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1. (20 points; 4 points each part) Circle the correct answer to each of the following.

a. Consider the reaction CH,(g) + 2H,S(g) - CS,(g) + 4H,(g), for which the rate is defined as
Rate = d[CS,)/dt. At any time in the course of this reaction, the rate of disappearance of
H,S(g) is equal to

Rate 4 x Rate Y4 x Rate Y x Rate

b. The reaction AB(g) -~ A(g) + B(g) has the rate law Rate = k[AB] and has a half-life of 16.0s.
If the initial concentration of AB is 1.00 mol/L, what will be the concentration of AB after
24.0s?

0.000 mol/L.  0.177 mol/L 0.630 mol/LL  0.667 mol/L

c. For the reaction described in part b, what is the value of the rate constant, &, with the
appropriate units?

0.0289 L/mol/s . 0.0433 s") 0.0722 s 1.00 L/mol/s 1.50s"

d. Kinetic data are collected for the reaction described in part b at several temperatures, and a
value of % is determined at each temperature. Which of the following plots of these data
would yield the indicated information?

A plot of k vs. T should be a straight line with a slope equal to E,.
A plot of In k vs. 1/T should be a straight line with a slope equal to E/R.

Q—piot of In k vs. 1/T should be a straight line with a slope equal to —E/R.)

A plot of k vs. 1/T should be a straight line with a slope equal to —E/R.

A plot of 1/k vs. T should be a straight line with a slope equal to £ /R.

e. For the reaction described in part b, at any temperature a plot of In [AB] vs. ¢ (time) should
give a straight line whose slope is

E, in [AB], @ t, In4
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2. (16 points) Consider the reaction equilibrium

3NO(g) = NO,(g) + N,O(g)

for which AH° =-155.7 kJ/mol in the forward direction.

a. (4 points) An empty one-liter vessel is charged with 0.882 mol NO(g). When equilibrium is
established at 300 K it contains 0.186 mol of N,O(g). Fill in the following table with the

missing information.

3NO(g) - NO,(g) + N,0(g)
Initial (mol/L) 0.882 0 0
Change (mol/L) —0,5¢¢ +0.186 +0.80
Equilibrium (mol/L) ©.324% 0.186 ©.1%6

b. (6 points) In the space below, write the expression for the equilibrium constant X, for the
reaction, and calculate its numerical value.

= IND TEN, 01 (0.08L)( e, 180D

& Laol?

Co,>2u4d®

=\.02

c. (3 points) If additional NO(g) were added to the equilibrium mixture, would the reaction
form more products, more reactant, or stay the same?

Answer Wove fr-aafu. Ei‘ <

d. (3 points) If the temperature were decreased, would the new equilibrium mixture contain
more products, more reactant , or stay the same?

Answer WM\ ov+¢ de‘i
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. (24 points) Consider the equilibrium

Hy(g) + L,(g) = ZHKg)

for which K= 47.9 at 458 °C. A one-liter vessel at 458 °C is found to contain 0.600 mol
H,(g), 0.600 mol I,(g), and 0.600 mol HI(g).

. (4 points) Will the reaction proceed to the right or to the left to achieve equilibrium?

Answer () ?j/{‘i-

. (20 points) Calculate the concentrations [H,], [L,], and [HI] for the system when equilibrium
is established at 458 °C. (Show work in the space provided.} [Note: This calculation does
not require solving a quadratic equation. ]

W --.‘I.,,ua) ﬂ)\-\lc@ K:43,4
Wbeiuwm 0.L00-% Olbto-x 0,600 +2x |

A ' b

_WRTAT  _anq = (0G00 ~2%)

K= Gamn = ™ " o600 )2
0,600+
LAz = 0.L00 —*%

>
R.a2w =255,
x = ©.%4¢

t\'\;t& = Y,T-;—& = 0.00 —0,24% = 0,202 M/L_
THIs 0.000 + (0.2 2 1, 4D uwd /L

Une et .
- (2 < 413 S ox
C

" D.202)"
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4. (20 points) The catalyzed reaction A,(g) + 2C(g) - 2AC(g) is thought to proceed by the
following mechanism:
k
Step1:  A,(g)+B(g) A,B(g)
ky
Step2:  A,B(g)+2C(g) > 2AC(g) + B(p)

The reaction profile for this two-step mechanism is shown below.

Energy

2AC +8B

AB+2C
A, +B+2C

Progress of Reaction

(3 points) Identify any reaction intermediate species. A 3 B

Lt

. (3 points) Identify the catalyst species. &

o

[g]

. (4 points) Which step (Step 1 or Step 2) is rate determining? 51&'? A

d. (4 points) Write the rate law expression for each step.

rate, =~%ECA ;”;B.l rate, = @;,Q,bltc. l’—

. (4 points) Is the proposed mechanism plausible if the observed rate is Rate = k[A,]{B]?
o

2 points) Is the overall reaction exothermic or endothermic? CV\J&MPW\ o
(2po

o

]
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5. (20 points) All parts of this question and the bonus question on the next page refer to the
hypothetical reaction

X,+Y+Z~XY+XZ

a. (15 points) The following data were collected for the rate of the reaction.

Exp | X1 (M) | [YI(M) | [Z] (M) | Initial Rate (M/s)
1 | 0100 | 0.160 | 0.140 120 x 107
2 | 0400 | 0160 | 0140 | 240x107 |3 Reke< w17
3 0.100 | 0.640 | 0.140 480x10° = Q.hew W]
4 | 0100 | 0.160 | 0.420 3.60x10% = Bakex L2]

. A
What is the rate law for the reaction? Rate =k c-y*a.]&[.\{l(l;l

b. (5 points) What is the value of the rate constant, k, with the appropriate units, based on the
data from Experiment #1? (Show work in the space below)

- L2oxis * M /s _ 3,
% (O 0O We (BN loMY O aoM) LeAm ™ g

w See next page for bonus question related to this question. ®
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BONUS (5 points) The following mechanism has been proposed for this reaction.

k
ky
X+Y+2Z -——]@»XYZ slow

X+XYZ —B XY+XZ  fast

Prove that this mechanism has a rate law consistent with the correct observed rate law in part a.

Rake = vate, = €, oxiivate]l
_ \ V2 Y
0%, =% LK1 = (A1 = (%__) 172

> Ruke =, (%)V‘uj@w 1z}




