Laboratory Experiment for Atoms, Molecules & Reactions

Winter Quarter 2006
Instrument Exploration # 2: Scanning Electron Microscopy (SEM)

Written by Rebecca Sunderman, Ph.D.
Responsibilities:

· Instrument theory and introduction lecture/workshops are scheduled for week 4. (Bring your lab notebook to record information.

· Running experiment week 6 (Have one member of the group check out a solid state model kit to bring to your experiment time.)

· Optional lab notebook photocopies due 9:00 AM on 2-22-06 (week 7)

· Final draft of lab report due 9:00 AM on 2-22-06 (week 7)

Introduction:

Recognition of the wave-particle duality of matter enabled the development of electron microscopy.  In these systems a beam of electrons, with a specific de Broglie wavelength replaces the lamp of a traditional microscope.  In Scanning Electron Microscopy (SEM) an electron beam is scanned across the surface of a material and either secondary electrons or backscattered electrons are detected, and the signal is represented on a video screen.  Multiple scans take place to ensure irradiation of a small area across the x-y plane.  

Surface characterization plays an important role in fields of science including but not limited to archaeology, biology, chemistry, engineering, geology, oceanography, physics, and seismology. SEM data can be used to study heterogeneous catalysis, corrosion and adhesion mechanisms, the behavior and function of biological membranes, surface activities (self-cleaning windows, self-cleaning paints, surface reactions, etc.), semiconductor thin films, circuit boards, and many surface material deposition questions.

The Experiment:

You will be examining several samples using a variety of conditions (magnification, electron mode, vacuum, etc.).  Take good notes in your lab notebook as you work through each sample set.  Questions, comments, and discussions with your lab partners may prove to be excellent tidbits to add to your lab notebook.

Sample Set One: 

Compare at several magnifications, including your eye, at least three iron samples.  If rusting has occurred, at what magnification can it be detected?  Describe the oxide patterning on the oxidized samples. (Be certain at least one of your samples has started rusting.)

Sample Set Two:

Examine several sedimentary rock samples.  Many sedimentary rock samples contain a variety of minerals within the rock; carbonates and sulfates are very common.  In your rock samples, how many different minerals appear to be present? How can this be determined with SEM?  What SEM conditions work best for this differentiation?  Electron Microprobe Analysis is very similar to SEM and allows exact element identification. Explain briefly how Electron Microprobe Analysis works.  

Sample Set Three:

Examine at least one floor surface before cleaning and after cleaning. Discuss your observations.  If time allows select a second floor surface.

Sample Set Four:

There are a variety of crystalline salts and solids for you to study with SEM. All of these appear in the solid-state model kit instruction manual.  It is important to have a model of your sample constructed during your study.  Materials to examine: NaCl; CaTiO3 or MgAl2O4; CuFeS2; graphite or MoS2 or Li3N or Cu2Sb or MoSi2 or ThCr2Si2 or PtS.  Use a variety of settings for each material.  For one of your samples, examine with SEM then crush the material with a hammer and reexamine.

Calculations, Analysis, Questions to Ponder:

What is the wave-particle duality of matter? What is a de Broglie wavelength? Why and how are magnetic fields used as lens, for both focusing and bending, the electron beam?  What is the difference between backscattered electrons, secondary electrons, and Auger electrons?  What electrons were detected in your study?  Why are conductive samples more conducive for SEM study? How can nonconductive samples be examined with SEM? What techniques were performed by you or someone else in preparing the samples you examined? What samples did you examine and under what conditions/magnifications/electron mode? What can you interpret from your images? (These are a few suggestions of things you should be thinking about, writing in your lab notebook, and possibly using for your lab report. The questions here are not an extensive list. Create your own for discussion purposes in your lab reports.)
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