
1

CHAPTER OVERVIEW

1: Thermodynamics
1.1: Thermodynamic Variables and Equations of State
1.2: The First Law of Thermodynamics
1.3: Extended Explanations- The First Law of Thermodynamics

1.3.1: Overview of Classical Thermodynamics
1.3.2: Pressure-Volume Work
1.3.3: Work and Heat are not State Functions
1.3.4: Energy is a State Function
1.3.5: An Adiabatic Process is a Process in which No Energy as Heat is Transferred
1.3.6: The Temperature of a Gas Decreases in a Reversible Adiabatic Expansion
1.3.7: Work and Heat Have a Simple Molecular Interpretation
1.3.8: Pressure-Volume Work
1.3.9: Heat Capacity is a Path Function
1.3.10: Relative Enthalpies Can Be Determined from Heat Capacity Data and Heats of Transition
1.3.11: Enthalpy Changes for Chemical Equations are Additive
1.3.12: Heats of Reactions Can Be Calculated from Tabulated Heats of Formation
1.3.13: The Temperature Dependence of ΔH
1.3.14: Enthalpy is a State Function
1.3.E: The First Law of Thermodynamics (Exercises)

1.4: Thermochemistry
1.5: The Second Law of Thermodynamics
1.6: The Boltzmann Distribution and the Statistical Definition of Entropy
1.7: The Gibbs and Helmholtz Energy
1.8: Extended Explanations - Helmholtz and Gibbs Energies

1.8.1: Helmholtz Energy
1.8.2: Gibbs Energy Determines the Direction of Spontaneity at Constant Pressure and Temperature
1.8.3: The Maxwell Relations
1.8.4: The Enthalpy of an Ideal Gas is Independent of Pressure
1.8.5: Thermodynamic Functions have Natural Variables
1.8.6: The Standard State for a Gas is an Ideal Gas at 1 Bar
1.8.7: The Gibbs-Helmholtz Equation
1.8.8: Fugacity Measures Nonideality of a Gas
1.8.E: Helmholtz and Gibbs Energies (Exercises)

1.9: Phase Equilibria and Mixtures
1.10: Extended Explanations - Phase Equilibria

1.10.1: Phase Diagrams
1.10.2: A Phase Diagram Summarizes the Solid-Liquid-Gas Behavior of a Substance
1.10.3: Gibbs Energies and Phase Diagrams
1.10.4: The Chemical Potentials of a Pure Substance in Two Phases in Equilibrium
1.10.5: The Clausius-Clapeyron Equation
1.10.6: Chemical Potential Can be Evaluated From a Partition Function
1.10.E: Phase Equilibria (Exercises)

1.11: Colligative Properties

https://libretexts.org/
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.01%3A_Thermodynamic_Variables_and_Equations_of_State
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.02%3A_The_First_Law_of_Thermodynamics
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.01%3A_Overview_of_Classical_Thermodynamics
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.02%3A_Pressure-Volume_Work
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.03%3A_Work_and_Heat_are_not_State_Functions
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.04%3A_Energy_is_a_State_Function
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.05%3A_An_Adiabatic_Process_is_a_Process_in_which_No_Energy_as_Heat_is_Transferred
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.06%3A_The_Temperature_of_a_Gas_Decreases_in_a_Reversible_Adiabatic_Expansion
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.07%3A_Work_and_Heat_Have_a_Simple_Molecular_Interpretation
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.08%3A_Pressure-Volume_Work
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.09%3A_Heat_Capacity_is_a_Path_Function
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.10%3A_Relative_Enthalpies_Can_Be_Determined_from_Heat_Capacity_Data_and_Heats_of_Transition
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.11%3A_Enthalpy_Changes_for_Chemical_Equations_are_Additive
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.12%3A_Heats_of_Reactions_Can_Be_Calculated_from_Tabulated_Heats_of_Formation
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.13%3A_The_Temperature_Dependence_of_H
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.14%3A_Enthalpy_is_a_State_Function
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.03%3A_Extended_Explanations-_The_First_Law_of_Thermodynamics/1.3.E%3A_The_First_Law_of_Thermodynamics_(Exercises)
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.04%3A_Thermochemistry
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.05%3A_The_Second_Law_of_Thermodynamics
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.06%3A_The_Boltzmann_Distribution_and_the_Statistical_Definition_of_Entropy
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.07%3A_The_Gibbs_and_Helmholtz_Energy
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.01%3A_Helmholtz_Energy
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.02%3A_Gibbs_Energy_Determines_the_Direction_of_Spontaneity_at_Constant_Pressure_and_Temperature
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.03%3A_The_Maxwell_Relations
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.04%3A_The_Enthalpy_of_an_Ideal_Gas_is_Independent_of_Pressure
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.05%3A_Thermodynamic_Functions_have_Natural_Variables
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.06%3A_The_Standard_State_for_a_Gas_is_an_Ideal_Gas_at_1_Bar
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.07%3A_The_Gibbs-Helmholtz_Equation
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.08%3A_Fugacity_Measures_Nonideality_of_a_Gas
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.08%3A_Extended_Explanations_-_Helmholtz_and_Gibbs_Energies/1.8.E%3A_Helmholtz_and_Gibbs_Energies_(Exercises)
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.09%3A_Phase_Equilibria_and_Mixtures
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.01%3A_Phase_Diagrams
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.02%3A_A_Phase_Diagram_Summarizes_the_Solid-Liquid-Gas_Behavior_of_a_Substance
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.03%3A_Gibbs_Energies_and_Phase_Diagrams
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.04%3A_The_Chemical_Potentials_of_a_Pure_Substance_in_Two_Phases_in_Equilibrium
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.05%3A_The_Clausius-Clapeyron_Equation
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.06%3A_Chemical_Potential_Can_be_Evaluated_From_a_Partition_Function
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.10%3A_Extended_Explanations_-_Phase_Equilibria/1.10.E%3A_Phase_Equilibria_(Exercises)
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.11%3A_Colligative_Properties


2

1.12: Osmotic Pressure can Determine Molecular Masses

1: Thermodynamics is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

https://libretexts.org/
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics/1.12%3A_Osmotic_Pressure_can_Determine_Molecular_Masses
https://chem.libretexts.org/Courses/University_of_Wisconsin_Oshkosh/Chem_370%3A_Physical_Chemistry_1_-_Thermodynamics_(Gutow)/01%3A_Thermodynamics
https://creativecommons.org/licenses/by-nc-sa/4.0

