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The structure of physical chemistry
(@ The organization of science
(b) The organization of our presentation

Applications of physical chemistry to biology and medicine
(@) Techniques for the study of biological systems
) Protein folding
(c) Rational drug design
) Biological energy conversion

Fundamentals

F.1 Atoms, ions, and molecules
(@) Bonding and nonbonding interactions
(b) Structural and functional units
(c) Levels of structure

F.2 Bulk matter
(a) States of matter
(b) Physical state
(c) Equations of state

F.3 Energy
(@) Varieties of energy
(b) The Boltzmann distribution
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PARTI Biochemical thermodynamics

1 The First Law

The conservation of energy
1.1 Systems and surroundings
1.2 Workand heat
(@) Exothermic and endothermic processes
(b) The molecular interpretation of work and heat
(c) The molecular interpretation of temperature
Case study 1.1 Energy conversion in organisms
1.3 The measurement of work
(@) Sign conventions

(b) Expansion work
() Maximum work
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1.4 The measurement of heat
(a) Heat capacity
(b) The molecular interpretation of heat capacity
Internal energy and enthalpy
1.5 The internal energy

(@) Changes in internal energy

Example 1.1 Calculating the change in internal energy
(b) The internal energy as a state function
(c) The First Law of thermodynamics
1.6 The enthalpy
(@) The definition of enthalpy
(b) Changes in enthalpy
(c) The temperature dependence of the enthalpy
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Example 1.2 Calibrating a calorimeter and measuring
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(c) Differential scanning calorimeters
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(@) Phase transitions
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1.8 Bond enthalpy
Example 1.3 Using mean bond enthalpies
1.9 Thermochemical properties of fuels
Case study 1.2 Biological fuels
1.10 The combination of reaction enthalpies
Example 1.4 Using Hess's law

1.11 Standard enthalpies of formation

Example 1.5 Using standard enthalpies of formation

1.12 Enthalpies of formation and computational chemistry

1.13 The variation of reaction enthalpy with temperature
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2 The Second Law

Entropy

2.1 The direction of spontaneous change

2.2 Entropy and the Second Law
(@) The definition of entropy
(b) The entropy change accompanying heating
(c) The entropy change accompanying a phase transition
(d) Entropy changes in the surroundings

2.3 Absolute entropies and the Third Law of thermodynamics

In the laboratory 2.1 The measurement of entropies
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(a) Standard reaction entropies

(b) The spontaneity of chemical reactions

The Gibbs energy
2.6 Focusing on the system
(a) The definition ofthe Gibbs energy
(b) Spontaneity and the Gibbs energy

Case study 2.1 Life and the Second Law

2.7 The hydrophobic interaction
2.8 Work and the Gibbs energy change

Example 2.1 Estimating a change in Gibbs energy for
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Case study 2.2 The action of adenosine triphosphate
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3.4 Phase diagrams
(@) Phase boundaries
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(c) Characteristic points
(d) The phase diagram of water

Phase transitions in biopolymers and aggregates
3.5 The stability of nucleic acids and proteins

Example 3.1 Predicting the melting temperature of DNA
3.6 Phase transitions of biological membranes

Case study 3.1 The use of phase diagrams in the study
of proteins

The thermodynamic description of mixtures
3.7 The chemical potential
3.8 Ideal and ideal-dilute solutions
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(@) The chemical potential of a gas
(b) The chemical potential of a solvent
(c) The chemical potential of a solute

Example 3.2 Determining whether a natural water can
support aquatic life
Case study 3.2 Gas solubility and breathing

(d) Real solutions: activities

Case study 3.3 The Donnan equilibrium

Example 3.3 Analyzing a Donnan equilibrium
() The thermodynamics of dissolving
Colligative properties

3.9 The modification of boiling and freezing points
3.10 Osmosis

In the laboratory 3.1 Osmometry

Example 3.4 Determining the molar mass of an enzyme from
measurements of the osmotic pressure
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4 Chemical equilibrium

Thermodynamic background
4.1 The reaction Gibbs energy
4.2 The variation of ArG with composition
(@) The reaction quotient
Example 4.1 Formulating a reaction quotient
(b) Biological standard states
Example 4.2 Converting between thermodynamic and
biological standard states
4.3 Reactions at equilibrium
(@) The significance of the equilibrium constant
(b) The composition at equilibrium
Example 4.3 Calculating an equilibrium composition

(c) The molecular origin of chemical equilibrium

Case study 4.1 Binding of oxygen to myoglobin and
hemoglobin
4.4 The standard reaction Gibbs energy
Example 4.4 Calculating the standard reaction Gibbs energy
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(a) Standard Gibbs energies of formation

(b) Stability and instability
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4.6 The effect of temperature
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Case study 4.3 The oxidation of glucose

Proton transfer equilibria
4.7 Bronsted-Lowry theory
4.8 Protonation and deprotonation
(@) The strengths of acids and bases
(b) The pH of a solution of a weak acid
Example 4.5 Estimating the pH of a solution of a weak acid

(c) The pH of a solution of a weak base

Example 4.6 Estimating the pH of a solution of a weak base

(d) The extent of protonation and deprotonation
(e) The pH of solutions of salts
4.9 Polyprotic acids

Example 4.7 Calculating the concentration of carbonate

ion in carbonic acid *

Case study 4.4 The fractional composition of a solution
of lysine
4.10 Amphiprotic systems
(@) The fractional composition of amino acid solutions
(b) The pH of solutions of amphiprotic anions

411 Buffer solutions

Example 4.8 Assessing buffer action
Case study 4.5 Buffer action in blood
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Further information 4.1 The contribution of autoprotolysis to pH
Further information 4.2 The pH of an amphiprotic salt solution
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5 Thermodynamics of ion and electron transport

Transport of ions across biological membranes
5.1 lons in solution
(a) Activity coefficients
(b) Debye-Hiickel theory
5.2 Passive and active transport of ions across biological
membranes

Example 5.1 Estimating a membrane potential

5.3 lon channels and ion pumps

Case study 5.1 Action potentials

Redox reactions
5.4 Half-reactions

Example 5.2 Expressing a reaction in terms of half-reactions

Example 5.3 Writing the reaction quotient for a half-reaction

5.5 Reactions in electrochemical cells
(a) Galvanic and electrolytic cells
(b) Varieties of electrodes
(c) Electrochemical cell notation
5.6
5.7

The Nernst equation

Standard potentials

(@) Thermodynamic standard potentials
(b) Variation of potential with pH

(c) The biological standard potential
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Example 5.4 Converting a standard potential to a biological
standard value

In the laboratory 5.1 lon-selective electrodes

Applications of standard potentials
5.8 The determination of thermodynamic functions
(a) Calculation of the equilibrium constant

Example 5.5 Calculating the equilibrium constant of
a biological electron transfer reaction

(b) Calculation of standard potentials

Example 5.6 Calculating a standard potential
from two other standard potentials
(c) Calculation of the standard reaction entropy
and enthalpy
5.9 The electrochemical series

Electron transfer in bioenergetics
5.10 The respiratory chain
(@) Electron transfer reactions
(b) Oxidative phosphorylation

5.11 Plant photosynthesis
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PART 2 The kinetics of life processes

6 The rates of reactions
Reaction rates
In the laboratory 6.1 Experimental techniques

(@) The determination of concentration
(b) Monitoring the time dependence
6.1 The definition of reaction rate

6.2 Rate laws and rate constants
6.3 Reaction order
6.4 The determination of the rate law

(@) Isolation and pseudo-order reactions
(b) The method of initial rates

Example 6.1 Using the method of initial rates

6.5 Integrated rate laws
(a) Zeroth-order reactions
(b) First-order reactions

(c) Second-order reactions
Case study 6.1 Pharmacokinetics

The temperature dependence of reaction rates
6.6 The Arrhenius equation
Example 6.2 Determining the Arrhenius parameters
6.7 Preliminary interpretation of the Arrhenius parameters
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7 Accounting for the rate laws

Reaction mechanisms
7.1 The approach to equilibrium

(@) The relation between equilibrium constants and
rate constants

(b) The time-dependence of the approach to equilibrium
In the laboratory 7.1 Relaxation techniques in biochemistry
7.2 Elementary reactions
7.3 Consecutive reactions
(@ The variation of concentration with time

(b) The rate-determining step
Example 7.1 Identifying a rate-determining step
(c) The steady-state approximation
(d) Pre-equilibria
Case study 7.1 Mechanisms of protein folding and unfolding

7.4 Diffusion control
7.5 Kinetic and thermodynamic control

Reaction dynamics
7.6 Collision theory
7.7 Transition state theory
(@) Formulation of the theory
(b) Thermodynamic parameterization

In the laboratory 7.2 Time-resolved spectroscopy for kinetics
7.8 The kinetic salt effect
Example 7.2 Analyzing the kinetic salt effect
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Checklist of key equations

Further information 7.1 Collisions in the gas phase
(@) The kinetic model of gases
(b) The Maxwell distribution of speeds
(c) Molecular collisions

Discussion questions

Exercises
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8 Complex biochemical processes

Enzymes
8.1 The Michaelis-Menten mechanism of enzyme catalysis
Example 8.1 Analyzing a Lineweaver-Burk plot
8.2 The analysis of complex mechanisms
(a) Sequential reactions
(b) Ping-pong reactions
8.3 The catalytic efficiency of enzymes
8.4 Enzyme inhibition

Example 8.2 Distinguishing between types of inhibition

Case study 8.1 The molecular basis of catalysis by
hydrolytic enzymes
Transport across biological membranes

8.5 Molecular motion in liquids

8.6 Molecular motion across membranes

8.7 The mobility of ions

In the laboratory 8.1 Electrophoresis
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8.10 The theory of electron transfer processes
8.11 Experimental tests of the theory
8.12 The Marcus cross-relation

Example 8.4 Using the Marcus cross-relation

Checklist of key concepts

Checklist of key equations

Further information 8.1 Fick's laws of diffusion
1. Ficks first law of diffusion

2. Fick's second law
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PART 3 Biomolecular structure

9 Microscopic systems and quantization

Principles of quantum theory
9.1 The emergence of the quantum theory
(@) Atomic and molecular spectra
(b) Wave-particle duality

Example 9.1 Estimating the de Broglie wavelength of electrons

In the laboratory 9.1 Electron microscopy
9.2 The Schrédinger equation
(@) The formulation of the equation
(b) The interpretation of the wavefunction
Example 9.2 Interpreting a wavefunction

9.3 The uncertainty principle
Example 9.3 Using the uncertainty principle

Applications of quantum theory
9.4 Translation
(a) Motion in one dimension
Case study 9.1 The electronic structure of p-carotene
(b) Tunneling
In the laboratory 9.2 Scanning probe microscopy
(c) Motion in two dimensions
9.5 Rotation
(@) Aparticle on aring
Case study 9.2 The electronic structure of phenylalanine

(b) A particle on a sphere
9.6 Vibration

Case study 9.3 The vibration of the N-H bond of
the peptide link

Hydrogenic atoms
9.7 The permitted energy levels of hydrogenic atoms
9.8 Atomic orbitals
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(@) Shells and subshells

(b) The shapes of s orbitals
(c) The shapes of p orbitals
(d) The shapes of d orbitals

The structures of many-electron atoms
9.9 The orbital approximation and the Pauli exclusion principle
9.10 Penetration and shielding
9.11 The building-up principle
(@ Neutral atoms
(b) Cations and anions
9.12 Three important atomic properties
(@) Atomic and ionic radii
(b) lonization energy
(c) Electron affinity

Case study 9.4 The biological role of Zn2+
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Further information 9.1 A justification of the Schrédinger
equation

Further information 9.2 The separation of variables procedure
Further information 9.3 The Pauli principle
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10 The chemical bond

Valence bond theory

10.1 Diatomic molecules
(@) Formulation of the VB wavefunction
(b) The energy of interaction
(c) aand nbonds

10.2 Polyatomic molecules

(@) Promotion
(b) Hybridization

Example 10.1 Bonding in the peptide group

(c) Resonance
(d) The language of valence bonding

Molecular orbital theory
10.3 Linear combinations of atomic orbitals
(a) Bonding orbitals
(b) Antibonding orbitals
(c) Inversion symmetry
10.4 Homonuclear diatomic molecules

(@) Criteria for the formation of molecular orbitals

Example 10.2 Assessing the contribution of d orbitals
(b) The hydrogen molecule
(c) Many-electron homonuclear diatomic molecules
(d) Bond order

Case study 10.1 The biochemical reactivity of 02 and N2

10.5 Heteronuclear diatomic molecules
(a) Polarity and electronegativity
(b) Molecular orbitals in heteronuclear species

Case study 10.2 The biochemistry of NO

10.6 The structures of polyatomic molecules
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10.7 Huckel theory
(@) Ethene
(b) Benzene

Case study 10.3 The unique role of carbon in biochemistry

10.8 d-Metal complexes

(@) Crystal field theory

Example 10.3 Low- and high-spin complexes of Fe(ll)
in hemoglobin

(b) Ligand-field theory: a bonding

(c) Ligand-field theory: k bonding

Case study 10.4 Ligand-field theory and the binding of O2
to hemoglobin

Computational biochemistry
10.9 Computational techniques
(a) Semi-empirical methods
(b) Density functional theory
(c) Ab initio methods
10.10
10.11

Graphical output

The prediction of molecular properties
(@) Electrochemical properties

(b) Spectroscopic properties

(c) Chemical reactivity
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11 Macromolecules and self-assembly

Determination of size and shape
11.1  Ultracentrifugation
(@) The sedimentation rate

(b) Sedimentation equilibrium
Example 11.1 The molar mass of a protein from
ultracentrifugation experiments

11.2 Mass spectrometry
11.3 Laser light scattering
(a) Rayleigh scattering
Example 11.2 Determining the molar mass and size of
a protein by laser light scattering
(b) Dynamic light scattering
11.4 X-ray crystallography
(a) Diffraction
(b) Crystal systems
(c) Crystal planes
Example 11.3 Using the Miller indices
(d) Bragg's law
Example 11.4 Using Bragg's law
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Example 11.5 Calculating an electron density by Fourier
synthesis

In the laboratory 11.1 The crystallization of biopolymers
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In the laboratory 11.2 Data acquisition in X-ray crystallography

Case study 11.1 The structure of DNA from X-ray diffraction
studies

The control of shape
11.5 Interactions between partial charges
11.6 Electric dipole moments

Example 11.6 Calculating the dipole moment of
the peptide group
11.7 Interactions between dipoles
11.8 Induced dipole moments
(@) Dipole-induced-dipole interactions
(b) Dispersion interactions
11.9 Hydrogen bonding
11.10 The total interaction
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12.1 The intensities of spectroscopic transitions:
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(@) The Beer-Lambert law

Example 12.1 The molar absorption coefficient of tryptophan

(b) The determination of concentration
12.2 The intensities of transitions: theoretical aspects
(@) The transition dipole moment
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13 Magnetic resonance
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13.1 Electrons and nuclei in magnetic fields
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The information in EPR spectra
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13.11 Hyperfine structure

Example 13.3 Predicting the hyperfine structure of an
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