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CHEM 584 "Materials Chemistry"
Fall 2008

Professor Kenneth S. Suslick

Midterm Exam

8 Questions on 7 Pages, including this one.

100 points as indicated. Look through the exam first to balance your time allocations.
Try to use the space provided; short but complete answers are best.

Mark all answers directly on the test itself.
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Supplementary Information
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1. a) Explain the difference between Physical Vapor Deposition and Chemical Vapor
Deposition. (5 pts)

Physical vapor deposition relies on atoms from the source material being physically
removed whether by sputtering or evaporation. Consequently, deposition of the
material does not rely on chemical reactions and the chemical composition of the
source material remains unchanged as it is deposited on the target substrate.

Chemical vapor deposition relies on a reactive precursor that is introduced into the
system. The precursor is activated and relies on the subsequent reaction with the
surface of the target substrate.

b) Name one type of CVD, describe how it works, and provide a labeled drawing
of the apparatus. (5 pts)

c) Name one type of PVD, describe how it works, and provide a labeled drawing
of the apparatus. (5 pts)



2)

a) Draw the unit cell of an FCC crystal structure clearly identifying all axes. (5 pts)
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b) Separately show the planes (100), (110), and (111). (6 pts)
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c) Based on your knowledge of planar density, state which plane you expect
to be more reactive and why. (4 pts)

The surface energy for a crystallographic plane will depend on its packing density —
that is, the higher the packing density, the greater the number of nearest-neighbor
atoms, and the more atomic bonds in the plane that are satisfied, and, consequently,
the lower the surface energy. The (110) plane has the lowest planar density resulting
in the highest surface energy therefore it is the most reactive.



3. For the following questions use the lead tin phase diagram shown below. The starting
temperature of each question below is 350 °C. If you have to calculate an answer, show
your work. If you read the answer directly from the phase diagram, just say so.
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a) Consider a sample that is 30 wt% Sn: upon cooling, what will be the composition of the
first solid phase that appears? [7 pts]

Cooling a 30 wt% Sn/ 70 wt% Pb sample results in the formation of the first solid
phase, a, at ~255°C. This phase will contain ~12 % Sn.

b) Circle the eutectic point(s) on the above phase diagram. [3 pts]



4. Draw the valence band structure of a linear chain of fluorine atoms.
Be sure to label each band. (16 pts).
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5. For sol-gel chemistry, what are the two competing mechanisms in metal oxide
formation from metal alkoxides and how do their rates compare?
Draw the chemical reactions. (16 pts)

The two competing mechanisms in metal oxide formation from metal alkoxides are
acid catalysis and base catalysis. Base catalysis results in faster reactions due to OH’
and R3SiO" being better nucleophiles. As a result, base catalyzed systems form dense,
highly branched networks while acid catalyzed systems form porous, bushy networks.
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6. What is the role of halogen in a tungsten halogen light bulb? Write the appropriate
chemical reactions. (8 pts)

The tungsten filament will sublimate upon resistive heating thereby shortening the
lifstime of the bulb. Halogen present in the bulb will react with the gaseous tungsten
forming a volatile tungsten halide. The halide will decompose upon contact with the
hot filament releasing solid tungsten and regenerating the halogen, making the system
catalytic in halogen.
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7. How does a diffusion pump work? Sketch and describe. (10 pts)

A diffusion pump utilizes a heavy oil that is heated. Upon heating, the oil evaporates
centric tubing and is redirected downward.

and the oil vapor moves up a set of con
b D lecules in the chamber and transfers downward

The vapor collides with lighter gas mo
mo1ne1§um to the small molecules. The gas molecules are then pumped from the

system by a secondary pump as the oil vapor is condensed on the side walls where it
can then be reused.
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8. Given the data in the table below:

Diffusing

Species

Fe
Fe
C

C

Host _Activation Energy Oq
Meral  Dy(mls)  Kl/mol  eV/atom

a-Fe 28 x 1074 251 2.60
(BCC)

v-Fe 5.0 %1077 284 2.94
(FCC)

a-Fe 6.2 x 1077 80 0.83

v-Fe 23 %1077 148 1.53

a) In which phase of Fe does carbon diffuse more quickly and why? (5 pts)

Carbon diffuses more quickly in the y-Fe phase which has an FCC structure. The
FCC s‘g\ucture has octahedral holes that are of the right size (Fe — C distance all equal
to 1.7 A) to accommodate carbon where the sites in the BCC structure have two
distances that are too short (~1.4 A) or too long (~2.0 A). Due to a high energy cost
to fit the carbon in the BCC structure, carbon diffusion in FCC is faster.

b) What is the mechanism of carbon diffusion in solid iron? (5 pts)

Carbon diffuses in iron via interstitial diffusion. The FCC strugture has octahedral
holes that are of the right size (Fe —C distance all equal to 1.7 A) to accommodate

carbon.



