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1. Fundamental Concepts
1.1. Species, mixtures
1.1.1. Concentration

1.1.1.1. molar

1.1.1.2. mass

1.1.1.3. volume percent

1.1.2. Electrical Charge

1.1.2.1. Conservation of charge
1.2. Scales for Mass Transfer

1.2.1. Molecular

1.2.2. Microscopic

1.2.3. Macroscopic

1.2.3.1. Single Phase

1.2.3.2. Multiphase
1.3. Equilibrium

1.3.1. Solubility

1.3.2. Partition Coefficient

1.3.3. Partial Pressure

1.3.4. Henry's Law

1.3.5. Donnan Equilibrium
1.4. Mass Flux
1.5. Mass Transfer (Non-Equilibrium)

1.5.1. Driving Forces

1.5.1.1. Microscopic

1.5.1.1.1. Concentration Gradient

1.5.1.1.2. Potential Gradient

1.5.1.1.3. Temperature Gradient

1.5.1.1.4. Pressure Gradient

1.5.1.2. Macroscopic - single phase

1.5.1.2.1. Concentration Difference

1.5.1.2.2. Potential Difference

1.5.1.2.3. Pressure Difference

1.5.1.3. Interfacial Transport
1.6. Chemical Reactions
1.6.1. Law of mass action

1.6.2. Homogeneous Reactions

1.6.3. Heterogeneous Reactions

1.6.4. Zeroth Order Reactions
1.6.5. First Order Reactions

1.6.6. nth Order Reactions

1.6.7. Temperature effects

1.6.8. Michaelis-Menten kinetics
2. Diffusion Mass Transfer
2.1. Fick's Law, Dilute Solutions
2.1.1. Diffusion coefficient

2.1.1.1. Binary vs. Multicomponent

2.1.1.2. Concentration dependence

2.1.1.3. Temperature dependence

2.1.1.4. Pressure dependence

2.1.1.5. Theoretical Expressions

2.1.1.5.1. Gases

2.1.1.5.2. Liquids

2.1.1.5.3. Solids
2.2. Species Conservation

2.2.1. Macroscopic

2.2.1.1. Steady-state

2.2.1.2. Transient

2.2.1.2.1. Compartmental (Lumped) analysis

2.2.2. Microscopic Shell Balance
2.2.2.1. Steady-state Diffusion
2.2.2.1.1. 1-D

2.2.2.1.1.1. binary gas diffusion

2.2.2.1.1.2. evaporation

2.2.2.1.1.3. dilute liquid solutions

2.2.2.1.2. Multidimensional

2.2.2.1.3. With Chemical Reaction

2.2.2.1.3.1. Effectiveness factor

2.2.2.1.4. Electrolytes and charged species
2.2.2.1.4.1. Nernst Equation

2.2.2.2. Transient Diffusion
2.2.2.2.1. 1-D

2.2.2.2.1.1. dissolving particle

2.2.2.2.2. Multidimensional

2.2.2.2.3. For various coordinate systems
2.3. Boundary Conditions
2.3.1. Constant Concentration

2.3.2. Constant flux

2.3.3. Impermeable Boundary

2.3.4. Mixed
2.4. Initial Condition
2.5. Methods of Solution

2.5.1. Analytical

2.5.2. Graphical

2.5.3. Approximate Methods

2.5.3.1. Numerical Methods

2.5.3.2. Simplifying Assumptions

3. Interfacial Mass Transfer
3.1. Film theory
3.2. Dimensional Analysis

3.2.1. Buckingham Pi Theorem

3.2.1.1. Sherwood Number(Nusselt Number for mass transfer)

3.2.1.2. Peclet Number

3.2.1.3. Schmidt Number

3.2.1.4. Biot Number
3.3. Internal vs. External Flow
3.4. Mass Transfer Coefficient

3.4.1. Natural (Free) Convection

3.4.2. Forced Convection

4. Convective Mass Transfer
4.1. Species Conservation
4.1.1. Macroscopic

4.1.1.1. Solute flow across porous membranes

4.1.1.1.1. homogeneous membranes

4.1.1.1.2. heterogeneous membranes

4.1.1.1.3. permeability

4.1.1.1.4. reflection coefficient

4.1.1.1.5. partition coefficient

4.1.1.1.6. concentration polarization

4.1.1.2. Compartmental Analysis

4.1.1.2.1. Single compartment

4.1.1.2.2. multicompartment

4.1.1.3. Phamacokinetics
4.1.2. Microscopic

4.1.2.1. Laminar vs. Turbulent

4.1.2.2. Steady-state 

4.1.2.2.1. 1-D

4.1.2.2.2. Multidimensional

4.1.2.2.2.1. Concentration boundary layer

4.1.2.2.2.2. Taylor dispersion

4.1.2.2.3. With Chemical Reaction

4.1.2.2.4. Electrolytes and charged species

4.1.2.2.5. Diffusion in Porous Media

4.1.2.2.5.1. Tortuosity
4.1.2.2.5.2. Effective Diffusivity

4.1.2.3. Transient 

4.1.2.3.1. 1-D

4.1.2.3.2. Multidimensional

4.1.2.3.3. For various coordinate systems

5. Simultaneous Heat and Mass Transfer
5.1. Thermal Diffusion

5.2. Evaporation

5.3. Free Convection

6. Biological and Physiological Mass Transfer
6.1. Biomolecular

6.1.1. Effective diffusivity in biological materials

6.1.2. Molecular drag
6.1.3. Stokes-Einstein Equation 
6.1.4. Enzyme Kinetics

6.1.4.1. Competitive

6.1.4.2. Non-Competitive

6.1.5. Receptor-Ligand Binding Kinetics
6.2. Cellular & Subcellular
6.2.1. Membrane diffusion and permeability
6.2.1.1. non-electrolytes

6.2.1.2. electrolytes

6.2.2. Facilitated Transport
6.2.3. Active transport

6.2.3.1. Na+-K+-ATP pump

6.2.4. Receptor-mediated transport

6.2.5. Metabolism

6.2.6. Signal Transduction

6.2.7. Regulation of Gene Expression

6.2.8. Ion channel transport

6.2.9. Pinocytosis
6.3. Tissues
6.3.1. Blood-tissue exchange in microcirculation

6.3.1.1. Blood gases

6.3.1.1.1. Inert gas exchange

6.3.1.1.2. Respiratory gas exchange

6.3.1.1.2.1. Oxygen

6.3.1.1.2.2. Hemoglobin, Oxyhemoglobin

6.3.1.1.2.3. Exchange in tissue

6.3.1.1.2.3.1. Krogh Cylinder, systemic microcirculation
6.3.1.1.2.4. Lung gas exchange
6.3.1.2. Exchange of nutrients and waste products

6.3.1.2.1. glucose-insulin

6.3.1.3. Water transport

6.3.1.3.1. Protein Oncotic pressure

6.3.1.3.2. Starling Equation

6.3.1.4. Passive solute transport

6.3.1.4.1. Kedem-Katchalsky Equation

6.3.1.5. protein transport

6.3.2. Interstitial Transport

6.3.3. Absorption in the gut

6.3.4. Peritoneal Dialysis

6.3.5. Muscle

6.3.6. Skin

6.3.7. Tumors

6.3.8. Other Tissues
6.4. Organs and Systems
6.4.1. Systemic Circulatory System

6.4.1.1. Pharmacokinetics

6.4.1.1.1. Drug distribution volumes

6.4.1.1.2. Drug metabolism

6.4.1.1.3. Drug catabolism

6.4.1.1.4. IV infusions

6.4.1.2. Co-current and countercurrent mass exchange

6.4.1.3. Indicator-dilution methods

6.4.1.3.1. Blood flow

6.4.1.3.2. Blood Volume

6.4.1.3.3. Permeability-surface area

6.4.2. Kidney

6.4.2.1. glomerular filtration
6.4.2.2. secretion

6.4.2.3. absorption

6.4.2.4. clearance
6.4.3. Lung

6.4.3.1. Lung volumes by gas dilution

6.4.3.2. Diffusing capacity

6.4.4. Brain

6.4.5. Other organs
6.5. Artificial Organs and Tissue Engineering
6.5.1. Artificial Liver

6.5.2. Artificial Pancreas

6.5.3. Artificial Kidney
6.6. Implantable/Ingestible Mass Transfer Devices

6.6.1. Time Release Capsules
6.7. Extracorporeal and Biological Mass Transfer Devices

6.7.1. Bioreactors

6.7.2. Drug Patches

6.7.3. Blood Oxygenator

6.7.4. Hemodialysis

6.7.4.1. Co-Current

6.7.4.2. Counter-Current
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