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P9826b Winter 2013

Midterm exam
February 25, 2013 - Solutions

Questions (Total - 30 points):

1. (4 points) (a) Niobium has bcc structure with the lattice parameter a=3.30A. Draw a schematic
representation of Nb(OOl) surface and calculate atomic density of the Nb (001) surface (number
of Nb atoms per m?).
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(b) Niobium sample is oxidized by exposure to O; at 300°. The dissociative sticking coefficient
of Oz on Nb (0012 is 0.05 at 300°C. Estimate the coverage of O atoms that results from exposing
Nb surface to 10” Pa of O, for I min.
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(c) Following this oxygen exposure LEED pattern was observed from O/Nb(001) surface, and its
schematic representation is shown on the figure below. Open circles correspond to the substrate
peak positions, while squares are for the overlayer diffraction pattern.

Write a reciprocal space matrix for the overlayer pattern, real space matrix and name it using
Wood's notation.
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(d) Expregs oxygen coverage obtained in (c) as fractional coverage in monolayers, and as
atoms/cm”, Compare with your results in (b). How can you explain the difference?
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2. (4 points) Your lab partner has prepared Nb,Os film by oxidation of metallic substrates, and
wants to estimate oxide thickness. You propose to perform XPS to evaluate thickness of the
oxide, and get the spectrum as illustrated below.

(a) Calculate Nb,Os layer thickness using integrated areas of 3dsn» peaks for Nb and Nb,Oj5 (refer
to “Area” on the graph below), and properties of Nb and Nb;Os in the table below.
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(b) Explain to your lab partner what is “binding energy” and relatively to which energy level it is
measured?
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(c) Why is the binding energy of 3 d3n peak higher than the one for 3 ds;» peak?
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(d) Explain the origin of shake-up and plasmon peaks in XPS spectrum. Schematically draw
their position (in binding encrgy coordinates) relatively to the main adiabatic peak.
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3. (4 points) Consider adsorption of O; molecule on transition metal surfaces.
(a) Draw schematically n&al‘scular orbital diagram for O; in the gas phase.
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{(b) Compare O; adsorption on Fe ( [Ar]4s?3d®) and Cu ([Ar]4s'3d") in terms of metal-O bond
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5. (10 poinis)

Answer 5 of the following 10 questions (2 peints each). Justify your answer, i.c., show
computations, sketch figures, etc., needed to obtain the answer.

5.1 Consider a hypothetical 2D crystal having a simple square unit cell. Assume that there
are deep cusps in the y-plot in the (10) and (11) directions. Given that y,o is 500ergs/cm and
v11 is 250ergs/cm, find the equilibrium crystal shape. Calculate the energy of the final
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5.2 The distance between atoms in a crystal are ~2 A, so waves with approximately this
wavelength are required to explore the crystal structure, Using de Broglie law (A = h/p),
calculate the energies of (a) neutrons (m=1.675x1 0'27kg), (b) electrons (m=9.11x 10° lkg) and
(c¢) X-rays required for the structural studies?
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5.3 Explain how Xe and CH;=CH; differ in their bonding to a metal surface. Rank their
desorption temperatures.
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5.4 Your sample #1 consists of Fe;O; nanoparticles on top of diamond-like carbon substrate.
You also prepared a clean substrate (sample #2) for comparison. You accidentally dropped
both samples on the way to Nanofab and they are now contaminated with the dust, and you
do not know which sample is #1.

(a) What measurement use can do using SEM to distinguish two samples?

(b) Why do the backscattered electron micrographs, rather than secondary electron
micrographs reveal the compositional contrast?

u.) DX - o wa{i'rmf whad sawf&f kas fe ‘wwym'm;

ar' 11l

Dust particls have lypeally  variows meweray
(e tato, 50y KALSC, car Gou - bpsed ),
Jou can wp backscalled elidin cuapus fo distipas
oneids  befier Qe echs Ty see  marrow Aistiibidip,
0f /nﬂ’w&/} wilh ét/é.‘z.z fFe,) on 4,//«3‘ Sitslrale
Jirdy yow & pré Condras?. Whireas s cayy
0/ dus? - coveréad saupls | one tets o sep
a e dustr)buAion g%/dr// g/d'q. At
el nt dor»zw;/ Yo
'é é) &3‘;& scadtere \ Ba¢5M€/e¢ Mﬂ(& (ﬁ/.‘/e/ /0&/

4 il oa® /M,Aér conpusilfoual.

7 s s e M > e
, 8\ confras
Alovee nuncber

Yi Lol
CleAron

2/27/2013




The University of Western Ontario Name:
Student #:

5.5 Calculate the diffusivity in m>/s of carbon in HCP titanium at 700°C. Use Dy = 5.10 *
10* m%/s; E, = 182 kJ/mol; R = 8.314 J/(mol - K). 192610°
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5.6 Surface energies of solid Cu and Nb are y¢, = 1670 ergs/om” yap = 2100 ergs/em’. You
deposited Cu on Nb substrate using slow deposition rate at elevated temperature. What
growth mode do you expect? In your own words explain how XPS can be used to
distinguish Frank-van der Merwe from Volmer-Weber growth in this case.
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5.7 (a) What is the function of Au during the growth of Ge nanowires? (b) Name two general
approaches to growth nanowires? (c) Using the phase diagram below describe 4 steps of Ge
nanowire growth; (d) What parameters determine nanowire diameter? (e) Name (at least)
three ways to terminate the growth process.
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5.8 The diffusivity of iron atoms in the bee iron lamce is4.5x 10" m /s 405 an ; Y oo ace -
10°'® m%s at 800°C. Calculate the activation energy in kJ/mol for this case in this temperature

range. R = 8.314 J/(mol - K).
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5.9 Discuss the advantages and disadvantages of using Low Energy Electron Microscope in
comparison with Low Energy Electron Diffraction for determining the reconstructions on a
single crystal metal surface.
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5.10 You are depositing fcc Ni (latticeé constant dxi=3.52A) onto the bee Fe(110) surface (dye-

2.54 A) What growth mode do you expect in the first monolayer, Nishyama-Wasserman or

Kurdjimov-Sachs? Indicate why.
2.54

bee Fe(110) surface 24 =3 a
293 A

Assuming that fec Ni (111) has good geonietrical match with bec Fe (110), We can calculate
geometrical parameter, r, for close-packed Ni-Ni distance (or dyi=2.7A) and lattice parameter
in bee Fe (da=2.934)

r=2'—49=0.98

2.54 293A

From the structural phase diagram, and depending on the coupling strength within the film
compared to interlayer coupling strength, one predicts cither complete co herence or
coherence in one direction and NW misfit in another
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