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P9826h Winter 2013
January 28, 2013

Homework Assignment #1 (due on February 6, 2013)
Problems:

1. (4 paints) Find the crystallographic structure of one of the materals studied in your rescarch
project. If this matenial #s known to have several crystallographic forms, list all of them and select the
one with the highest symmetry group, For mstance, if you study corrosion of Ni alloys, consider Ni
crystal structure, If you project has no connection with erystalline solids, take zincblende crystal
structure as shown in the figure below.

(a) Consider the following surfuces: () (100); (&)
(111); @) (110); () (211). Sketch out the ideal
surface structure of each. 1f applicable, identify the
ones with the polar termination.

(b) Onder of magnituds estimates of y. Estimate how many
bonds does one need to break to form (100) and
(111) surfaces of this materisl Which surface has
lower surface energy: (100) or (111)?

(¢) Compare your predictions for surface encrgies
with the walues from the litesature (list your
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2. (4 points) Consider that in the pictures {including next page) you are looking down at a surface.
The larger ciecles represent the substrate atom positions and dark dots represent the overlayer
atom positions. Overlayer unit cells are shown, For each strucrure:

{a) Draw the substrate unit cell and vectors, and the primitive overlayer unit cell and unit cell
vectors.

(b) Caleulate the ideal coverage (in monolayers) of the ovedayer.

(c) If the primitive overlayee surface unit cell ean be named with Wood’s notation, do so. 1f it
cannot, try to identify a nonprimitve cell which can be so named.

(d} Give the matrix notation for the primitive overlager unit cell
(e) Classify the surface ovetlayer as simple, comcident or incoherent.
For each real space surface structure provided:

{f) Construct reciprocal unit cells for the substrate and the ovedayer (show both the magnitude
and the directions of the vectors).

(g) Skeech LEED pattemns for each case, using different symbols distinguish the peak positions
for the substrate and the overlayer (Hint: don't forget about possible domains!),
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3. (2 points) According to Hertz-Knudsen equution, the flux of molecules hitting unit area of a
surface 1n unit ime is

.Z, = —e—’—”-
(2mnk, 1)
where p is pressure, m molecular mass, ky Bolzmann constant and 7" temperature. The dissociative
stucking coefficient of H, on St (001) 1s 1x10™" ar room temperature. There ate 6.8 x10™ Si atom per

m’" on the Si (100) surface. Estimate the covemge of H atoms that results from exposing a Si (100)
surface to 1x10° Pa of H, for 30 min. Justify the use of a constant sticking cocfficient.
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5. (2 points) Consider the oxidation of steel plate in a gas atmosphere at T=927°C, Caleulare the
tme necessaty to increase the OXygen content to (1.36 wt®o at 0.4 mm below the surface of the plare.
Assume the oxygen content at the surface o be 2.0 wt % and that the nominal oxygen content of
the steel gear before oxidation is 018 wit%, Diffusion coefficient of oxygen in y iron ay 927°C s
1.28 %10 "'m*/s,

Use the value of the error function from the table below for a solution. (Hint: refer to the second
Fick’s law of diffusion to solve i),

2 erl z z orf 2 H el z I3 erf =
0 il 040 04284 088 007 L6 09763
0025 00282 045 04755 090 07970 1.7 0983
0.0 0.0364 050 035208 095 08200 18 09801
0.10 0.1125 055 03633 1.0 0.8427 19 nous
0.15 0.1680 0.60 06039 % 08802 20 09953
0.20 0.2227 065 0.6420 2 0910 22 09981
0.25 02763 0 06778 13 09340 24 09993
0 0.3286 075 07112 1.4 19521 20 09998
0,35 3794 | om0 042 15 0,966 _] 28 09999
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