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Irving Langmuir, 1914
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Office Hours: M 2:00-6:00 PM and by appointment
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Lectures: M 6-8.30PM
Text required:  A.W. Adamson, A.P. Gast. “The Physical Chemistry of Surfaces”, 6-th edition. John Wiley, N.Y. 1997.
Other helpful textbooks: Hiemenz, P.C.; Rajagopalan, R.  Principles of colloid and surface chemistry. 3-d edition.  Marcel Dekker, N.Y. 1997.  J.N. Israelashvili, Intermolecular and Surface Forces, Academic Press/Elsevier, Amsterdam. 1991.
Course Description:  Surface Chemistry is an intensively growing interdisciplinary area of modern chemistry and materials science.  The subjects of the surface chemistry are surfaces of solids and liquids, thin films and layers at the solid-solid, solid-liquid, and solid-vapor interfaces.  The properties of the interfacial layers are quite different from the bulk of the material, which determines many important applications of these materials in the fields of optics and electronics, nano-composites, adsorption and adhesion, catalysis etc.  In the course, we will review the basic thermodynamics and its application for the surface phenomena.  Specifically, we will focus on adsorption and wetting, chemistry of organic surfaces and monolayers, silane coupling chemistry, chemistry of silica surfaces, adsorbents and stationary phases, hydrophobic and hydrophilic surfaces, sol-gel materials, porous and dispersed materials etc.  The overview of surface characterization techniques will be presented.  The background assumed is one year of undergraduate Physical Chemistry.
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Course plan:
	Date
	Lecture topic

	1/12
	Introduction.  Surface tension and surface energy.  Thermodynamics of liquid surfaces.  Capillarity.  Laplace equation.

	1/19
	Measurements of surface tension. Kelvin equation. Surface energy of solids.  Methods of characterization.  Nucleation and new phase formation.

	1/26
	Solid-liquid interface, wetting and contact angles.  Young equation.

	2/2
	Contact angles, wetting of rough and composite surfaces.  Determination of surface free energy from contact angles. 

	2/9
	Thermodynamics of adsorption. The Langmuir adsorption isotherm. 



	2/16
	The BET isotherm.  Porous solids and porosity. Characterization of porous solids.  Intrusion porosimetry.  Fractality and Fractals.

	2/23
	Midterm exam

	3/2
	Monolayers supported on liquids. Langmuir-Blodgett monolayers.

Stability of Colloids.  Disjoining pressure.  DLVO theory.  Surfactants.

	3/9
	Spring break

	3/16
	Adsorption from solutions.  Thermodynamics of solid-liquid interface.

	3/23
	Surfaces of high energies.  Silica.  Water on oxide surfaces.

Surface modification techniques.  Self-assembled monolayers.

	3/30
	Wetting and adhesion control.  Hydrophobic and lyophobic surfaces.  Ultralyophobic surfaces.

	4/6
	Role of surface chemistry in separation processes.  Adsorption, concentration, chromatography and membrane separation.  Water-hydrophobic interface.  Interfaces in living nature.  Lipid membranes.  Biomaterials.

	4/13
	Easter Monday

	4/20
	Surface sensitive techniques and surface characterization: Optical, Electron, and Ionization Spectroscopy.  Electron and probe microscopy.  Thermal methods of analysis.

	4/27
	Students presentations on selected topics.

	5/4
	Final exam (comprehensive)


Examinations and grading: The grade will be based on a Midterm and a Final Exams (each 100 pts.), and Student’s Presentation (Selected topic from the periodic literature on Surface Chemistry, 50 pts.).  The letter grade will be calculated as follows: A>95%; A->90%, B+>85%; B>80%, B->75%, C>65%; D>60%; F<60%).
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