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1. Three major bondings in solids are ionic, covalent, and metallic bonds.
(a) Describe ionic, covalent, and metallic bonds.
(b) Alumina (Al,O3) is a major ceramic material. Describe the bonding in alumina.
(c) Silicon (Si) is the major semiconductor material. Describe the bonding in silicon.

2. Answer the foliowing questions about the cubic rock salt (NaCl) crystal structure.
The rock salt crystal is cubic with a = 5.6 A.
Sodium (Na) atoms in the unit cell are located at (0, 0, 0) F.C.
Chiorine (Cl) atoms are located at (1/2, 1/2, 1/2) F.C.
(a) Write out the coordinates of all four (4) Na atoms and all four (4) Cl atoms in a unit cell (in unit cell
fraction).
(b) Draw a unli_t cell in_a:brplap‘e: (as Pelow) and plot all atoms of the rock salt crystal structure.
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(c) The cell parameter of NaCl, a=5.6 A. What is the Na-Cl bond length? Show your calculation.
(d) What are the coordination numbers of Na and Cl in the crystal structure?
(f) How many molecules (NaCl) are there in a unit cell (Z)? Show calculation and explain.

3. Neumann'’s law is the most fundamental law in Mineral Physics or Crystal Physics.
What is Neumann's law? Explain with an example.

4. Describe and explain the trends and regularities of ionic radii with periodic table.

5. There are Pauling’s five rules guiding the relation of composition and structure of ionic-bonding materials.
The first rule states “A coordination polyhedron of anions is formed about each cation, the cation-anion
distance being determined by the radius sum and the coordination number of the cation being
determined by the radius ratio. .

State the 2nd, 3rd, 4th, and 5th rules of Pauling’s.

6. There are three types of crystalline solid solutions: substitutional, interstitial, and vacancy (omission).
(a) Explain that the crystalline solution formed in MgO and NiO is of substitutional type.
(b) Explain that the crystaliine solution formed in calcium stabilized zirconia is of vacancy (omission)

type.

7. Phase transformation in solids can be categorized into displacive and reconstructive types.
(a) Explain the displacive and the reconstructive phase transformations.
(b) Explain that the phase transformation between high-low quartz is displacive, and the transformation
between graphite and diamond is reconstructive.
(c) How does pressure influence crystal structure in terms of density, cation coordination, and
symmetry?
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8. There are four possible mechanisms of electrical polarization when a dielectric ceramic material is under
an electric field: electronic, ionic, dipolar (orientational), and space charge polarizations.
(a) Explain the four eiectrical polarizations.
(b) Explain why barium titanate (BaTiO;) is a material with high dielectric constant.

9. Explain the followings.
(a) piezoelectricity, (b) pyroelectricity, (c) ferroelectricity, (d) ferromagnetism, (e) ferrimagnetism.

10. The characteristics and the properties of a material are different. Explain with examples.
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