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Chemistry 1B, Exam III Name
April 15, 1999
Professor R.J. Saykally TA

1. (15)

2. (15)

3. (25)

4. (15)

5. (10)

6. (10

7. (10)

TOTAL EXAM SCORE (100)

Rules:

« Work all problems to 3 significant figures

« No lecture notes or books permitted

¢ No word processing calculators

« Time: 90 minutes

e Show all work to get partial credit

* Periodic Table, Tables of Physical Constants, Conversion Factors included
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Standard acceleration of terrestrial gravity . . g = 9.80665 m 5™2 (exactly) -

Avogadro’s number _ Np = 6.022137 X 10
Bohr radius - ag = 0.52917725 A=5.2917725 x 10~ ' m
Boltzmann’s constant kg = 1.38066 X 107 BT K!
Electron charge e = 16021773 x 10719 C
; Faraday constant F = 96,485.31 C mol™!
g o Masses of fundamental particles:
g Electron m, = 9.109390 x 10~ *' kg
Proton ) m, = 1672623 X 1072 kg
Neutron my = 1.674929 x 107 kg
B Ratio of proton mass to electron mass mp/m, = 1836.15270
Permittivity of vacuum € = B.8541878 x 1072 C* "I m~!
Plunck’s constant h= 6626076 X 1073 s
Speed of light in a vacuum € = 299792458 X 10°m s~ (exactly)
Universal gas constant R =8.31451 Y mol!' K~!

= 0.0820578 L atm mol ™! K™?

Values are taken from *‘Quantities, Units and Symbols in Physical Chemistry,’” International Union of Pure and Applied Chemlstry. Blackwell Scientific
Publications, 1988,

:'_; Standard atmosphere l atm = 1.01325 x 105 Pa = 1. 01325 x 105 kg m™! 572 (exactly)

- Atomic mass unit : 1u = 1.660540 % 10~% kg

4 1u = 1.492419 X 10719] = 931.4943 McV (cnergy equivalent

o from E = mc?)

Calorie 1 cal = 4,184 J (exactly)
Electron volt IeV = 1.6021773 % 10713 = 96.48531 kJ mol™!
Foot 1ft = 12in = 0.3048 m (exactly)
Gallon (U.S.) 1 gallon = 4 quarts = 3.78541 L (exactly)
Liter-atmosphere 1L atm = 101.325 J (exactly)
Metric ton 1 metric ton = 1000 kg (exactly)
Pound 11b = 16 oz == 0.45359237 kg (exactly)
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Chemistry 1B §°99, Exam III Name 1

1. (5pointseach) Consider an electron confined to a 1-dimensional box of length 2.00 nm at 300K.
A. Calculate the energy of the n=3 state. '

B. Sketch the probability for finding the electron in the n=3 state vs. position in the box.

C. Calculate the wavelength of the n=2 — 4 transition.
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Chemistry 1B 5’99, Exam III Name 2

2. (3 pointseach) Aluminum is an important metal.

A. Predict its crystal structure.

B. Sketch its energy bands, labeling the Fermi energy.

C. Astemperature increases, its electrical conductivity

D. If aluminum is doped into silicon, the resulting semiconductor is type,

for which the majority carriers are

E. The electrical conductance of Al-doped Si if the temperature is
raised.

3. (5+10+45+5 points)
A. Sketch the energy bands for Al-doped Si, labeling critical features.
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Chemistry 1B S’99, Exam II1 Name 3

B. Sketch the interface formed by an Al—doped Si crystal and an As—doped Si crystal. Label the fixed
ions and majority carriers, label and show the direction of the recombination and generation currents.

C. Whatis the important physical property of a P-N junctioﬁ?

D. Explain what happens when light with hv > A Eg is shined on a P-N junction.

4. (3 points each)
A. InP absorbs light only at wavelengths below 920 nm. Calculate the band gap.
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Chemistry 1B S§°99, Exam III Name 4

B. Predict (qualitatively) the following properties of the ceramic silicon carbide:

clectrical conductivity

hardness

melting point

C. Which has a higher packing fraction - fcc or bee?

D. The number of nearest neighbors in a fcc lattice is

E. Describe the crystal structure of silicon

every lattice point. Its density at 25°C is 7.86 g cm™. The length of the edge of the cubic unit cell is
2.87 A. Use these facts to estimate Avogadro’s number.

5. (10 points) One form of crystalline iron has a lj')ody—centered cubic lattice with an iron atorn at
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Chemistry 1B S°99, Exam II1 Name 5

6. (10 points) For the following valence electron configurations of a homonuclear diatomic

molecule or molecular ion, identify the element Z;: {025 (GZJZ (622F (map ) (n;p')!, determine the
total bond order, and whether or not it is paramagnetic.

7. (10 points) Sketch and label the frontier occupied molecular orbitals of the valence shell for the
N,* molecule.



