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Midterm Exam
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SHOW WORKING WHERE APPROPRIATE TO ENSURE PARTIAL CREDIT

Possibly useful information :

l.: [150 / E(eV)]tD A

h= 6.626 x 10'34 J s

k= 1.381 x 10-23J/K

R: 8.314 J / mol K

m":9.109 x 10-31 kg

Na=6.022x1023

I atm = 760 ton: 101.325 Pa
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WARM-UP QUESTIONS

1. Circle the most appropriate answer after taking the exam (Any answer : I pt)'

Taking this exam was a St. Valentine's

4 pts 2. Spell out the name of the surface science technique represented by the following acronyms:

LEED:

STM: nna.{;* th ttcg,};'i

AIIM =

TDS:

NOW FOR THE REAL STUFF

In a dungeon lab in Gilbert Hall, Dr. Watson and his faithful assistant, Igor, have recently
claimed the discovery of the new superheavy element Watsonium (Wa) (atomic number 666)
with some very unusual properties. Despite some skepticism from the rest of the scientific
community, they have pursued the surface chemistry of this element.

Watsonium crystallizes in two allotropic forms. One allotrope (o-Wa) crystallizes in the face-
centered cubic structure, while the other (p-Wa) crystallizes in the body-centered cubic structure.
Both allotropes have one atom at each lattice point. lnterestingly, both structures have the same
lattice constant a6: 500 pm.

Answer the following question about this remarkable substance.
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13 pts 3. a) Both allotropes of Wa cleave easily to expose a G03) surface. This means that the surface

plane intercepts a set of Cartesian axes at (in units of ao) : (3 pts)

x-intercept= -\ y-intercept z-intercept - tf*

b) If we compare the atom density (atomsiarea) in the cr-Wa(l00) and B-Wa(100) surfaces we
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(5 pts)

{-W{r*n }

find that the relative atom density u-Wa(I00) : p-Wa(l00) is :

O4AKE SKETCHES FOR PARTTAL CREDIT - 2 pts for a correct guess)
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Pickone 3:l ffi-\-
(c) What is the atomic radius of a Wa atom?
(sHow woRKrNG)
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(5 pts)



14 pts 4. We have found that the clean bcc (B-Wa)(100) surface has an ideal surface structure. It also

adsorbs O atoms. LEED patterns of the clean and the O-covered surface look as below :
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What is the angle of rotation between (dr, b1J and (aI , b*)? f {o " (2 pts)

Write the notation that specifies the adsorbate structure in the form (p x q)Ra" (4 pts)

p = l*\rl = l{f = .fiI'tal ffi| ':f

kJ": j.!il : Lfr
__..#
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oo

(2 pts)

Clean O-covered

a) the LEED patterns were taken with electrons of 100 eV energy. What wavelength will these
electrons have? r Jr o

X = / l{6 \"* = l,t-t- k
-r.?\ i I

(,{) Lt^ t
b) what are the lengths of the reciprocal mesh vectors @|r, blJ for the O-covered surface in
terms of those for the clean surface reciprocal mesh vectors Gr , bt)? (6 pts)
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10 pts 5. Igor thinks that we should use scanning probe microscopies to study Wa surfaces.

(a) Circle the correct answeis in the following statements. (1 pt each)

The scanning tunneiing microscope (STM) measures

gravitational attraction between a sharp tip and a surface. The signal increases,/,$ecreaqes by
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The atomic force microscope (AFM) measures

attraction between a sharp tip and a surface. This technique can be used only in vacuum /

(b) Igor find that on a-W(l00), the STM image appears to only show 3/4 of the number of atoms
he expected. What could account for this? What change rn the STM operating conditions could

a factor of about t y, tf6] rc6 for change in distancg of 0,.lnm. ,---tV- _-_=_r-€ : .;--rs*j

(5 pts)
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l8 pts 5. Igor finds that CO adsorption on B-W(l00) is "Langmuirian".

(a) The Langmuir isotherm can be written generally as :

g : 
1bP)l/o I (I +(bP)t^) n : 1,2

a) explain in afew words the significance of 0, b and n (6 pts)

ft *" do*'mr%r,s ) s --* g-

b€* L^JrltJ**- K fu.Jo*r$-*
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b) explain very briefly 3 approximations made in deriving this isotherm

it *h 1^ tfr* r{ s,fu, "JL J*'h*l

.i) &+u*tuw[e l:h
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c) sketch the approximate form of the isotherm for the cases where b is large and small. (6 pts)

(6 pts)
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20 pts 6. Finally, Igor has reported on some thermal desorption experiments on Watsonium.

(a) Fill in the blanks in the following statements. (2 pts each)

Nz adsorbs on Wa(100) at 100K with an enthalpy of adsorption of 15 kJ/mol in a

t

f lu$ . sorbed state. A TDS experiment starting at 100 K show; a symmetric peak
Td: i t r I

at200K indicating rrru, hlar.J*ooJnf are desorbing in a tq -order desorption

process. When adsorption takes place above about 300K the coverage of adsorbate starts to

tLl
increase with temperature in an aetL$*xe.il, adsorption process. Another TDS experiment

on this system shows an asyrnmetric peak at 1000 K indicating that

desorbing in a -order desorption process.

(b) if the attempt frequency for the desorption of Na adsorbed on Wa is 1013 s-l and the
activation energy for desorption is 800 kJ/mol what will be the rate-of ,llesomfion of Na atoms at
5oo K? j*r6*rs. (8 pts)
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