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differential_equations
2.E: The Classical Wave Equation (Exercises) 

diffraction
1.6: Matter Has Wavelike Properties 
31.3: The Spacing Between Lattice Planes Can Be

Determined from X-Ray Diffraction Measurements 
diffractiondata

31.4: The Total Scattering Intensity is Related to the
Periodic Structure of the Electron Density in the Crystal
diffusion

27: The Kinetic Theory of Gases 
27.6: Mean Free Path 

dihedral groups
12.2: Symmetry Elements and Operations Define the

Point Groups 
diode lasers

15.5: What is Inside a Laser? 
dipole moment

8.4: An Electron has an Intrinsic Spin Angular
Momentum 

12.13: Symmetry of Vibrations Describes their
Spectroscopic Behavior 

13.12: The Selection Rule for the Rigid Rotor 
34.3: Table 5. Some Units Commonly Used in

Quantum Chemistry 
dipole_moment

11.E: Computational Quantum Chemistry
(Exercises) 
Dirac

13.11: Time-Dependent Perturbation Theory 
direct_product

12.7: Characters of Irreducible Representations 
discrete distributions

32.2: Probability and Statistics 
discrete energy levels

3.5: The Energy of a Particle in a Box is Quantized 
discrete fourier transform

32.10: Fourier Analysis 
displacement

5.4: The Harmonic Oscillator Energy Levels 
dissociation

25.5: Electrolytes Solutions are Nonideal at Low
Concentrations 
dissociation energy

13.E: Molecular Spectroscopy (Exercises) 
dissociation_constant

25.7: Extending Debye-Hückel Theory to Higher
Concentrations 
distillation

24: Solutions I - Volatile Solutes 
24.1: A Mixture is a Combination of Two or More

Substances 
24.4: Ideal Solutions obey Raoult's Law 
24.6: Vapor Pressures of Volatile Binary Solutions 

distinguishable
17.7: Partition Functions of Indistinguishable

Molecules Must Avoid Over Counting States 
distinguishable particles

17.6: The Partition Function of Distinguishable,
Independent Molecules is the Product of the Molecular
Partition Functions 
distribution

17.3: The Average Ensemble Energy is Equal to the
Observed Energy of a System 

27.3: The Distribution of Molecular Speeds is Given
by the Maxwell-Boltzmann Distribution 

27.5: The Maxwell-Boltzmann Distribution Has
Been Verified Experimentally 

distributions
32: Math Chapters 

dotproduct
32.3: Vectors 

doublet
14.8: The n+1 Rule Applies Only to First-Order

Spectra 
DrConstantinosE

32.10.2: Fourier Synthesis of Periodic Waveforms 
dye lasers

15.5: What is Inside a Laser? 
dynamical variables

4.3: Observable Quantities Must Be Eigenvalues of
Quantum Mechanical Operators 
dynamics

2.5: A Vibrating Membrane 

E
education

InfoPage 
educational content

Front Matter 
educational initiatives

Front Matter 
effective collisions

27.7: Rates of Gas-Phase Chemical Reactions 
effective nuclear charge

7.1: The Variational Method Approximation 
7.3: Trial Functions Can Be Linear Combinations of

Functions That Also Contain Variational Parameters 
efficiency

20.7: Thermodynamics Provides Insight into the
Conversion of Heat into Work 
Efstathiou

32.10.2: Fourier Synthesis of Periodic Waveforms 
eigenenergies

3.5: The Energy of a Particle in a Box is Quantized 
eigenfunction

3.3: The Schrödinger Equation is an Eigenvalue
Problem 

4.E: Postulates and Principles of Quantum
Mechanics (Exercises) 
eigenfunctions

4.5: Eigenfunctions of Operators are Orthogonal 
eigenstates

3: The Schrödinger Equation and a Particle in a Box 
3.5: The Energy of a Particle in a Box is Quantized 
6.4: Hydrogen Atomic Orbitals Depend upon Three

Quantum Numbers 
7.4: Perturbation Theory Expresses the Solutions in

Terms of Solved Problems 
13.11: Time-Dependent Perturbation Theory 

eigenvalue
3.3: The Schrödinger Equation is an Eigenvalue

Problem 
eigenvalue equations

4.3: Observable Quantities Must Be Eigenvalues of
Quantum Mechanical Operators 
eigenvalues

4: Postulates and Principles of Quantum Mechanics 
7.2: Linear Variational Method and the Secular

Determinant 
14.7: Spin-Spin Coupling Between Chemically

Equivalent Protons is Not Observed 
32.6: Matrices 

eigenvectors
7.2: Linear Variational Method and the Secular

Determinant 
14.7: Spin-Spin Coupling Between Chemically

Equivalent Protons is Not Observed 
32.6: Matrices 

Einstein
1: The Dawn of the Quantum Theory 
33.1: Deriving Planck's Distribution Law 

Einstein coefficient
15.E: Lasers, Laser Spectroscopy, and

Photochemistry (Exercises) 
Einstein coefficients

15.2: The Dynamics of Transitions can be Modeled
by Rate Equations 
Einstein Solid Model

18.9: Molar Heat Capacities 
Einstein's theory

17.4: Heat Capacity at Constant Volume is the
Change in Internal Energy with Temperature 
electric dipole moment

13.14: Group Theory Determines Infrared Activity 
electric field

19.2: Pressure-Volume Work 
electrical work

19.8: Pressure-Volume Work 
electrochemistry

25.6: The Debye-Hückel Theory 
electrolyte_concentration

25.7: Extending Debye-Hückel Theory to Higher
Concentrations 
electrolytes

25: Solutions II - Nonvolatile Solutes 
electromagnetic radiation

1.1: Blackbody Radiation Cannot Be Explained
Classically 

1.8: The Bohr Theory of the Hydrogen Atom 
13: Molecular Spectroscopy 
13.1: The Electromagnetic Spectrum 
15.2: The Dynamics of Transitions can be Modeled

by Rate Equations 
electromagnetic waves

1.2: Quantum Hypothesis Used for Blackbody
Radiation Law 

1.3: Photoelectric Effect Explained with Quantum
Hypothesis 

1.6: Matter Has Wavelike Properties 
electromagnetism

34.2: Table 2. Characteristics of Electromagnetic
Radiation 
electron

6: The Hydrogen Atom 
6.1: The Schrodinger Equation for the Hydrogen

Atom Can Be Solved Exactly 
6.3: The Three Components of Angular Momentum

Cannot be Measured Simultaneously with Arbitrary
Precision 

6.6: Orbital Angular Momentum and the p-Orbitals 
8.4: An Electron has an Intrinsic Spin Angular

Momentum 
9.11: Photoelectron Spectra Support the Existence of

Molecular Orbitals 
14.1: Nuclei Have Intrinsic Spin Angular Momenta 
14.2: Magnetic Moments Interact with Magnetic

Fields 
14.3: Proton NMR Spectrometers Operate at

Frequencies Between 60 MHz and 750 MHz 
19.E: The First Law of Thermodynamics (Exercises)
25.8: Homework Problems 
26.13: Homework Problems 
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energy distance relationship
16.6: The Repulsive Term in the Lennard-Jones

Potential 
energy distribution

20.1: Energy Does not Determine Spontaneity 
energy exchanges

30.4: The Internal Energy of the Reactants Can
Affect the Cross Section of a Reaction 
energy flow

21: Entropy and the Third Law of Thermodynamics 
energy level diagram

13.E: Molecular Spectroscopy (Exercises) 
energy levels

1.8: The Bohr Theory of the Hydrogen Atom 
3.9: A Particle in a Three-Dimensional Box 
6.1: The Schrodinger Equation for the Hydrogen

Atom Can Be Solved Exactly 
6.4: Hydrogen Atomic Orbitals Depend upon Three

Quantum Numbers 
6.5: s-orbitals are Spherically Symmetric 
6.6: Orbital Angular Momentum and the p-Orbitals 
7.4: Perturbation Theory Expresses the Solutions in

Terms of Solved Problems 
8.11: Using Atomic Term Symbols to Interpret

Atomic Spectra 
9.5: Bonding and Antibonding Orbitals 
12.15: Molecular Orbitals can be Constructed on the

Basis of Symmetry 
13.5: Vibrational Overtones 
13.8: Rotational Spectra of Polyatomic Molecules 
14.7: Spin-Spin Coupling Between Chemically

Equivalent Protons is Not Observed 
14.E: Nuclear Magnetic Resonance Spectroscopy

(Exercises) 
15.4: Population Inversion can be Achieved in a

Three-Level System 
17.7: Partition Functions of Indistinguishable

Molecules Must Avoid Over Counting States 
18.4: Most Molecules are in the Ground Vibrational

State 
18.E: Partition Functions and Ideal Gases (Exercises)

energy minimization
8.2: Perturbation Theory and the Variational Method

for Helium 
20.2: Nonequilibrium Isolated Systems Evolve in a

Direction That Increases Their Energy Dispersal 
energy of adsorption

31.6: Atoms and Molecules can Physisorb or
Chemisorb to a Surface 
energy probing

15.7: Modern Applications of Laser Spectroscopy 
energy profile

28.7: Rate Constants Are Usually Strongly
Temperature Dependent 

30.10: The Potential-Energy Surface Can Be
Calculated Using Quantum Mechanics 
energy quantization

13: Molecular Spectroscopy 
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energy spacing
21.7: Standard Entropies Depend Upon Molecular
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energy states
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energy transfer

19.1: Overview of Classical Thermodynamics 
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energy_calculation
2.E: The Classical Wave Equation (Exercises) 
7.E: Approximation Methods (Exercises) 

energy_degrees_of_freedom
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Partition Functions of Each Degree of Freedom 
energy_distribution

20.8: Entropy Can Be Expressed in Terms of a
Partition Function 
energy_levels

13.6: Electronic Spectra Contain Electronic,
Vibrational, and Rotational Information 
EnergyConfiguration

8.10: Hund's Rules Determine the Term Symbols of
the Ground Electronic States 
energyDensity

33: Appendices 
energydetermination

7: Approximation Methods 
energyEigenstates

6: The Hydrogen Atom 
energylevels

3: The Schrödinger Equation and a Particle in a Box 
ensemble

17.3: The Average Ensemble Energy is Equal to the
Observed Energy of a System 

17.5: Pressure can be Expressed in Terms of the
Canonical Partition Function 
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Independent Molecules is the Product of the Molecular
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20.9: The Statistical Definition of Entropy is
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ensembles

17: Boltzmann Factor and Partition Functions 
entanglement
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enthalpy
19: The First Law of Thermodynamics 
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21.9: Standard Entropies Can Be Used to Calculate

Entropy Changes of Chemical Reactions 
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23: Phase Equilibria 
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26.7: The van 't Hoff Equation 
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19.12: Heats of Reactions Can Be Calculated from

Tabulated Heats of Formation 
enthalpy of adsorption

31.7: Isotherms are Plots of Surface Coverage as a
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enthalpy of reaction

26.2: An Equilibrium Constant is a Function of
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matrix notation
7.2: Linear Variational Method and the Secular

Determinant 
matrix operations

32.6: Matrices 
matrix representation

12.4: Symmetry Operations as Matrices 
12.6: Character Tables Summarize the Properties of a

Point Group 
maxwell

27.3: The Distribution of Molecular Speeds is Given
by the Maxwell-Boltzmann Distribution 
Maxwell relations

22: Helmholtz and Gibbs Energies 
22.3: The Maxwell Relations 

MaxwellBoltzmann
27: The Kinetic Theory of Gases 
27.5: The Maxwell-Boltzmann Distribution Has

Been Verified Experimentally 
McQuarrie

12.E: Group Theory - The Exploitation of Symmetry
(Exercises) 
mean free path

27.6: Mean Free Path 
mean ionic activity

25.5: Electrolytes Solutions are Nonideal at Low
Concentrations 
mean_activity_coefficient

25.7: Extending Debye-Hückel Theory to Higher
Concentrations 
meanfreepath

27: The Kinetic Theory of Gases 
measurement

6.3: The Three Components of Angular Momentum
Cannot be Measured Simultaneously with Arbitrary
Precision 

9.11: Photoelectron Spectra Support the Existence of
Molecular Orbitals 

14.2: Magnetic Moments Interact with Magnetic
Fields 

14.3: Proton NMR Spectrometers Operate at
Frequencies Between 60 MHz and 750 MHz 

19.9: Heat Capacity is a Path Function 
19.E: The First Law of Thermodynamics (Exercises)
25.8: Homework Problems 

measurements
3.7: The Average Momentum of a Particle in a Box

is Zero 
4.6: Commuting Operators Allow Infinite Precision 

mechanics
3.8: The Uncertainty Principle - Estimating

Uncertainties from Wavefunctions 
8.5: Wavefunctions must be Antisymmetric to

Interchange of any Two Electrons 
mechanism

29.1: A Mechanism is a Sequence of Elementary
Reactions 
mechanisms

29.3: Multiple Mechanisms are often
Indistinguishable 
MedicalImaging

14: Nuclear Magnetic Resonance Spectroscopy 
melting

21.3: The Entropy of a Phase Transition can be
Calculated from the Enthalpy of the Phase Transition 
melting point

19.10: Relative Enthalpies Can Be Determined from
Heat Capacity Data and Heats of Transition 

26.11: Thermodynamic Equilibrium Constants Are
Expressed in Terms of Activities 

meltingPoint
26.7: The van 't Hoff Equation 

membrane materials
25.4: Osmotic Pressure can Determine Molecular

Masses 
methane

21.9: Standard Entropies Can Be Used to Calculate
Entropy Changes of Chemical Reactions 

26.9: Molecular Partition Functions and Related
Thermodynamic Data Are Extensively Tabulated 
micron

34.3: Table 5. Some Units Commonly Used in
Quantum Chemistry 
microscopic reversibility

29.2: The Principle of Detailed Balance 
microscopicmotion

17: Boltzmann Factor and Partition Functions 
microscopies

31.9: The Structure of a Surface is Different from
that of a Bulk Solid 
microstates

8.8: Term Symbols Gives a Detailed Description of
an Electron Configuration 

17.2: The Boltzmann Distribution represents a
Thermally Equilibrated Distribution 

20: Entropy and The Second Law of
Thermodynamics 

20.2: Nonequilibrium Isolated Systems Evolve in a
Direction That Increases Their Energy Dispersal 

20.5: The Famous Equation of Statistical
Thermodynamics is S=k ln W 

20.9: The Statistical Definition of Entropy is
Analogous to the Thermodynamic Definition 

21: Entropy and the Third Law of Thermodynamics 
21.7: Standard Entropies Depend Upon Molecular

Mass and Structure 
microwave

34.1: Table 1 Regions of the Electromagnetic
Spectrum 
microwave spectroscopy

5.9: The Rigid Rotator is a Model for a Rotating
Diatomic Molecule 

13.12: The Selection Rule for the Rigid Rotor 
microwave_absorption

13.6: Electronic Spectra Contain Electronic,
Vibrational, and Rotational Information 
Miller Indices

31: Solids and Surface Chemistry 
millerindices

31.2: The Orientation of a Lattice Plane is Described
by its Miller Indices 
minimal basis set

11.4: Orbital Polarization Terms in Basis Sets 
mixing

24.9: Gibbs Energy of Mixing of Binary Solutions in
Terms of the Activity Coefficient 
mixture

24: Solutions I - Volatile Solutes 
24.8: Activities are Calculated with Respect to

Standard States 
mixtures

24.1: A Mixture is a Combination of Two or More
Substances 
model

3.E: The Schrödinger Equation and a Particle in a
Box (Exercises) 

30.3: The Rate Constant for a Gas-Phase Chemical
Reaction May Depend on the Orientations of the
Colliding Molecules 
modulus

32.3: Vectors 

molality
25.3: Colligative Properties Depend only on Number

Density 
25.5: Electrolytes Solutions are Nonideal at Low

Concentrations 
molar entropy

21.2: The 3rd Law of Thermodynamics Puts Entropy
on an Absolute Scale 

21.7: Standard Entropies Depend Upon Molecular
Mass and Structure 
molar volume

16.3: A Cubic Equation of State 
24.3: Chemical Potential of Each Component Has

the Same Value in Each Phase in Which the Component
Appears 

32.8: Partial Differentiation 
molar_reaction_Gibbs_energy

26.3: Standard Gibbs Energies of Formation Can Be
Used to Calculate Equilibrium Constants 
molarity

26.2: An Equilibrium Constant is a Function of
Temperature Only 
mole fraction

24.5: Most Solutions are Not Ideal 
25.3: Colligative Properties Depend only on Number

Density 
molecular

9.12: Molecular-Orbital Theory Also Applies to
Heteronuclear Diatomic Molecules 

9.14: Molecular Term Symbols Describe Electronic
States of Molecules 

12: Group Theory - The Exploitation of Symmetry 
molecular approach

17.E: Boltzmann Factor and Partition Functions
(Exercises) 
molecular beam experiments

30.8: The Velocity and Angular Distribution of the
Products of a Reactive Collision 
molecular bonding

18.9: Molar Heat Capacities 
Back Matter 

molecular bonds
13.5: Vibrational Overtones 

molecular collisions
27.7: Rates of Gas-Phase Chemical Reactions 
28.7: Rate Constants Are Usually Strongly

Temperature Dependent 
30: Gas-Phase Reaction Dynamics 
30.6: Reactive Collisions Can be Studied Using

Crossed Molecular Beam Machines 
molecular data

18.4: Most Molecules are in the Ground Vibrational
State 
molecular degrees of freedom

12.12: Normal Modes of Vibrations Describe how
Molecules Vibrate 
molecular dynamics

27.2: The Gaussian Distribution of One Component
of the Molecular Velocity 
molecular energy

13.E: Molecular Spectroscopy (Exercises) 
molecular geometry

10.2: Hybrid Orbitals in Water 
30.10: The Potential-Energy Surface Can Be

Calculated Using Quantum Mechanics 
molecular interaction

16.6: The Repulsive Term in the Lennard-Jones
Potential 
molecular level

20.1: Energy Does not Determine Spontaneity 
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scattering
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Schrödinger
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scientific method
29.4: The Steady-State Approximation 
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a Number of Processes 
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11.2: Gaussian Basis Sets 
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8.6: Antisymmetric Wavefunctions can be
Represented by Slater Determinants 
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8.11: Using Atomic Term Symbols to Interpret
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18.E: Partition Functions and Ideal Gases (Exercises)
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17.4: Heat Capacity at Constant Volume is the
Change in Internal Energy with Temperature 

24.1: A Mixture is a Combination of Two or More
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26.1: Equilibrium Results when Gibbs Energy is
Minimized 
solubility products

26.12: Activities are Important for Ionic Species 
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24.5: Most Solutions are Not Ideal 
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25.3: Colligative Properties Depend only on Number
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6.E: The Hydrogen Atom (Exercises) 
24.3: Chemical Potential of Each Component Has

the Same Value in Each Phase in Which the Component
Appears 
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25.2: The Activities of Nonvolatile Solutes 
25.3: Colligative Properties Depend only on Number

Density 
26.1: Equilibrium Results when Gibbs Energy is

Minimized 
solvent

24.5: Most Solutions are Not Ideal 
25.3: Colligative Properties Depend only on Number

Density 
solvent migration

25.4: Osmotic Pressure can Determine Molecular
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solving_equations

32.1: Complex Numbers 
sp hybridization

10: Bonding in Polyatomic Molecules 
sp2 hybridization

10.5: The pi-Electron Approximation of Conjugation
specific heat

19.1: Overview of Classical Thermodynamics 
specific heat capacity

18.9: Molar Heat Capacities 
specificity

29.9: The Michaelis-Menten Mechanism for Enzyme
Catalysis 

spectra
13.5: Vibrational Overtones 
17.1: The Boltzmann Factor is used to Approximate
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spectral analysis

10.5: The pi-Electron Approximation of Conjugation
13.2: Rotations Accompany Vibrational Transitions 
14.8: The n+1 Rule Applies Only to First-Order
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1.2: Quantum Hypothesis Used for Blackbody
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spectral transitions
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28.2: Rate Laws Must Be Determined

Experimentally 
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spectroscopies
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that of a Bulk Solid 
spectroscopy

1.3: Photoelectric Effect Explained with Quantum
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8.4: An Electron has an Intrinsic Spin Angular
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13: Molecular Spectroscopy 
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15.7: Modern Applications of Laser Spectroscopy 
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speed distribution
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5.8: The Energy Levels of a Rigid Rotor 
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6.2: The Wavefunctions of a Rigid Rotator are
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spin
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SpinSpinCoupling
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20: Entropy and The Second Law of
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20.4: The Second Law of Thermodynamics 
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spontaneous emission
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spontaneous processes
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square matrix
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stability

8.10: Hund's Rules Determine the Term Symbols of
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19.12: Heats of Reactions Can Be Calculated from
Tabulated Heats of Formation 
standard entropies

21.9: Standard Entropies Can Be Used to Calculate
Entropy Changes of Chemical Reactions 
standard potentials

26: Chemical Equilibrium 
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