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1) In the synthesis of ammonia, Ny(g) + 3H; (g) = 2 NHs(g) if -A[H;] / At=4.5 x 10 mol/L-min, what

is A [NH3]/ At ? (S points)
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2) Data for the reaction 2NO(g) + O, (g) = 2 NO, (g) are given in the table l(:) E‘; Vo Q
Experiment Reactant Concentration (mol/L) Initial rate
[NO] [07] mol/L-h
1 36x10°  52x10° 34x10°
2 36x10°  1.04x107 6.8x10°
3 18x10°%  1.04x 107 1.7x10°
4 18x10*  52x10° 279
2a) What is the rate law for this reaction? (10 points)
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2b) What is the rate constant for this reaction? " (5 points)
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2¢) What is the initial rate of the reaction in Experiment 4? ' (5 points)
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3) Identify which of the following statements are incorrect. If the statement is incorrect, in a maximum

of TWO sentences, explain why.
3a) Reactions are faster at a higher temperature because activation energies are lower. (4 points) ~
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3b) The rates of reactions increase with increasing concentration of reactants because there are more
(4 points)

collisions between reactant molecules.
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4) Explain briefly why the rate of a catalyzed reaction is faster than the rate of an uncatalyzed reaction.
Draw a reaction coordinate diagram for a one-step reaction mechanism illustrating the difference(s)

between a catalyzed and uncatalyzed reaction. (9 points)
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5) A proposed mechanism for the reaction: NO; (g) + CO(g) = NO(g) + CO; (g) is

Stepl: Slow, endothermic 2 NO; (g) =2 NO(g) + NOs(g)
Step 2: Fast, exothermic NO;(g) + CO(g) 2 NO; (g) + CO; (g)
Overall: Exothermic NO; (g) + CO(g) 2 NO(g) + CO; (g)

5a) Draw a reaction coordinate diagram for this reaction. Indicate on this drawing the activation energy
for each step, the overall reaction enthalpy, and where the reactants (NO, + CO) and products (NO +
CO,) of the overall reaction are located. Indicate where the products from step 1 (NO + NOj3) are
located. Label the y-axis. (10 points)
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5b) What rate law does the proposed mechanism predict for the overall reaction? In ONE sentence
explain how you determined the rate law. (5 points)
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6) The ozone in the earth’s ozone layer decbmposes according to the equation:
203(g) 23 02(g)
The experimentally determined rate law is found to be second order in O3 and a —1 order in O,.

6a) Write an expression for the rate law for this reaction. (5 points)
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6b) A proposed mechanism for this reaction is

k
Step 1: Fast, equilibrium 03(g) =—» O7(g) +O(g)
k,
ky
Step 2 Slow O3(g)+0(g) —» 20,(g)

Is this a plausible mechanism for the above reaction? Show all work to justify your answer

- L N (10 points)
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7) The work function for sodium is 3.60 x 10™° J. What wavelength of radiation, in nanometers (nm),

must be supplied to metallic sodium to release an electron with a velocity of 2.89 x 10° m/s?
(10 points)
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8a) When light of a certain wavelength falls on a metal surface, causing electrons to be expelled, as the
intensity of this light increases does the kinetic energy of the ejected electrons increase, decrease, or stay
the same? In one sentence explain your answer. (4 points)
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8b) Does the kinetic energy of the emitted electrons increase, decrease, or stay the same as the frequency
of the light is increased? In one sentence explain your answer. (4 points)
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9) Calculate the energy difference in kJ/mol between two different states of an atom known to absorb at

340.2 nm and 259.7 nm. (10 points)
AQ by é'( - = L \ : /
ars
- i 3 2 \ — ’\_‘ i )\‘D
- he - he o ke (“{ 'AL.> \

A -
e S,

\ N |
AC = é,ZC°8\L\SBVjS < 2.49791 Y\DB% [ 75407 Tm %q"*l)ucf‘fw)'

‘ -V
Nt = L Z10 K\2 B

ls(c < kS/W\L =
2 104.9 23 Jusic



