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Directions:
You may use ONE nonprogrammable calculator and ONE 3-ring binder for this test.

You may remove your goggles and lab coats when completing the test portion of this event.

Answer all questions in the test book. A periodic table is included as the last page of this test.
You may separate the pages of this test and the answer booklet, however, if you choose to do so,
please ensure that your team name and number is written at the top of each page. Failure to
include this information on each page of the answer booklet may result in a scoring error.

You have 50 minutes to complete this event. The event is composed of two short lab
experiments as well as test questions. The event has a maximum score of 100 points — 50 for
questions related to intermolecular forces, and 50 for questions related to material performance.
The points available for each question are indicated.

Answer all questions in the provided answer booklet. You may write on the test, however, any
work done in the test booklet will not be scored.

Team Name: Team Number:




Part I: Material Performance (50 points)

Questions 1 and 2 must be performed over a 30 minute interval, so start this section first. You
should work on other sections of this test while completing these questions.

A. Creep Rate

1. You have been provided a container of Silly Putty, a sheet of wax paper, a ruler, a
stopwatch, and a sheet of grid paper. Form the Silly Putty into an inverted cone shape
— like that of a witch’s hat or Hershey Kiss, with a circular base. Place the wax paper
on top of the grid paper, and the Silly Putty on top of the wax paper. Draw a circle
around the base of the Silly Putty or note its diameter from the grid paper. Each line
on the grid paper is spaced 1 mm apart.

At approximately five minute intervals, draw another circle around the base of the
Kiss, or record its diameter based on the grid paper. Record the time (from the
stopwatch) at which each circle was drawn. The intervals should be close to five
minutes, but need not be exact so long as the actual time is recorded for each circle.

After a minimum of 30 minutes, remove the Silly Putty from the wax paper and
return it to its container. If you traced on the wax paper, save it — you will need it to
complete this section.

Construct a data table that includes time and the corresponding value of creep for that
time. In this experiment, the value of creep is defined as the percent enlargement in
the area of the base. You can obtain this value from the circles drawn on your wax
paper or the corresponding diameter measurements. You may choose to include any
intermediate calculations performed in your table if desired. Show all calculations.

Place your table and calculations on the supplied answer booklet.
[5 points]

2. Construct a graph of creep vs. time, and using the graph, provide an estimated value
of the creep rate.

Please construct your graph on the grid provided in the answer booklet.
[5 points]



3. The creep curve for a typical metal is shown in the figure below.
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Which condition likely caused this metal to “creep”?
a. Cryogenic conditions
b. High weight
c. Salt water conditions
d. High temperatures

4. In the first stage of creep, the creep rate decreases with increasing time. What is the
scientific origin of this behavior?
a. Annealing
b. Strain hardening
c. Elastic deformation
d. Fracture

5. The metal melts at 1240°C. Estimate the temperature above which creep will occur.
a. 413°C
b. 504°C
c. 231°C
d. 1240°C
[#3-5: 2 points each]



B. Stiffness of material

6. The following set up has been provided:

l

A wire is held at one end of a long plank, and is hung over a pulley at the other end
and loaded in the downward direction by the addition of masses.

A point on the wire, corresponding to the length “I”, is marked using a small piece of
masking tape. Underneath this point is a millimeter ruler. Note the position of the
tape on the ruler, estimating to the nearest 0.1 mm. In this experiment, 1=1.9000 m.

A container with a fixed mass is hung from the end of the wire. Do not include this
mass in your calculations — the length is calibrated against this fixed mass, which is
necessary to keep the wire from sagging. A series of 500 gram masses has been
provided. Place in the first mass, and record the current position of the masking tape
in order to determine the distance “x.” In this experiment, “x” is the distance that the
masking tape has moved with the addition of the loading — or its initial position
subtracted from its current position.

Add each additional 500 gram mass until a total mass of 2.5 kg has been loaded, and
record the value of “x” for each, estimated to the nearest 0.1 mm.

Construct a data table that includes the stress in the wire and the strain of the wire.
You may choose to include any intermediate calculations performed in your table if
desired. Show all calculations. Place your table on the supplied answer sheet.

[5 points]

7. Construct a plot of stress vs. strain on the grid provided in the answer booklet. Use
this table to estimate Young’s Modulus for the wire.
[5 points]



8. Which class of materials generally has the highest Young’s Modulus?

Metals

o

b. Polymers
c. Ceramics
d

Composites

Questions 9 makes use of the figure below, which shows a stress-strain curve for an

unknown material.
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9. Based on this curve, the material is most likely

a. Ductile
b. Brittle

10. Write the following in order of increasing Young’s Modulus: Aluminum, Diamond

Pine, Rubber.

[#7-10: 2 points each]

C. General properties and material characterization

11. The main types of materials are metals, ceramics, polymers, and composites. For
each of the materials listed below, indicate the type to which it belongs.
a. Aluminum reinforced with silicon carbide particles.

Copper

-~ ® o0 o

Polytetrafluoroethylene (“Teflon™)
Silicon dioxide
Carbon fiber reinforced epoxy

Polyvinyl chloride

[1 point each]



12. Yield strength is defined as the strength at which a material

a

b.
C.
d.

Experiences tensile failure
Fails under cyclic loading
Fails under a suddenly applied load
Experiences permanent deformation

13. Magnesium has an atomic number Z=12. The electron configuration for a
Magnesium ion with a +2 charge is:

a

b.
C.
d.

15%25%2p°3s
1s%25%2p°
15%25°2p°3s*
15%25%2p®3s%3p?

14. Modern bronze is made of

a.

b.
C.
d

Copper and zinc
Copper and silver
Copper and tin

Copper and magnesium

15. What would be the hybridization in a single bond between C-ClI in a molecule of

CCl,?
a.

b
C.
d

s-sp

N W

. S-Sp

P-sp
P-sp

w N

16. If a viscous fluid flows steadily in a pipe, the fluid speed

a.

© oo o

Is the same at the pipe wall and center, but is greater in between.
Is the same at the pipe wall and center, but is smaller in between.
Is least near the pipe wall, but increases toward the center.

Is greatest near the pipe wall, but decreases toward the center.
Must be uniform across any cross section.



17. An experiment was performed that measured the flow rate of four different liquids as
the temperature was increased.
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According to the graph, which of the liquids had the greatest viscosity at a temperature of
30°C?

Fluid A

Fluid B

Fluid C
Fluid D

oo o e

[#12-17: 2 points each]

Part I1: Intermolecular Forces and Surface Chemistry (50 points)

The figure below shows the atomic arrangement in graphite. Use this figure to answer problems
18 and 19.

3358

le




18.

19.

20.

21.

22.

Which of the following explains why graphite is a good solid lubricant?

a

b.
C.
d.

In-plane bonding in graphite is only van der Waals’ forces.
Out-of-plane bonding in graphite is only van der Waals’ forces.
In-plane bonding in graphite is covalent and metallic.
Out-of-plane bonding in graphite is covalent and metallic.

Which of the following explains why graphite is a good electrical conductor?

a

b.
C.
d.

In-plane bonding in graphite is only van der Waals’ forces.
Out-of-plane bonding in graphite is only van der Waals’ forces.
In-plane bonding in graphite is covalent and metallic.
Out-of-plane bonding in graphite is covalent and metallic.

What is the coordination number for the Body-Centered Cubic (BCC) structure?

a.

b
C.
d

6

. 8

10
12

What is the shape of the primitive unit cell of the Body-Centered Cubic (BCC)
structure?

a.

b
C.
d

Cubic

. Tetragonal

Rhombohedral
Hexagonal
[#18-21: 2 points each]

The figure below shows octahedral coordination, in which six nearest atoms of radius
R surround an atom of radius r, with R being larger than r. This coordination is often
known as the rock-salt structure and is found in compounds such as sodium chloride.

Ccr




Calculate the minimum r/R ratio for this coordination to be stable. Show your
calculation and the final answer in the answer book.

(0
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23. On what Bravais lattice is the structure in problem 22 based?
a. FCC
b. BCC
c. HCP

Hint: Use the following diagram.

[5 points]

24. The reason that vacancies are always present in the lattice is
They are equilibrium defects.

Crystals are not perfect.

They are easy to form.

There is an activation energy for their formation.

oo o

25. If a liquid wets the surface it falls on (like water on glass), what is the approximate
contact angle?
a. Lessthan 90°
b. Exactly 180°
c. More than 90°
d. 45°

26. The bonding between the molecules of liquid hydrogen is
Hydrogen bonding.

Network bonding.

Van der Waals’ forces.

Non-polar bonding.

o0 o



27. The adhesion of a gas or liquid to a surface is called
Adsorption.

Bonding.

Meniscus.

Absorption.

o0 o

28. As water temperature increases from 0°C to 100°C, what happens to the surface
tension?
a. Increases
b. Decreases
c. Stays the same

29. The body-centered cubic (BCC) and face-centered cubic (FCC) latties
Have different packing factors.

Both contain close-packed planes.

Have the same stacking sequences of the close-packed planes.
All of the above.

oo o

30. Hexagonal Close Packed (HCP) metals include
a. Magnesium.
b. Zinc.
c. Titanium.
d. All of the above..

31. The number of atoms in a unit cell of BCC, FCC, and HCP metals are
4, 2, 6 respectively
6, 4, 2 respectively
2, 4, 6 respectively
None of the above

o0 oe

[#23-31: 2 points each]
Use the following information to answer questions 32 and 33:
Copper exhibits the FCC structure. Its atomic radius is 1.28 A.

32. Calculate the lattice constant (in A) of copper, i.e., the length of an edge of the
conventional cubic unit cell.

[5 points]

33. Calculate the packing factor of copper, i.e., the fraction of space that is occupied by
atoms. [5 points]

10



34.

35.

36.

37.

38.

Give the Miller indices of the family of close-packed planes in copper. Use the
conventional notation for indicating a family of planes (e.g. {0 0 0}).

[1 point]

What causes the different physical properties between graphite and diamond?
a. Diamond is harder.
b. Location where each is formed.
c. Internal arrangement of carbon and hydrogen atoms.
d. Internal arrangement of carbon atoms.

The figure below shows a molecule of Polyvinyl Chloride (PVC).

H H H H H H H H
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H Cl H C‘l H Cl H Cl

| —
mer

A molecule of PE is the same in composition as that of PVVC except that each Cl
(chlorine) atom is replaced by an H (hydrogen) atom.

Which of the following best explains why PVC is stiffer than PE?
a. PE exhibits ionic bonding, while PVC exhibits covalent bonding.
b. Hydrogen bonding occurs in PVC.
c. Hydrogen is lighter than chlorine, so PE is less dense than PVC.
d. PVC tends to form longer chains than PVC.

Four sigma bonds emanate from the central atom “M” to four atoms of element “X”".
What is the most probably structure for the compound MX,?

a. Tetrahedral

b. Trigonal pyramidal

c. Planar

d. Octahedral

What allows the molecular flexibility of an organic polymer?
a. Alternating single and double bonds between the carbon atoms
b. Single bonds involving a single pair of electrons
c. Multiple covalent bonds involving two or more electron pairs
d. Triple bonded carbon atoms
[#35-38: 2 points each]
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Materials Science Answer Sheet

Team Name:

Team Member Names:

1.

Team Number:

Time

Creep




Creep Rate:




Team Name: Team Number:




Young’s Modulus:




Team Name: Team Number:
8.
10.
11. a.

b.

C.

d.

e.

f.
12. 13. 14,
15. 16. 17.
18. 19. 20.

21.




22.

Answer:

23. 24.
26. 27.
29. 30.
32.

Answer:

25.

28.

31.




33.

Answer:

34.

35. 36.

38.

37.




