CHM 106
Exam |

1. The Diels-Alder reaction is an important synthetic pathway in organic chemistry. In the
prototypical reaction, ethylene reacts with butadiene to form cyclohexene:

CoHa(g) + C4He(g) — CeHiolg)

When kinetics experiments are performed on this reaction, a plot of In k versus 1/ T is linear
with a slope of -1.38x10* K™ and y-intercept of 16.12.

a) What is the activation energy for this reaction?
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b) What is the value of the frequency factor A?
o A 1R
19\ |
A- ¢ ’ I | 002 #is }
/,_’—-————"‘

¢) What is the value of the rate constant at 200 °C?
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2. In the gas phase, fluoromethane and water are in equilibrium with methanol and hydrogen
fluoride:

CH;3F(g) + HO(g) == CH;0H(g) + HF(g)
For this reaction, K = 0.85 at 100 °C.

a) What is the value of the pressure-based equilibrium constant K, when pressures are given in
atmospheres and concentrations are given in molarity?
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b) Write an equilibrium expression for this system that relates the appropriate partial pressures
to the equilibrium constant K.
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¢) Suppose a vessel is charged with P, = Py, = Py oy = Py = 1.0 atm. Which direction

does the system need to shift in order to reach equilibrium?
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d) What are the equilibrium concentrations of all species in this reaction?
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3. One of the sources of acid rain is the production of nitric acid from nitrogen oxides in the

L - atmosphere:
N2Os(g) + H20(g) — 2 HNOs(g)
Some kinetic data were acquired for this reaction:
[N2Os]o (mol /L) [HyOJp (mol/L)  Initial Rate (mol /L -s)
e 1.3x107 0.015 1.91x10™
1 26x107 0.015 3.82x10™
3+ 2.6x107 0.030 1.53x107
a) What is the differential rate law for this reaction?
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b) What is the value of the rate constant?
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¢) On a very humid day at 25 °C, the air contains a concentration of [H,O] =0.0014 M. The
typical urban environment has a concentration of [N;Os] = 2. 4x10™ M. At what rate is nitric
acid produced under these conditions? 653 )
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d) Assuming the rate of nitric acid production in part (c) is constant, how long does it take to
accumulate 1 .0x10® mol of HNO; | per liter of a1r‘7 : :
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4. Explain the following phenomena:

a) While the first order reaction CsHoBr(ag) + HO(/) — CsHoOH(aq) + HBr(ug) can reach
90% completion (90% of the reactants are consumed) within an hour or two, it will never reach
100% completion.
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b) For the reaction 2 Ha(g) + Ox(g) = 2 Hy0(g), K = 5.4x10°7 at 25 °C. but the rate of
formation of H,O(g) is imperceptibly low.
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¢) Termolecular elementary steps in a reaction mechanism are exceedingly rare.
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5. In areaction similar to the one we performed in the laboratory, n-butanol reacts with acetic
acid to form n-butyl acetate and water under nonaqueous conditions:

n-BuOH(/) + AcOH(/) == n-BuOAc(/) + H,O())
The equilibrium constant for this reaction is K = 4.24.

a) Write an equilibrium expression for this reaction that relates the appropriate concentrations to

the equilibrium constant.
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b) Suppose an empty flask is charged with initially with only [#-BuOH]y = 6.00 M and
[AcOH]o = 8.00 M. What is the equilibrium concentration of the product n-butyl acetate?
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¢) In many organic reactions in which water is formed, the water can be separated from the
reaction mixture by distillation. Use Le Chatelier’s principle to explain how such a procedure
would improve the yield of the product n-butyl acetate.
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For the remaining questions, circle the letter that corresponds to the best answer.
6. Under what conditions will the following reaction proceed left to reach equilibrium?

4 NH3(g) +70xg) == 4 NOx(g) +6 Hx0(g)

{
® K<l Cr2d" L)
© o>k T T
D) Q<K
(E) Q=K

7. What is the overall order of the reaction shown below?
Clog) + 3 Falg) — 2 ClFi(g)

{A) First order
(B) Second Order
(C) Third Order
(D)  Fourth Order
The order cannot be determined from the information given.

8. In aqueous solution, iron (II) reacts dipyridyl to form the tris(dipyridyl)iron (II) complex. as
shown below. If [Fe*'] is held constant while [dipy] is doubled, the initial rate will:

Fe''(aq) + 3 dipy(ag) — Fe(dipy)? (ag)  rate = k[Fe**|[dipy[’

3
(A)  double : o U‘\"ﬂ
(B) triple AR
(C increase by a factor of 6 2‘ )
increase by a factor of 8

(E) increase by a factor of 9

9. In 6 M HCI, the complex ion Ru(NH,)," decomposes into a variety of products. The
reaction is first order with respect to Ru(NH.)," and has a half-life of 14 hours at 25 °C. Under

these conditions. how lone will it take for [ Ru(NH V7" 1to decrease to 12.5% of its initial value?

SD“ — ‘bl‘l. — (‘L‘S?

(A) 2.7 hours BT LY Lo .
(B) 14 hours tvh A "
(C)  28hours. o :

D) 35 hours
o 42 hours
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10. When the concentration of substance B in the reaction below is doubled, all other factors
being held constant, it is found that the rate of the reaction remains unchanged. The most
probable explanation for this observation is:

2 Aag) + B(ag) = 2 C(aq)

(A)  The order of the reaction with respect to B is 1.

(B)  Substance B is not involved in any of the steps in the mechanism of this reaction.

@ Substance B is not involved in the rate determining step of the mechanism, but is
involved in other steps.

(D)  Swubstance B is probably a catalyst. and as-such its effect on the rate of reaction
does not depend on concentration.

(E) The reactant with the smallest coefficient in the balanced equation generally has
little or no etfect on the rate of the reaction.

For problems T1-14. consider the following disturbances to svstems at equilibrium and predict
ifhie nature of the shitt in the equilibrium position.

11. (NH4):CO3(s) is removed from the system (NH4),COs(s) = 2 NH3(g) + COx(g) + HoO(g)

(A)  The equilibrium position will shift left.
(B)  The equilibrium position will shift right.
@ The equilibrium position will not change.

12. The total pressure is increased on the system CO(g) + 2 Hy(g) = CH;0H(g)

A)  The equilibrium position will shift left.
@ The equilibrium position will shift right.
(C)  The equilibrium position will not change.
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13. The exothermic reaction CHs(g) + Cla(g) = CH;Cl(g) + HCI(g) is heated
@ The equilibrium position will shift left.

(B)  The equilibrium position will shift right.
(C)  The equilibrium position will not change.

I4. NaOH(ug) is added 10 2 HyO() + 5 ClO (aq) == 2 Cly(ug) + ClO; (ag) 4 OH (aq)

@ | The equilibrium position will shift left.
(B)  The equilibrium position will shift right.
(€)  The equilibrium position will not change.



15. For the reaction NOy(g) + CO(g) — NO(g) + CO(g), spectrophotometric studies were
performed that monitored the concentration of the brown NO; over time:

In [NO;] vs time:

Time (s)

1 /[NO,] vs time:
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Whatis the arder of the reaction with respect to NO-?

(A) Zero order
(B First order
d Second order -
(D)  Third order . , .
(E)  The order cannot be determined from the information given.



