicals and equipment listed below.  Indicate specific amounts and equipment where appropriate.

i. 10.0 M H2SO4


50.0 mL Volumetric flask

ii. Distilled water


50.0 mL buret

iii. 100 mL graduated cylinder
25.0 mL pipet

iv. 100 mL beaker

50 mL beaker

d. Calculate the minimum volume of 5.0 M H2SO4 that the student must use to react completely with 2.7 g of aluminum metal.

e. As the reaction cools, alum crystals precipitate.  The student filters the mixture and dries the crystals, then measures their mass.

i. If the student weighs the crystals before they are completely dry, would the calculated percent yield be greater than, less than, or equal to the actual percent yield? Explain.

ii. Cooling the reaction solution in an ice bath improves percent yield.  Explain.

f. The student heats the crystals of pure alum, 2KAl(SO4)2.12H2O(s), in an open crucible to a constant mass.  The mass of the sample after heating is less than the mass before heating.  Explain.
13. Answer the following question about thermodynamics.
	Substance
	Combustion Reaction
	Enthalpy of Combustion,

∆Hocomb, at 298 K (kJ mol-1)

	H2 (g)
	H2 (g)  + ½ O2 (g) ( H2O (l)
	- 290

	C (s)
	C (s)  +  O2 (g) ( CO2 (g)
	- 390

	CH3OH (l)
	
	- 730


a. In the empty box in the table above, write a balanced chemical equation for the complete combustion of one mole of CH3OH (l). Assume products are in their standard states at 298 K.  Coefficients do not need to be whole number.

b. On the basis of your answer to part (a) and the information in the table, determine the enthalpy change for the reaction

C (s)  +  H2 (g)  + H2O (l) (  CH3OH (l)

c. Write the balanced chemical equation that shows the reaction that is used to determine the enthalpy of formation for one mole of CH3OH (l).

d. On the basis of bond energies, explain why the combustion of H2 (g) is exothermic.

14. Answer the following questions about a pure compound that contains only carbon, hydrogen and oxygen.

a. A 0.7549 g sample of the compound burns in O2 (g) to produce 1.9061 g of CO2 (g) and 0.3370 g of H2O (g).

i. Calculate the individual masses of C, H and O in the 0.7549 g sample.

ii. Determine the empirical formula for the compound.

b. Further tests indicate that a 0.10 M aqueous solution of the compound has a pH of 2.6.  Identify the organic functional group that accounts for this pH.

15.  


CO (g)  + ½ O2 (g)  ( CO2 (g)

The combustion of carbon monoxide is represented by the equation above.

a. Determine the value of the standard enthalpy change, ∆Horxn, for the combustion of CO (g) at 298 K using the following information.

C (s) + ½ O2 (g)  ( CO (g)

∆Ho298 = -110.5 kJ mol-1.

C (s) + O2 (g)  ( CO2 (g)

∆Ho298 = -393.5 kJ mol-1.

16. Answer the following questions that relate to the analysis of chemical compounds.
a. A compound containing the elements C, H, N and O is analyzed.  When a 1.2359 g sample is burned in excess oxygen, 2.241 g of CO2 (g) is formed.  The combustion analysis also showed that the sample contained 0.0648 g of H.

i. Determine the mass, in grams, of C in the 1.2359 g sample of the compound.

ii. When the compound is analyzed for N content only, the mass percent of N is found to be 28.48 percent.  Determine the mass, in grams, of N in the original 1.2359 g sample of the compound.

iii. Determine the mass, in grams, of O in the original 1.2359 g sample of the compound.

iv. Determine the empirical formula of the compound.

b. A different compound, which has the empirical formula CH2Br, has a vapor density of 6.00 g L-1 at 375 K and 0.983 atm.  Using these data, determine the following:

i. The molar mass of the compound.

ii. The molecular formula of the compound.

