Physico-Chemical Basis for Bioengineering

Instructor: Ravi Radhakrishnan, Bioengineering
*** Note: If you are in section 2, this info sheet does not apply to you. FYI, section 2 meets at Lec: Towne 321, Rec: Towne 313; contact Dan Hammer at hammer@seas.upenn.edu for more details on section 2******
BE 324- Section I Only
Fall 2008
Lectures T, R  9.00 AM to 10.30 AM
Recitation W 1 PM to 2 PM

Location: Class Lectures at Towne 315, Recitation at Moore 216
Pre-requisite: Physics 150,151, Math 240, Chemistry 101, 102.

Course Textbook Molecular Driving Forces
                              K. A. Dill and S. Bromberg

                              Taylor and Francis publications

  

      ISBN: 0-8153-2051-5

                              Paperback edition

Course text is required
Reference textbooks (not required)
1. Biological Physics
Energy, Information, Life
Philip Nelson
ISBN:  0-7167-4372-8
2. Physical Chemistry for the Biosciences

Raymond Chang

ISBN 1-891389-33-5
3. Quantum Theory (Paperback)

David Bohm

ISBN: 0486659690

Dover Publications
Course description: This course aims to provide theoretical and conceptual principles underlying biomolecular and biological systems. The course will start with basic and advanced concepts in physical chemistry and thermodynamics and introduce statistical mechanics as a tool to understand molecular interactions. The applications will be of relevance to bioengineering and biology disciplines. The course will not shy away from mathematical formulations and will stress the molecular perspective.

There will be weekly recitations which are an integral part of this course. Recitation will comprise of biweekly illustrations of problems and concepts (worked out by a Teaching Assistant) and biweekly quizzes conducted by the TA and graders. These will contribute to a significant fraction of the overall evaluation.

D&B= Dill and Bromberg, this is a required text

Bohm, Chang, Nelson, and lecture notes will serve as reference and supplementary material. These will all be given to you electronically (through Black Board)
Course Outline (Subject to change):
Topic 1 Generality of Thermodynamics

P 105-107, 122-127 D&B (preview of things to come)
I law, Second Law of Thermodynamics
Topic 2 Classical Thermodynamics Formulations
Ch 3: P37-43 D&B; Ch7 D&B (omit examples 7.1, 7.4, 7.9)

Macroscopic definitions of work, heat, systems and boundary conditions, fundamental equations and definitions of state functions, criteria for equilibrium

Application: Stretching of the Extracellular Matrix Protein (Fibronectin)

Topic 3 Free Energy
Ch 8 D&B (omit examples 8.1, 8.2, 8.9)

Legendre Transformations, Independent Variables, Gibbs-Duhem Equation

Maxwell’s Relations
Ch 9 D&B
Topic 4 Statistical Mechanics as a Probabilistic Formulation
Ch 1 D&B

Probability, independent and correlated events, multiplicity, discrete and continuous distributions, averages, higher moments, standard distributions.

Topic 5 Extremum Principles Predict Equilibria
Ch 2 D&B, Ch 3 D&B: p44-46
Equilibrium, multiplicity, extremum in multiplicity, microscopic definitions of work and heat.
Topic 6 Entropy Statistically Defined
Ch 6 D&B

Multiplicity and entropy, constraints and distributions
Topic 7 Applications of Statistical Concepts to Equilibrium Thermodynamics
Examples 7.1, 7.4, 8.1 D&B

Ideal gas law, equality of pressures, dimerization
Topic 8 Boltzmann Distribution Law
Ch 10 D&B
From microstates and probabilities to partition functions to thermodynamics properties
Topic 9 Introduction to Quantum Mechanics
Reading from Bohm

Particle-wave duality, derivation of the wave (Schrodinger) equation, correspondence principle, probabilistic picture

Topic 10 Classical Limit of Quantum Theory
Reading from Bohm
Earnfest theorem and Newtons equations, Heisenberg’s uncertainty principle.
Topic 11 Statistical Mechanics of Simple Gases and Solids- Part I
Ch 11 D&B

Ideal gas of monoatomic and  diatomic molecules
Topic 12 Statistical Mechanics of Simple Gases and Solids- Part II
Ch 11 D&B
Polyatomic molecules, the crystalline state.
Topic 13 Specific Heat: Microscopic definition
Ch 12 D&B

Density of states, fluctuations

Topic 14 Probabilities of Complex Molecules’ States
Lecture Notes
Beyond ideal gas and solids: Extension of statistical concepts to biological macromolecules.

Topic 15 Intermolecular Forces
Ch 24 D&B (Ch 20 and Ch 21 are assumed to be pre-requisites) 
Intermolecular forces of interaction, electrostatic, van der waals, bonded interactions, real fluids and vander waals equation of state, partition function of real fluids.

Topic 16 Physico-Chemical Equilibrium
Ch 14 D&B (omit refrigerators and heat pumps)

Lattice model of liquid, chemical potential, vapor liquid equilibrium, Clausius-Clapeyron equation 

Topic 17 Thermodynamics of Solutions Part I: ideal solutions
Ch 15 D&B

Lattice model of solutions, Raoult’s Law

Topic 18 Thermodynamics of Solutions Part II: regular solutions
Ch 15 D&B

Brag-Williams Approximation, phase separation
Topic 19 Surface Tension
Ch 15 D&B, lecture notes
Lattice model of surface tension, application to cell sorting
Topic 20  Thermodynamics of Solutions Part III: regular solutions, solvation

Ch 16 D&B
Nonideality in solution behavior, Colligative properties
Topic 21 Chemical Reaction Equilibrium and Catalysis

Ch 13 and Ch 19 D&B 

Chemical reaction equilibrium, transition state theory, funnel landscapes for protein folding

Topic 22 Adsorption, Binding, and Catalysis

Ch 27 D&B 
Langmuir model of adsorption
Topic 23 Multi-site and Ligand Cooperative Binding
Ch 28 D&B
Binding polynomials, Hill coefficient, Pauling Model for Hemoglobin

Topic 24 Polymers Part I: freely jointed chain
Ch 32 D&B
Topic 25 Polymers Part II: entropy springs
Ch 32 D&B
Topic 26 Polymers Part III: elasticity
Ch 32 D&B
Topic 27 Self Assembly Part I: hydrophobic effect
Ch 29 D&B (and Ch 28 D&B reference reading) 

Hydrophobic effect
Topic 28 Self Assembly Part II: protein and lipid assembly
Lecture notes
Topic 29 Self Assembly Part II: Amphiphilic assembly
Lecture notes

Topic 30 Electrochemical Equilibria
Ch 22 and Ch 23 D&B
Other Topics if time-permits

Nerve Signaling-From Nelson, Biological Physics; Cell-adhesion and communication; Extracellular Matrix; Electron Transfer
Course Logistics:

Recitation sessions alternate every week with quizzes (scheduled Wednesdays 1-2). There will be 5-6 recitations and 5-6 quizzes. In addition to the quizzes, homeworks will be given out usually the Friday/Monday before the recitation. Select homework problems will be worked out on the day of recitation. The rest is for your practice and you can discuss it on an individual basis during office hours. Homework will not be graded but will help you a lot in your quizzes. Homework solutions will be posted the Thursday following the recitation. All quizzes and exams are open book, open notes.

Scoring Scheme

5-6 quizzes will be for a total of 70 points

The final will be for 30 points and will be cumulative (i.e., will include all topics).

Course materials: With the exception of the textbook, all materials including lecture notes, homework and solutions, quizzes and solutions, supplementary reading will be available through the Black Board

Office hours and contact:

Instructor

Dr. Ravi Radhakrishnan

Office hours: T 10.30-11.30
Location 540 Skirkanich

Contact phone: 215 898 0487

Contact email: rradhak@seas.upenn.edu
Teaching Assistants

Mr. Neeraj Agrawal

Office hours: TBD

Location: 540 Skirkanich

Contact phone: 215 898 0592

Contact email: jneeraj@seas.upenn.edu





















