Chemistry 10123, Exam 3 Answer Key
March 25, 2020

1. In a detailed kinetic study of the following gas-phase reaction, [CINO7] was monitored as a function
of time. The experimental data is tabulated and plotted below. Use this information to answer the
following questions.
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(a) (7 points) Write the rate law for this reaction. In 25 words or less, explain how you arrived at
your answer. (No calculations are needed here!)

rate = k[CINO2]

Since the plot of In[CINO2] vs time is linear, the reaction must be first order. The
integrated rate law is shown below in part (d).

(b) (3 points) The half-life of this reaction is 75 sec. (Again, no calculations!)

(c) (3 pointsy SHOW ALL WORK. Determine the rate constant (k) of this reaction including proper
units.

k=In2/tq/2 = In2/75sec = 9.24 x 10-3 sec-1

(d) (7 points) SHOW ALL WORK. Determine the molar concentration of CINO, after the reaction
has been in progress for 10.0 min from the start.

In[CINO9Jt = -kt + In[CINO]g
= -(9.24 x 10-3 sec-1)(600 sec) + In(0.800)

In[CINO9]t = - 5.767

[CINOo}t = e-9-767 = 0.00313 M
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2. (10 pointsy SHOW ALL WORK. The energy of activation of a certain reaction is 145 kJ/mole.
Determine the temperature (in °C) at which the rate of this reaction is 1,000 times faster than it is at
25 °C (assuming the same initial concentrations).

In(ko/kq1) = - Eg/R[1/To - 1/T4]
In(1,000) = -(145 kJ/mole)/(8.314 x 10-3 kJ/mole-K) (1/To - 1/298 K)
6.908 = -(1.744 x 104) (1/To - 3.356 x 10-3)
1/To - 3.356 x 10-3 = -3.961 x 10-4

Ty = 338K = 65°C

3. (7 points) Sketch and correctly label a "reaction coordinate diagram" for an exothermic reaction.

Such diagrams are used in the Transition State theory of reaction rates.

Activation energy is the
combined kinetic energy
E that the colliding particles

s -
must have for the reaction
to occur.

Reactants

In an exothermic reaction,

AH (heat of reaction) AH is negative.

Potential energy =

Products

Reaction coordinate
(progress of reaction from reactants to products)

4. The experimental rate law for the following reaction is found to be: rate = k[N>Os].
NyO5 + O3 —— 2NOpy + 209
(a) (3 points) In 25 words or less, explain why this reaction cannot occur by a one-step mechanism.

Since the rate does not depend on [O3], O3 cannot be a reactant in the slow step.
Therefore more than one step is required.

(b) (7 points) Propose a reasonable two-step mechanism for this reaction that is consistent with the
experimental rate law. Clearly indicate which step in your mechanism is the rate-determining
step. If your proposed mechanism contains an intermediate, circle it.

slow: NoOs —— NO2 + NOj3 (intermediate is NO3)
fast: NO3 + O3 —— NO2 + 202

overal:: N2O5 + O3 —— 2NO2 + 202

predicted rate law (based on slow step): rate = k[N2Os]
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5. A kinetic study of the following gas-phase reaction gave the concentration vs initial rate data
summarized below.
NO + SO3 —— NOp + SOy

initial rate

Expt [NOJ [SO3] (mole/L-sec)
(1) 0.150 0.250 1.65 x 10-4
) 0.450 0.450 5.35x 10-4
(3) 0.150 1.350 4.81 x 10-3
4) 0.150 0.450 5.35x 10-4

(a) (10 points) Determine the rate law for this reaction. Clearly SHOW how you arrive at your
answer.

Expts 1 and 3 (constant NO):
{[SO3]3/[SO3]4}* = rate3/ rateq
(1.35/0.25)X = (4.81 x 10-3) / (1.65 x 10-4)
5.4X = 29.15 . X =2  (2nd order in SO3)
Expts 2 and 4 (constant SO3):
{INO]2 / [NO]4}Y = ratep /ratey
(0.450/0.150)Y = (5.35 x 10-4)/ (5.35 x 10-4)
3y =1 Ly =0 (zero order in NO)
rate = k[SO3]2

(b) (4 points) Determine the value for the rate constant (k) for the above reaction. SHOW ALL
WORK (including proper units).

k = rate/[SO3]2 = (1.65 x 10-4 mole / L-sec) / (0.250 mole / L)2

k = 264x103L/ molessec  (or M-1sec 1)
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6. (8 pointsy SHOW ALL WORK. For a certain reaction, AH® = -95.2 kJ and AS°® = -157 J/K.

Determine ASgyr and ASypiy (in J/K) for this reaction at 850 K. Based on these results, is the
reaction spontaneous at this temperature? Explain briefly (but do not exceed the allotted space!).

The reaction is exothermic, releasing heat which increases the entropy of the surroundings.
ASsurr = - AHgys /T = -(-95,200 J)/ (850 K) = + 112 JIK
ASuniv = ASgys *+ ASgyrr = - 157 JIK + 112 J/K = - 45 JKK

The reaction is NOT spontaneous because the total entropy of the universe would
decrease which is contrary to the second Law of Thermodynamics.

7. (3 points) For a chemical system in a state of dynamic equilibrium, AH is equal to which of the
following? Circle any that apply.

AS/R Ecell log Q AE/n AG TAS - RTInK

8. (8 pointsy SHOW ALL WORK. An 80.0-L volume of an ideal gas in a cylinder with a piston is at a
pressure of 3.0 atm. While the system is held at constant temperature, enough weight is placed on
the piston to increase the external pressure to 10.0 atm. For the resulting process, determine q (heat)
and w (work) in units of kJ, and with proper signs. (Note: 1 L-atm =101.3J)

P1V1 =P2oVo (3.0 atm) (80.0 L) = (10.0 atm) Vo
Vo = 24L
w = -PAV = -(10.0 atm) (24 L-80L) = + 560 L-atm (work is done on system)
w = (560 L-atm) (0.1013 kdJ / L-atm) = 57 KJ
AE =q+w=0 (since T is constant, AE =0 for an ideal gas)

q=-w=-57kJ (system loses heat to surroundings)
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9. In a potential hydrogen-based economy, one possible source of hydrogen would be the oxidation of

natural gas with steam at high-temperature as in the following reaction. Some relevant
thermodynamic data is also tabulated below.

CH4(g) + 2 H20(g) p—— COz(g) + 4 H2(g)
Compound AH®f (kJ/mole ) S° (J/mole-K)
CHy(o) -75 186
H>O( ) -242 189
CO2(0) -394 214
Hy (o) 0 131

(a) (10 pointsy SHOW ALL WORK. Determine whether this reaction is spontaneous at 25 °C by
calculating the appropriate thermodynamic quantity.

AH® = (-394) + 4(0) - [(-75) + 2(-242)] = 165kJ
AS° = 214 + 4 (131) - [186 + 2(189)] = 174 J/KK = 0.174 kJ/K
AG® = AH® - TAS® = 165 kJ - (298 K) (0.174 kJ/K) = + 113 kJ

Positive AG indicates that the reaction is NOT spontaneous at 25 °C.

(b) (10 pointsy SHOW ALL WORK. Calculate the temperature (in °C) at which the equilibrium
constant (K) for this reaction is equal to 100.

AG = AH° - TAS® = -RT InK (assuming that AH° and AS°® are temp independent)
rearranging: T = AH/(AS - R InK)

T = (165kJ) /[ (0.174 kJ/K - (8.314 x 10-3 kJ/K) In(100) ] = 1216 K

T =1,216-273 = 943 °C



