Name: Section:

Workshop #8: Thermochemistry

Show calculation setups and answers for each question. Please note that your instructor
may opt to assign specific questions from those listed below.

1.

Calculate the change in internal energy (in J) for a balloon that is heated by adding 215
cal of heat. It expands, doing 422 J of work on the atmosphere.

Consider the following balanced reaction: CH3sOH(g) — CO(g) + 2H2(g), where
AH = +90.7 kJ. If the enthalpy change is 16.5 kJ, how many grams of hydrogen gas are
produced?

A 50.00 g sample of an unknown substance absorbed 2.578 kJ of energy as it changed
from a temperature of 25.0 °C to 89.7 °C. What is the specific heat of this unknown
substance (in J/g °C)?

An alloy of mass 25.0 g was heated to 88.6 °C and then placed in a calorimeter that
contained 61.2 g of water at 19.6 °C. The temperature of the water rose to 21.3 °C.
Determine the specific heat of the alloy (in J/g °C).

100.0 g of copper metal, initially at 100.0 °C, is added to a calorimeter containing
250.0 g of H20 at 15.0 °C. If the specific heat of copper is 0.389 J/g °C, what is the final
temperature of the water and copper mixture?
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6. The chemical equation for the combustion of magnesium in sulfur dioxide is
3Mg(s) + SO2(g) — MgS(s) + 2 MgO(s)

Calculate the AH®mwn (in kJ) given the following thermodynamic data:

Mg(s) + %2 02(g) — MgO(s) AH° =-601.7 kJ
Mg(s) + S(s) — MgS(s) AH® =-598.0 kJ
S(s) + 02(g) — SO2(g) AH® =-296.8 kJ

7. Consider the following thermochemical equation:
4 NHs(g) + 502(g) — 4NO(g) + 6 H20(g)
Determine the AH®xn (in kcal) given the following thermochemical data:
N2(g) + O2(g) — 2NO(g) AH° = 43.20 kcal

Na(g) + 3H2(g) — 2NHs(g)  AH°=-22.10 keal
2Ha(g) + O2(g) — 2H.0(g)  AH° =-115.60 kcal
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8. Consider the neutralization reaction of sodium hydroxide and sulfuric acid in a coffee-
cup calorimeter.

2 NaOH(aqg) + H2SOs(aq) — NaxSOs(aq) + 2 H20(1)

100.0 mL of 1.00 M agqueous NaOH is mixed with 100.0 mL of 1.00 M aqueous H2SOa,
each at 24.0 °C, were mixed. The maximum temperature achieved was 30.6 °C.
Calculate the enthalpy change of reaction (in kJ/mol) of Na2SO4 produced. The specific
heat of the reaction is known to be 4.184 J/g °C. The density of the reaction mixture is
1.00 g/mL. Assume the volumes are additive.

9. Suppose 50.0 mL of HCI is combined with 100.0 mL of 1.05 M NaOH in a coffee-cup
calorimeter. The reaction mixture, initially at 22.0 °C, reached a final temperature of
30.2 °C. Determine the molarity of the HCI solution assuming all of the HCI reacted and
that NaOH is present in excess. The specific heat of the reaction is known to be
0.96 cal/g °C, and the heat of neutralization is 13.6 kcal/mol. The density of the reaction
mixture is 1.02 g/mL. Assume the volumes are additive.

Chemistry MO1A Laboratory Manual Page 110



	Experiment #1: Measurements involving Mass, Volume, and Statistical Analysis of Data
	Procedure
	Part 1
	Part 2
	Part 3

	Data and Calculations
	Part 1
	Part 2

	Post-lab Questions
	Pre-lab Questions

	Experiment #2: Graphical Representation of Data and the Use of Excel®
	Laboratory Procedure
	Excel® Procedure
	Data and Calculations
	Post-lab Questions

	Experiment #3: Weight Analysis of a Copper Oxide
	Data and Calculations
	Post-lab Questions

	Experiment #5: Determination of Avogadro’s Number from Electrodeposition of Copper
	Procedure
	Data and Calculations
	Post-lab Questions

	Experiment #6: Synthesis of Copper(II) Compounds
	Procedure
	Data Analysis and Calculations
	Post-lab Questions
	Pre-lab Questions

	Experiment #7: Qualitative Analysis of Various Reagents
	Pre-lab Questions
	QUALITATIVE ANALYSIS Report Sheet

	Experiment #8: Calorimetry
	Procedure
	Data and Calculations
	Pre-lab Assignment

	Experiment #9: Emission Spectra of Hydrogen, Helium, and Mercury
	Procedure
	Data and Calculations

	Experiment #10: Geometrical Structure of Molecules and Ions using Molecular Models
	Partial VSEPR Table (look to your book or notes for expanded octets)
	Procedure
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table for the indicated species:
	Complete the following table (the central atom for each species has an expanded octet):

	Experiment #11: Molecular Weight of an Unknown Volatile Liquid
	Procedure
	Data and Calculations
	Questions (to be completed while in the laboratory)
	Post-lab Questions

	Experiment #12: Molar Volume of a Gas and Percentage of KClO3 in an Unknown Sample
	Procedure
	Data and Calculations
	Questions (to be completed while in the laboratory)
	Post-lab Questions

	Experiment #13: Classification of Chemical Substances
	IONIC SUBSTANCES
	MOLECULAR SUBSTANCES
	NETWORK-COVALENT SUBSTANCES
	METALLIC SUBSTANCES
	Procedure
	Data and Results

	Experiment #15: Identification and Characterization of Compounds X and Y
	Overview:
	PART I
	PART II
	PART III
	PART IV
	PART V
	PART VI
	Data for Part VI Standardization:
	Data for Part VI Titration of Compound X
	Data for Part VI Titration of Compound Y

	PART VII
	Data for Part VII

	PART VIII
	IR data for Compound X
	MS data for Compound X
	IR data for Compound Y
	MS data for Compound Y


	Workshop #1: Measurements & Conversions
	Workshop #2: Safety Data Sheet
	Workshop #3: Nomenclature
	Workshop #4: Reactions
	Workshop #5: Stoichiometry
	Workshop #6: Solution Stoichiometry
	Workshop #7: Gas Laws
	Workshop #8: Thermochemistry
	Workshop #9: The Atomic Spectrum of Hydrogen
	Emission and absorption spectra of hydrogen gave experimental evidence of quantized energy states for electrons within an atom. Niels Bohr tried to explain the observations with the first quantum theory in 1913.
	A. Energy Levels of Hydrogen
	B. Calculation of Wavelengths in the Spectrum of the Hydrogen Atom
	C. Assignment of Wavelengths
	D. The Balmer Series
	E. Energy Levels of Hydrogen Atom
	F. Hydrogen Line Spectra

	Workshop #10: Quantum Mechanics and Chemical Periodicity
	Workshop #11: Intermolecular Forces
	Workshop #12: Vapor Pressure
	Workshop #13: Colligative Properties
	Periodic Table of the Elements



