
WEDNESDAY, 21 OCTOBER 2015

MATRL 100A: Structure and Properties I, Problem Set 4

This problem set is due in lecture on Wednesday, Oct 28st in hard copy. Write neatly, show your work
clearly, and include units in all answers. While you are free to discuss this problem set with your classmates,
the product that you turn in must be your own work. Do not copy or paraphrase each other’s work.

Chapter 4

1. Look at the YouTube video and read the paper in Nature that are linked from the course website:
“Have you ever seen an atom?” Describe in a brief paragraph the material examined, the number of
atoms in it, the technique used, and the nature of observed imperfections.

2. Calculate the fraction of atom sites that are vacant for lead at its melting temperature of 327 ◦C (600
K). Assume an energy for vacancy formation of 0.55 eV/atom.

3. Calculate the activation energy for vacancy formation in aluminum, given that the equilibrium num-
ber of vacancies at 500C (773 K) is 7.57 × 1023 m−3.The atomic weight and density (at 500 ◦C) for
aluminum are, respectively, 26.98 g/mol and 2.62 g/cm3.

4. Atomic radius, crystal structure, electronegativity, and the most common valence are tabulated below
(1) for several elements; for those that are nonmetals, only atomic radii are indicated.

Figure 1: Problem 4 Data

Which of these elements would you expect to form the following with copper. Briefly explain your
reasoning

(a) A substitutional solid solution having complete solubility

(b) A substitutional solid solution of incomplete solubility

(c) An interstitial solid solution

5. For both FCC and BCC crystal structures, there are two different types of interstitial sites. In each
case, one site is larger than the other and is normally occupied by impurity atoms. For FCC, this
larger one is located at the center of each edge of the unit cell; it is termed an octahedral interstitial
site. On the other hand, with BCC the larger site type is found at 01
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4 positions – that is, lying on
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{100} faces and situated midway between two unit cell edges on this face and one-quarter of the
distance between the other two unit cell edges; it is termed a tetrahedral interstitial site. For both
FCC and BCC crystal structures, compute the radius r of an impurity atom that will just fit into one
of these sites in terms of the atomic radius R of the host atom. Draw both the FCC and BCC crystal
structures, showing were the interstitial is located.

6. What is the composition, in atom percent, of an alloy that consists of 30 wt% Zn and 70 wt% Cu?
Hint: The molar masses of Zn and Cu are 65.41 g/mol and 63.55 g/mol, respectively.

7. Some hypothetical alloy is composed of 12.5 wt% of metal A and 87.5 wt% of metal B. If the densities
of metals A and B are 4.27 and 6.35 g/cm3, respectively, whereas their respective atomic weights are
61.4 and 125.7 g/mol, determine whether the crystal structure for this alloy is simple cubic, face-
centered cubic, or body-centered cubic. Assume a unit cell edge length of 0.395 nm.

8. Gold forms a substitutional solid solution with silver. Compute the number of gold atoms per cubic
centimeter for a silver – gold alloy that contains 10 wt% Au and 90 wt% Ag. The densities of pure
gold and silver are 19.32 and 10.49 g/cm3, respectively.

9. Silver and palladium both have the FCC crystal structure, and Pd forms a substitutional solid solution
with Ag for all concentrations at room temperature. Compute the unit cell edge length for a 75 wt%
Ag – 25 wt% Pd alloy. The room-temperature density of Pd is 12.02 g/cm3, and its atomic weight and
atomic radius are 106.4 g/mol and 0.138 nm, respectively. The atomic radius, density, and atomic
weight of Ag are 0.144 nm, 10.49 g/cm3, and 107.87 g/mol, respectively.

10. Cite the relative Burgers vector – dislocation line orientations for edge, screw, and mixed dislocations.

11. (a) Briefly describe a twin and a twin boundary.

(b) Cite the difference between mechanical and annealing twins.

12. For each of the following stacking sequences found in FCC metals, cite the type of planar defect that
exists:

(a) . . . A B C A B C B A C B A . . .

(b) . . . A B C A B C B C A B C . . .

Now, copy the stacking sequences and indicate the position(s) of planar defect(s) with a vertical
dashed line.
Hint: Note a mirror in one of the two.
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