The University of Western Ontario Name:

Student #:

P9826 Fall 2010

Midterm exam -due November 1, 2010, 6pm

Total - 30 points

|nstructions:

Writeyour student ID on the every page of thisexam printout AND any additional page
you enclose. Use the additional pagesfor your answersif needed. Disregard next page (p. 2,
it isfor marking purposes only).

You are allowed to use calculators, textbooks and lecture notes.

Total thereare 8 questions, you have a choice in questions 6, and questions 7-9

Total - 30 points

Good luck!
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Questions (Total - 30 points):

1. 3 point) (a) Sketch a possible real space structure antlEfED pattern for a (81) overlayer

on the (100) surface of an fcc metal. Use diffesymibols for LEED diffraction peaks of
overlayer and substrate. Indicate the unit celtarscfor the surface and the overlayer, and of the
reciprocal lattice.

(b) Are multiple domains of (81) symmetry possible on fcc(100)? If so, how isltE&D
pattern affected? Show sketches, as appropriate.

(c)What is the surface coverage of an ideailBatomic overlayer on fcc Ni(100)? Express as
fractional coverage in monolayers, and as atonfs/€tre nearest neighbor spacing in Ni is 2.49

A
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2. (3 points) The electron emission properties of tungstergaren in the table (see next page).
Please do the following calculations.

(@) Plot the data in the form of a Richardson,@otd determine the values of the work
functionegand pre-exponential factor (B).

(b) Assume the tungsten is covered by tungstetiedsiyer, and that the work function
increases by 1.55eV. Plot a new Richardson ploT fer2000K (the range over which the
oxygen will remain adsorbed). Assume the same &base.

(c) Assume that the surface is coated with a laskviunction BaO/SrO mixture, giving a
work function 1.9 eV lower than the value for cla&ih Generate a Richardson plot for this
surface T < 1400K (the approximate range of stghilAssume the same B as above.

(d) For each of the 3 surfaces, indicate the teatpee at which the emission current density
is 1x10° Alcm?.
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3. (2 point) Explain why a scanning tunneling microscope agsean atomic resolution.

4. (2 points) When measuring spherical particles of less titanrth on a substrate with an atomic
force microscope, an experienced operator usdsdigat of the sphere to estimate the size of
the object. Explain why, instead of using the nueed lateral dimension (size) of the sphere,
he/she selects to do so.

5. (2 points) Explain why phase shift imaging in AFM may be fusé differentiating composite
materialsHint: Think about AFM tip as of a forced oscillator.

10/26/2010 6



The University of Western Ontario Name:
Student #:

6. (12 points)

Answer 6 of the following 10 questions (2 points each). Justify your answer, i.e., show
computations, sketch figures, etc., needed to obtain the answer.

6.1 Which has a smaller inelastic mean-free pathast materials, an electron with kinetic
energy of 2 eV or 100 eV?

6.2 What is the de Broglie wavelength of an elettrith kinetic energy of 75 eV?

6.3 Calculate the pressure necessary to keep a3i¢@01) surface clean for 1 hour at 300K,
assuming a sticking coefficient of 1 for all gases dissociation of the gas upon adsorption
and that “clean” mean <0.01ML of adsorbed impusitie
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6.4 You are making XPS measurements of Mg,3dhich has a natural line width (lifetime
width) of 1.5eV. If the photon source has a widtld @5eV, and your analyzer resolution of
0.5eV, what is the measured line width of Mg,&

6.5 A rectangular piece of Np£8.9g/cni) 1 cm wide, 1 cm deep and 2 cm long is precisely
half submerged (long axis vertical) in molten Css{ame no dissolution of Ni into the Cu;
density of molten Cu is 8.5 g/énf the molten Cu has a surface tension withaimbient of
1500 ergs/crhand a contact angle of 148 observed, what forces are required to keep the
Ni block stationary? Give a force direction, iléting or sinking direction. (1 erg = 10

Joule; gravitational constant g = 9.8 fii/s
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6.6 If boron is diffused into a thick slice ofisdn with no previous boron in it at a
temperature of 1100°C for 5 h, what is the deptbwehe surface at which the
concentration is 0 atoms/c if the surface concentration is*f@toms/cr? D = 4 x 103
cn/s for boron diffusing in silicon at 1100°C.

z erf z 7 erf z T erf z 7 erf z
0 0 0.40 0.4284 0.85 0.7707 1.6 0.9763
0.025 0.0282 0.45 0.4755 0.90 0.7970 1.7 0.9838
0.05 0.0564 0.50 0.5205 0.95 0.8209 1.8 0.9891
0.10 0.1125 0.35 0.5633 1.0 0.8427 1.9 0.9928
0.15 0.1680 0.60 0.6039 1.1 0.8802 2.0 0.9953
0.20 0.2227 0.65 0.6420 1.2 0.9103 2.2 0.9981
0.25 0.2763 0.70 0.6778 1.3 0.9340 2.4 0.9993
0.30 0.3286 0.75 0.7112 1.4 0.9523 2.6 0.9998
0.35 0.3794 0.80 0.7421 1.5 0.9661 2.8 0.9999
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6.7 (a) What is the function of Au during the groveff Si or Ge nanowires? (b) Name two
general approaches to growth nanowires? (c) Usiaghase diagram below describe 4 steps

of Ge nanowire growth; (d) What parameters deteemiamnowire diameter? (e) Name (at
least) three ways to terminate the growth procer~
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6.8 The Ti 2p;; binding energy is 454.0eV in metallic Ti. Wheni§bxidized to TiQ, a
chemical shifAEg of 4.9 eV is observed. What is the sign of thentleal shift (on the
binding energy scale), why? If you had an analyd@ch could measure it, would you
expect the chemical shift of the Ti 1s to be theeagreater or less than 4.9eV? Why?
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6.9 Discuss the advantages and disadvantagesngf ugw Energy Electron Microscope in
comparison with Scanning Tunneling Microscope_fetedmining the reconstructions on a
single crystal metal surface

6.10 You are depositinigc Au (da,=2.88A) onto théocc Fe(110) surface (g2.54 A) What
growth mode do you expect in the first monolayashijama-Wasserman or Kurdjimov-
Sachs? Indicate why.

10/26/2010 11



The University of Western Ontario Name:
Student #:

Answer 2 of the following 3 questions (3 points each).
7. (3 points) Consider a 1D crystal whoselk electron dispersion relation &Kk) = &, —bk?,
whereb > 0, so that there is a maximum of this band atk =
Suppose there is a surface state at the surfabésafrystal, and that this surface state has an
energys, + A just above the valence band maximura,(A is small and positive). Such a
surface state is expected to decay exponentiatiytie bulk likee®, wherek is the exponential
decay constant.

Give a simple argument that allows you to expkessterms of the parametdbsandA.
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8. (3 points) For simple diatomic molecule such as CO and NO2thelectronic energy level
plays a key role in bonding to a metal surface. Mioéecular orbital is antibonding (that is, bond
weakening) with respect to the C-O or N-O bondpeesively. As such, its occupation can
influence the strength of this bond. For the issddaCO molecule, this level is the lowest energy
unoccupied orbital. For NO, it is the highest odedporbital. When the molecule approaches a
surface of a late transition metal, the 2p orhitidil interact with the states near the metal Fermi
level, broaden in energy, and can be charactedageqwhrtially occupied. Furthermore, owing to
interaction with neighboring adsorbed moleculethatsurface, the level tends to be narrow for
low coverage (lov®) and broadened for high coverage (HdyhAs illustrated in figure below
(representing NO on the left and CO on the righi} change in level width has very different
consequences for an initially filled or initiallyngty orbital.

low 86 high © low © high ©

Based on the above information and the diagrancribeshow you would expect the
characteristic frequency of C-O and N-O stretchiligational modes to behave as a function of
molecular coverage on a metal surface. Why do yped this behavior?
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9) (3points) An electron is trapped in a two-dimensional irtérpotential well with widths
L=Ly.

a) Find the energies of the lowest five possiblergy levels for this trapped electron, and
construct corresponding energy-level diagram.

2

b) As a multiple ofﬁ, what is the energy difference between the grataté and the third
ml

excited state of the electron?
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