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1. What is meant by “top-down” or “bottom-up” synthetic approaches? Provide applications of
each.

2. When a new technology is introduced, the consumer price is astronomical. What are the factors
that govern when and how much this price will be lowered? Cite specific examples.
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Point: To understand the crystal structure
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Point: To understand symmetry operations
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Point: To understand the principles of X-ray diffraction
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Point: To understand common imperfections in crystal solids
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Point: To understand the relationship between structure and property
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Point: To understand the basic of band theory
BT FTEMAK Section 4 The Amorphous State
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1. What are the differences between amorphous and crystalline materials? Cite examples of each.

2. Describe some techniques used to fabricate amorphous or crystalline materials.
3. What is the difference between point groups and space groups?
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1. What is the difference between substitutional and interstitial dopants? Provide examples for

each type.



2. Explain why many ferrimagnetic materials crystallize in a spinel lattice.
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BT #ERIRA Section 2 Silicon-Based Applications
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FT5 #HEME Section 4 Thermoelectric Materials
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1. Explain how LEDs/OLEDs operate, and think of some intriguing applications for these types of
materials.

2. How are the bandgap and dielectric constant of a thin film determined experimentally?
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1. Explain the differences between a thermoplastic and thermoset.

2. What are the structures of conductive polymers, and what is the mechanism for electronic
transport in the solid-state?
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1. What are some examples of “self-cleaning” coatings? How do these work?

2. Describe a “top-down” and “bottom-up” approach to synthesizing 0-D nanostructures.

3. Describe the Vapor-Liquid-Solid, Solution-Liquid-Solid, and Solid-Liquid-Solid synthetic
routes for 1-D nanostructural growth. Make sure you discuss the experimental setup and required
precursor(s) for each technique, as well as the morphological control (i.e., control over thickness,
length, chirality, etc.) one would have for each technique.
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F—T BT ERMIE Section 1 Electron Microscopy

BT RESFEFRIMEIAR Section 2 Surface and Interface Characterization Techniques
F=T FAEIRFEAR Section 3 Scanning Probe Microscopy



FET PRIEFRMEIAR Section 4 Bulk Characterization Techniques
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1. What are the differences between STM and AFM, providing examples of their applications?
2. What characterization techniques would be best suited for the following:
(a) Analysis of a thin film (20 nm thickness) for Na content (very precise value is desired).
(b) Determination of the Li content of a thin film — comparison of the surface concentration with
the Li content at a depth of 100 nm below the surface (diffusion study).
(c) Assess whether a new synthetic procedure to grow TiO2 nanoparticles was successful or not.
(d) Determine the lattice parameters of metallic ReO3 nanoparticles.
(e) Determine the percentage yield and purity for a batch of single-walled carbon nanotubes.
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