Chemisiry 4A, Exam III Name

October 27, 1999
Professor R.J. Saykally TA
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Rules:

* Work all problems to 2 significant figures

* No leciure notes or books permitted

* No word processing calculators

* Time: 50 minutes

* 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 & = 9.80665 m s~2 (exactly)

Avogadro’s number No = 6.022137 x 102
Bohr radius - ag = 0.52917725 A=5.2917725 x 10~"'m
Boltzmann's constant kg = 1.38066 x 1072 ] K™!
Electron charge e= 16021773 x 107 C
Faraday constant % = 96,485.31 C mol™!
Masses of fundamental particles:
Electron m. = 9.109390 x 10~3' kg
Proton my = 1.672623 x 10~%" kg
Neutron my = 1.674929 x 10~% kg
Ratio of proton mass to electron mass my/m, = 1836.15270
Permittivity of vacuum € = 8.8541878 x 10712 C2 j-l !
Planck’s constant h=6.626076 X 10734 s
Speed of light in a vacuum ¢ = 299792458 x 10®m s~! (exactly)
Universal gas constant R =2831451 I mol"! K™!

= 0.0820578 L. atm mol~! K™!

‘alues are taken from ‘‘Quantities, Units and Symbols in Physical Chemistry,”” International Union of Pure and Applied Chemistry, Blackwell Scientific
ublications, 1988.
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Standard atmosphere 1 atm = 1.01325 x 10° Pa = 1.01325 X 10°kg m

s2 (exactly)
Atomic mass unit 1u = 1.660540 x 10~ kg
lu=1.492419 x 107'°] = 931.4943 MeV (energy equivalent
from E = mc?)
Calorie 1 cal = 4.184 J (exactly)
Electron volt l1eV = 1.6021773 x 107 J = 96.48531 kJ mol ™!
Foot I1ft=12in = 03048 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 0z = 0.45359237 kg (exactly)




Chemistry 4A F’99, Exam III Name
I.

(4 points each)
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Professor Ahmed Zewail won the 1999 Nobel Prize in Chemistry. Briefly describe the work for
which he was recognized.
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B) The chemical formula for the Strongest (measured) Acid in the World is ,‘ H ol oDTe,
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but the strongest theoretically predicted acid is f _ B
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( C) The rigorous definition of pH is il W , and the pH range of water is

0- 14

D) Define the Hammett acidity function.
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E) State the Principle of Detailed Balance (or microscopic reversibility).
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Chemistry 4A F’99, Exam III Name

II. (10 points) In class we measured the rate of the “iodine clock reaction” at several temperatures.
Use the following data to calculate E, for this reaction (t is the time required for blue color to appear).

T(°C) t (sec)
¥217.5 29
kv 10.5 36
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Chemistry 4A F’99, Exam III Name

III. (5points each) Let’s examine the collision theory result for the bimolecular reaction of H,
with C,H, at 273 K.

A) Calculate the reduced molar mass (in kg)
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B) Calculate the average relative speed (SRT/mp)!/?
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Chemistry 4A F’99, Exam III Name

C) Calculate A (A=5C, N, ) given that the collision cross section is 4.6 x 1019 m?

D) The measured value of A is 1.24 x 105, Compute the steric factor for the reaction.
w?
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E) Describe the effects that the steric factor corrects for.
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IV. (10 points) The mechanism for the decomposition of NO,Cl is
ki

NO,Cl & NO, + (]
ko

k2
NO,Cl + Cl — NO; + Cl,

By making a steady-state approximation for [Cl], express the rate of appearance of Cl, in terms of
the concentrations of NO,CI and NO,.
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Chemistry 4A F’99, Exam III Name 6

V. (54545 points) The Lindeman mechanism accounts for the decomposition of N,Os with apparent
first order kinetics at high pressure. One can construct a mechanism and apply the steady state
approximation to produce a differential rate law that gives this behavior.
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A)  Write out the Lindeman mechanism for this process. - -~/ ¢/ /07
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C) Obtain the appropriate limit of the above result.
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Chemistry 4A F’99, Exam III Name

VI. (10 points) The reaction SO,Cly(g) = SO(g) + Cl,(g) is first order, with a rate constant of
2.2 x 1075 s at 320°C. The partial pressure of SO,Cl,(g) in a sealed vessel at 320°C is 1.0 atm
How long will it take for the partial pressure of SO,Cly(g) to fall to 0.50 atm?
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VIL (10 points) The dimerization of tetrafluoroethylene (C,F,) to octafluorocyclobutane (C4IF8) is
second order in the reactant C,F,, and at 450 K its rate constant is k = 0.0448 L mol ! s, If the
initial concentration of C,F, is 0.100 mol L1, what will its concentration be after 205 s?




