AP® CHEMISTRY
2008 SCORING GUIDELINES (Form B)

Question 2

A(g) + B(g) — C(g) + D(g)

For the gas-phase reaction represented above, the following experimental data were obtained.

B . ( Initial [A] Initial [B] Initial Reaction Rate
Xpertment - ol L1 (mol L-1) (mol L~ s~1)
1 0.033 0.034 6.67 x 10~*
2 0.034 0.137 1.08 x 102
3 0.136 0.136 1.07 x 1072
4 0.202 0.233 ?
(a) Determine the order of the reaction with respect to reactant A. Justify your answer.

Between experiments 2 and 3, [B] stays the same and [A] is
quadrupled, but the initial reaction rate stays the same. This means
that the initial reaction rate is not dependent on [A], so the reaction

One point is earned for the
correct order and for the

is zero order with respect to A. (May also justify using mathematics Justification.
as shown in part (b).)
(b) Determine the order of the reaction with respect to reactant B. Justify your answer.

rate,  k [A]y [B]y
rae; g [Al; [B]

i) X y
108x107 _ k(0.034)° (0137 . .

6.67x107" & (0.033)" (0.034)"

One point is earned for the correct

16.2 = (4.03)” order and for the justification.
y =2, so the reaction is second order with respect to B
OR

Between experiments 1 and 2, [A] stays the same, [B] is
multiplied by 4, and the initial reaction rate is multiplied by 16.
This means that the reaction is second order with respect to B.

(© Write the rate law for the overall reaction.

5 One point is earned for the correct rate law (or a rate law
rate = k [B] consistent with the answers in part (a) and part (b)).
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(d)

(e)
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Question 2 (continued)

Determine the value of the rate constant, k, for the reaction. Include units with your answer.

Using experiment 2: One point is earned for the correct
numerical value of the rate constant.
rate = k [B]?
-4 -1 -l One point is earned for the correct
k = [r;;‘; = 6'67(1() 1)24 mollLL_l)zseC = 0.577 M ' sec! | units.
. mo

Calculate the initial reaction rate for experiment 4.

rate = k [B]?

One point is earned for the correct
(0.577 M~ sec™) x (0.233 mol L™)? answer, including units.

3.13x 102 mol L1 sec™!

rate

The following mechanism has been proposed for the reaction.
Stepl: B+B — E+D slow
Step2: E+A 2 B+C  fast equilibrium

Provide two reasons why the mechanism is acceptable.

(1) When steps 1 and 2 are added together, the overall reaction is
A +B — C + D. This is the stoichiometry that was given for the
overall reaction.

(2) The rate-determining step (slow step) is consistent with the rate
law because only reactant B occurs in the rate law and it occurs to
the power of 2, which is the number of B molecules colliding in the
rate-determining step.

One point is earned for each
correct reason, with a maximum
of 2 points.

(3) The rate-determining step is consistent with the rate law because
A is absent from the rate-determining step and the reaction is zero
order—i.e., reactant A does not appear in the rate law.

In the mechanism in part (f), is species E a catalyst, or is it an intermediate? Justify your answer.

Species E is an intermediate; it is formed in step 1 and consumed in step 2.
One point is earned for
AND/OR the correct answer with

Species E is not a catalyst because a catalyst occurs as a reactant in an justification.

earlier step and is then reproduced as a product in a later step.
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A(g) +B(g) - Clg).+D(g) 0/2 A |

2. For the gas-phase reaction represented above, the following experimental data were obtained.

Experiment Initial [A] Initial [B] Initial Reaction Rate
xpetime (mol L) (mol L) (mol L1 571
1 0.033 o003 _ 1 6.67 x 10~4 )16
2 0.034 ¥ 0.137 ¥ 1.08 x 102
3 0.136 0.136 1.07 x 102
4 0.202 0.233 9

=
<.

(a) Determine the order of the reaction with respect to reactant A . Justify your answer. Eﬁ
(b) Determine the order of the reaction with respect to reactant B . Justify your answer.

(c) Write the rate law for the overall reaction.

(d) Determine the value of the rate constant, k, for the reaction. Include units with your answer.
(e) Calculate the initial reaction rate for experimeht 4,

(f) The following mechanism has been proposed for the reaction.

Stepl: B+B — E+D slow
Step2: E+A 2 B+C fastequilibrium

Provide two reasons why the mechanism is acceptable.

(g) In the mechanism in part (f), is species E a catalyst, or is it an intermediate? Justify your answer.

a2W) Cempa,nng Experiment 2 and 3,

CBJaﬂ' C5 1.

CAl.x S 0AD,

R, = Rs

> The reaction = _C_)_ eﬁdg@i‘h negFect to A -y

2 Gam[mm Expo,nnew\'! ond 2,

s CA'JI x EA}—

(\33."‘ % [B1.

':!IJ'BP:L

> The veaction is O™ eyder uith respect 4o B

77

-10- GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2 2

a(e) = kKCAILBI* - K[8BI

y/4
7

2(4) LookM ot Expcnnverd' 3,
.01 <0 = K [o0.136]?
K = L.oTxtp-2

o861

ale) R= KTBT* = 0.519(0.233)* = 3. M4x 02 mol e

"

The slow reaction gedefies the e equadron (R= (8¥)
founadd in _part (e) .

2(f)

When step | ong step 3 ore added up, -H\et(, @‘vz Ase
Yo the overall reaction [ kw1 + Begy == Cror + Diad

gtepl:  Bt&— 1Z+0
gtepd- Pth —> B+ C
overnll © B+ A = C+D

2(9) Tt i an mermecticte . Tt Candt be o cod&l}“gk becouse
its wsed as a reoctont yn Zep <.

I+ = szed 'n step | and usedl mstepn 2, W
mst ke an it ermediate

-11- ‘GO ON TO THE NEXT PAGE.
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A@®) +B(g) - Clg) + Dl@) A8,

2. For the gas-phase reaction represented above, the following experimental data were obtained.

Experiment . Initial [A] | Initial [B] | Initial Reaction Rate
(mol L-1) (mol L) (mol L-1s71)
1 0.033 0.034 6.67x10-4 |
2 0.034 0.137 1.08 x 102
3 0.136 0.136 1.07 x 10°2 +
4 0.202 0.233 7 '(;\77/5

i
(a) Determine the order of the reaction with respect to reactant A . Justify your answer.

(b) Determine the order of the reaction with respect to reactant B . Justify your answer.

(c) Write the rate law for the overall reaction.

(d) Determine the value of the rate constant, k, for the reaction. Include units with your answer.

(e) Calculate the initial reaction rate for experiment 4.

(f) The following mechanism has been proposed for the reaction.

Stepl: B+B > E+D  slow
Step2: E+A 2 B+C  fast equilibrium

Provide two reasons why the mechanism is acceptable.

(g) In the mechanism in part (f), is species E a catalyst, or is it an intermediate? Justify your answer.

. ) D 0K .
O34 0\3" LORB X0

NES 0:\136 L.onxi0*

__Mithagn TAYChoMed Oy x U, the rate remained

e OMe. Therefore Tha IS No effect on +ne (are,

D)

ot =0
UM B Raote

0033 0,034, 6ONKIOY N,

6,034 O30/ LGB0

When CROWDS mufioi&d by Y, e [afe was

MUHipied o \6. Thetefr® ofaer=2

-10- ' GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2 (;2 B A
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A(g) +B(g) = C(g) +D(g) g - !

2. For the gas-phase reaction represented above, the following experimental data were obtained.

Experiment Initial [A] ‘ Initial [_B] Initial ReaEtioil Rate
(mol L) (mol L1) (mol L1 s~1)
1 0.033 0.034 6.67 x 10-4
2 0.034 0.137 1.08 x 102
3 0.136 0.136 1.07 x 102
4 0.202 0.233 ?

(a) Determine the order of the reaction with respect to reactant A . Justify your answer.

(b) Determine the order of the reaction with respect to reactant B . Justify your answer.

(¢) Write the rate law for the overall reaction.

(d) Determine the value of the rate constant, k, for the reaction. Include units with your answer.
(e) Calculate the initial reaction rate for experiment 4.

(f) The following mechanism has been proposed for the reaction.

Stepl: B+B —» E+D  slow
Step2: E+A 2 B+C  fastequilibrium

Provide two reasons why the mechanism is kceptable.

(g) In the mechanism in part (f), is species E a catalyst, or is it an intermediate? Justify your answer.
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Question 2

Sample: 2A
Score: 9

This response earned all 9 points: 1 for part (a), 1 for part (b), 1 for part (c), 2 for part (d), 1 for part (), 2 for part
(), and 1 for part (g).

Sample: 2B
Score: 7

All of the points were earned in parts (a), (b), and (c). Only 1 point was earned in part (d) because of incorrect
units. The point was earned in part (e). In part (f) 1 point was earned for one reason (justifying the lack of reactant
A in the rate law based on its absence in the slow step). The point was earned in part (g) because the student
makes the correct choice and correctly states the distinction between an intermediate and a catalyst.

Sample: 2C
Score: 4

The point was earned in part (a), but the point was not earned in part (b). The rate law in part (c) is consistent with
the incorrect order given in part (b). The point was earned in part (c), even though the rate constant is omitted,
because subsequently in part (d) the student does correctly insert k into the rate law. In part (d) 1 point was earned
for a calculation based on consistent substitutions, but the second point was not earned because of lack of units.
The point was earned in part (e) for a calculation with consistent substitution and correct units. The points were
not earned in parts (f) or (g).
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