Final Exam (AMIE352-00, Spring 2014)

June 16, 2014. 4:30 pm — 5:45 pm
Prof. Youngmin You

1. Answer following questions: (6 points)

(1) Write the zone equation (Miller index (kkl)) for a [221] zone (3 points).
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(2) Which of these planes belong to the [221] zone: (1i0),(il3),(0i2),(1§2),(§21),(ii4)?
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2. Shown below is the face-centered cubic lattice (cF), wherein we can define a primitive rhombohedral
(R) unit cell. Answer following questions: (16 points).

(1) What is the transformation matrix for cF" — R? (3 points)
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(2) What are the reciprocal basis vectors in R? (3 points)
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(3) What is the direct metric tensor in R? Use this for the direct metric tensor in cF (4 points):
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(4) What is the translation vector of [001]c after the cF—R transformation? (3 points)
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(5) What is the Miller index of (110)c after the ¢F — R transformation? (3 points)
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3. Calculate the W matrix for a m/3 rotation with respect to (1,1/2,0) point in the hexagonal reference

frame shown below. You don’t need to calculate the matrix multiplication to have a single matrix; leave
the matrices in their multiplication form. (7 points)
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4. Substituted methanes can exist as four possible point groups. Identify their point groups (one correct
answer = 3 points, two = 6 points; three = 9 points).
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5. Shown below it an ammonia molecule. Answer following questions: (/0 points)

(1) List symmetry elements of ammonia (2 points)
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(2) List symmetry operations of ammonia (3 points)
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(3) What is the point group of ammonia? (5 points)
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6. Ethane (C,Hs) can exist as two stable conformers, eclipsed and staggered forms. (16 points)

H,a H H (1) List (or indicate in the molecular structures) the symmetry elements of the
H N . H H}({‘H staggered (5 points) and eclipsed (5 points) conformers.
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(2) Identify the point groups of both conformers (3 point per each)
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7. Shown below are stereographic projections of 3D crystallographic point groups. Determine their
Hermann—Mauguin and Schonflies notations for each projection. (5 points per each; no partial points)
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8. A ‘polar point group’ is a group in which there is at least one direction that has no symmetrically
equivalent directions, and it happens only in non-centrosymmetric point groups with single rotation axes.
(10 points)

(1) What are the highest-order point groups in the polar point groups? (5 points)
dmm ( () and Emm [ Cqy)

(2) List all of the polar points groups. (5 points)
4mm (Gv) , Emm (Cov), B (), 4(Ca), 3m(Gy), 3CCs)
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9. In our last class, we had an invited speaker who gave a talk about ‘organic molecules for
photodynamic therapy’. (/0 points)

(1) What is photodynamic therapy? (3 points)
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(2) Discuss about challenges that should be addressed for clinical applications of photodynamic therapy.
(7 points)
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