South Pasadena ¢ AP Chemistry

15 ¢« Chemical Kinetics

Name
Period Date [ !

Which of the following does NOT influence
the speed of a chemical reaction?

a) concentration of reactants

b) nature of reactants

c) temperature

d) presence of a catalyst

e) none of these

What would cause the change in the kinetic
energy diagrams as shown?

KE K
a) increasing the AH
b) decreasing the temperature
C) increasing the surface area
d) addition of a catalyst
e) increasing the concentration of reactant

A time vs. concentration graph is presented
below for the reaction A — B. What is the
rate of appearance of ‘B’ 20 seconds after
the start of the reaction?

10 20 30 40
time (seconds)

a) 0.050 mol/L-s d) 0.010 mol/L:s
b) 3.2 mol/L-s e) 9.8 mol/L-s
c) 2.2 mol/L:s

PRACTICE QUIlIZ
The reaction 30, — 203 is proceeding with
a rate of disappearance of O, equal to 0.60

mol/L-s. What is the rate of appearance of
Og, in mol/L-s?

a) 0.60 d) 0.90
b) 0.40 e) 1.20
¢) 0.10

What is the rate constant for a first order
reaction for which the half-life is 85.0 sec?
a) 0.00814 sec'! d) 0.0118 sec’!

b) 4.44 sec'! e) 58.9sec!

c) 0.170 sec'1

What fraction of a reactant remains after 3
half-lives of a first order reaction?

a) 1/2 d) 1/8
b) 1/3 e) 1/12
c) 1/6

According to collision theory, which of the
following factors does NOT influence the
rate of reaction?

a) collision frequency

b) collision energy

c) collision orientation

d) collision rebound direction

e) none of these



8.

10.

What distance corresponds to the activation
energy for the reaction of X to Y?
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reaction coordinate

a) a d) d
b) b e) e
c)c

At what point on the potential energy
diagram given below does the transition
state (activated complex) occur?
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Which of the following is NOT true about a
catalyst?

a) it speeds up the forward reaction

b) is acts as an inhibitor

C) it speeds up the reverse reaction

d) it may be homogeneous

e) it may be heterogeneous

Answers: (please use CAPITAL letters)
6.

1.

8.

9.

10.

o M DD e

Useful Formulae:

[Al,

the special case of half-life
In(2) = 0.693 = kt,

In
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Chemical Kinetics

PRACTICE FRQ

8 H*(aq) + 4 Cl (ag) + MnO,(ag) — 2 Cly(g) + Mn3+(aq} + 4 H,0())

Cl,(g) can be generated in the laboratory by reacting potassium permanganate with an acidified solution of
sodium chloride. The net-ionic equation for the reaction is given above.

(a) A 25.00 mL sample of 0.250 M NaCl reacts completely with excess KMnOy(aq). The Cl,(g) produced is
dried and stored in a sealed container. At 22°C the pressure of the Cl,(g) in the container is 0.950 atm.

(i) Calculate the number of moles of Cl™(aq) present before any reaction occurs.

(ii) Calculate the volume, in L, of the Cl,(g) in the sealed container.

An initial-rate study was performed on the reaction system. Data for the experiment are given in the table below.

Trial [Cl] [MnO, | [H*] Rate of Disappearance of MnO, in M's 1
1 0.0104 | 0.00400 3.00 2.25%10°8
2 0.0312 | 0.00400 3.00 2.03x 107
3 0.0312 | 0.00200 3.00 1.02x 1077

(b) Using the information in the table, determine the order of the reaction with respect to each of the following.
Justify yvour answers.

(i) Cl
(ii) MnO,

(c) The reaction is known to be third order with respect to H*. Using this information and your answers to
part (b) above, complete both of the following:
(i) Write the rate law for the reaction.

(ii) Calculate the value of the rate constant, K, for the reaction, including appropriate units.

(d) Is it likely that the reaction occurs in a single elementary step? Justify your answer.
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Period _ Date

1

Answer the following questions related to the kinetics of chemical reactions.

I(ag) + Cl0~(ag) —22— 10(ag) + Cl(aq)
Iodide ion, I-, is oxidized to hypoiodite ion, IO-, by hypochlorite, ClO-, in basic solution according to the
equation above. Three initial-rate experiments were conducted; the results shown in the following table.

FRQ PRACTICE

Experi (1] [C10] Initial Rate of
ment (mol L) (mol L") | Formation of IO~
(mol L' s71)
1 0.017 0.015 0.156
2 0.052 0.015 0.476
3 0.016 0.061 0.596

(a) Determine the order of the reaction with respect to each reactant listed below. Show your work.

(1) D
(11) CIO*(aq)
(b) For the reaction,

(1) write the rate law that is consistent with the calculations in part (a);
(i1) calculate the value of the specific rate constant, &, and specify units.
The catalyzed decomposition of hydrogen peroxide, H,O»(g), is represented by the following equation.

2 HyOx(aq)

catalyst

Sy

2 HyOm + Oyg)

The kinetics of the decomposition reaction were studied and the analysis of the results show that it is a first-or-
der reaction. Some of the experimental data are shown in the table below.

[H,O5] Time
(mol L1 (minutes)
1.00 0.0
0.78 5.0
0.61 10.0

(c) During the analysis of the data, the graph below was produced.

(1) Label the vertical axis of the graph
(1)) What are the units of the rate constant, k, for the decomposition of HyO;(ag) ?

Time {minutes)

(ii1) On the graph, draw the line that represents the plot of the uncatalyzed first-order decomposition of

1.00 M HzOz(aq).
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1. Which of the following does NOT influence
the speed of a chemical reaction?
a) concentration of reactants
b) nature of reactants
¢) temperature

d) presence of a catalyst
@ one of these
2. What would cause the change in the kinetic

suotD .
'méfeﬂ,w] LS

energy diagrams as shown?
: i aebuceEl

KE

a) increasing the AH

b) decreasing the temperature

¢) increasing the surface area
ddition of a catalyst

e) increasing the concentration of reactant

3. A time vs. concentration graph is presented
below for the reaction A — B. What is the
rate of appearance of ‘B’ 20 seconds after
the start of the reaction?

4
- 0;.
{B} , e a1t
2 (5t S
mol/L ) -l
i r 2 "‘fi—"v <
1/ 3

10 20 30 40
time (seconds)

()0.050 mol/L's  d) 0.010 mol/Ls
b) 3.2 mol/L-s e) 9.8 mol/L-s
c) 2.2 mol/Ls

Y
e Ll

@ 12x 103 M/s

PRACTICE TEST
The reaction 30, — 205 is proceeding with

a rate of disappearance of O, equal to 0.60

mol/L-s. What is the rate of appearance of

O3, in mol/L-s? -
3 QZZ.: R

a) 0.60 d) 0.90 7 o,

b))0.40 e) 1.20

¢) 0.10

A reaction has the rate law Rate = k[A]2[B].
What is the overall order of the reaction?

a)0 b2 ¢ 1 d4 @3

What are the correct units for a second order

rate constant? Rade=k AT le= ——
" LA]

a) mol/L-s d) L4/mol*s R
b) 1/s e) mol2L2s ~ Lpa v
(<) L/mol's PR Al e

= L el g™

The reaction I” + OCI” — 107 + Cl” s first

order with respect to I” and first order with

respect to OCI™. The rate constant is 6.1 x

10-2 L/mol-s. What is the rate of reaction

when [I"] = 0.10 M and [OCI'] = 0.20 M?

a) 24x104M/s  d) 1.2x104M/s

¢) 2.4 x 105 M/s

€) 6.1x103M/s Rade= ke L5y Lol
=(.1 il 1) (10 = 20122

A reaction and its rate law are given below.
When [C4Hg] = 2.0 Mpthe rate i€ 0.106 MJ&.
What is the rate when [C4Hg] = 4.0 M?

Znd ordse

2 C4Hg — CgHj, | Rate = k[C4H)?

2) 0053M/s  ((d)0.424 M)

b) 0.212 M/s e) 0.022M/s

) 0.106M/s how[ Vs Doudtew

Rale 5 Quadupld
Yy «JOb= .d2q M/s



9. The rate law for the reaction
2NO(g) + O4(g) — 2NO»(g)

is Rate = k[NOJ?[O,]. What happens to the
rate when the concentration of NO is
doubled?

a) the rate doubles d) the rate is halved

b) the rate triples  e) none of these
@ the rate quadruples

10. Below is some rate data for the hypothetical
reaction, 2A + B — C. What is the rate law
for this reaction?

Experiment [Al, [B], Rate (M/s)
1 20M 1.0M 0.100
2 20M 20M 0.400
3 40M 1.OM 0.100

a) Rate =k[A][B] d) Rate = k[A]2[B]2
b) Rate = k[A]2[B] (¢)) Rate = k[B]?
c) Rate = k[A][B]?

11. The acid catalyzed decomposition of
hydrogen peroxide is a first order reaction
with the rate constant given below. For an
experiment in which the starting
concentration of hydrogen peroxide is 0.110
M, what is the concentration of H,O, 450

minutes after the reaction begins?
2H,0, - 2H,0 + 0, k=1.33 x 104 min-

a) 0.0961 M d) 0.00658 M
(©)0.104 M ¢) 0.0156 M
¢) 0.117M

USe |5 ardes tndeqrated recte Lans

12. What is the rate constant for a first order
reaction for which the half-life is 85.0 sec?
(2)0.00814 sec!  d) 0.0118 sec!
b) 4.44 sec’1 e) 58.9sec!
¢) 0.170 sec’!

ar =ty
= k(§Ss)
Sneu-{ ’g"" K

13

14.

15.

. What fraction of a reactant remains after 3

half-lives of a first order reaction?

a) 112 @ 18
b) 1/3 &) 1/12
oe | & X %

\ A2

Assume a reaction occurs by the mechanism
given below. What is the rate law for the

reaction? e
A+Bo fasg  SuBSTOMTS
F} A’Q’& ’&V
—D slow - gte 2 )
o Rae=KAIBIC g\, grap i3
b) Rate = k[A] o oo B

(©) Rate = k[A][B]
d) Rate = k[A][B]/[D]
e) Rate =k[A]

According to collision theory, which of the
following factors does NOT influence the

rate of reaction?

a) collision frequency 4
/s

impe

¢) collision orientation

b) collision energy

aved k€

Wi ©
collision rebound direction e
L
n 2
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e) none of these

16. What distance corresponds to the activation

energy for the reaction of X to Y?
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reaction coordinate

a) a d) d
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17. At what point on the potential energy
diagram given below does the transition

state (activated occur?

BE e
@ A\, S l’h.“k L
He]
g d
Q
TP B
o
34
o
Q
3
0
(o))
reaction coordinate
a) a d) d
b) b €) &

oL
18. The rate constants, at two different

temperatures, for the reaction At
CH3l + Br — CH3Br + I

are given below. /7
t=30°C k=1.38x 104 M-ls-1
t=49°C k=1.21x103 M-ls-1

What is the activation energy for this

reaction? R = 8.314 J/mol-K.

(G)92.7ki/mol  d) 343 kl/mol

b) 200 kJ/mol e) none of these

¢) 40.3 kJ/mol

1

19. Which of the following is NOT true about a
catalyst?
a) it speeds up the forward reaction
@ is acts as an inhibitor
c) it speeds up the reverse reaction
d) it may be homogeneous

e) it may be heterogeneous

on© inbedor ™ ©S llee an .
anti - ca"ﬂlb, ... (F s’
Do a AL7T10 -

20. In the reaction, Hy + Br, — 2HBr, the step
Bre + H, — HBr + He is what step?
propagation
¢) termination
¢) inhibition 7
Cuhpd LEACTOD MELUHAIIM
In the reaction, H, + Br, — 2HBEr, the step

a) initiation
b) completion

21.

Bre + Bre — Br; is what step?

a) initiation d) propagation

b) completion @ termination
¢) inhibition
22. A free radical is a chemical species that
e
possesses
a) a positive charge
B H-
Gre xanpls

b) a negative charge
@an unpaired electron

d) an oxygen atom

) unconventional political views

Answers: (please use CAPITAL letters)
11.
12.
13.
14.
15;

th B B Do

16.
17.
18.
19;
20.
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Kinetics

NChO Practice Problems ; ~

1999 NChQ Exam m:— h«&3 (,33

28. The rate of a reaction with just two reactants is
observed to double when the concentration of
one reactammbled and the second reactant
15 held constant. The rate is also observo& to
increase by a factor of nine when the 2> Iy
concentration of the second reactant is tripled,
holding the concentration of the first reactant
constant. What is the overall order for this
reaction?

(A)2 (C)5
(B35 (D)6
29 Which cnergy diagram represents a highly
exothermic reaction that has a small activation

cnergy? (Assume that all curves are ploticd on

the same scale )
) (8)

1/\ 1
E E

© ‘——; :/__\_

30.{Tritinm decays by a first-order process that has
half-life of 12.5 years. How many years will it
take to reduce the radioactivity of a tritium
sample to 15% of it original valuc?

"

(A) 64y (©) 34y
(B)d v (D)24y i

31. What is the overall order of a reaction with a rate

constant having the units L mol ' s '? L
(4)0 Y% Soreerrtiony
(B) 1 (D)3

32 In a reaction with several steps, which step limits

the rate of the reaction? Rade b._krmnud

(A) farst (C) fastest

(B) kast (D) slowesy

1998 NChO Exam

27, 2N:0s (¢) > 4NOx(g) + Ox(g)
“What is the ratio of the rate of decomposition

of N,Qs to the rate of the formation of NO,?
Wiz>  on gy

When reacted with water, the insecticides DDT
decomposes with a half-life of 10 years.
Approximately how many years will it take for
99% of a given sample to decompose once
exposed 1o water in the environment?

(A) 50 yr (C) 500 vr
B)70yr_ (D) 700 yr

29. Which property, if decreased, will cause an
increase in the rate of a reaction involving a
Solid?  more Sn.—-&ft& Sres
(A) temperature (C’) concentration
(B) pressure (D) particle size

Which graph corresponds to the change in

concentration of a reactant that is a first order
_rcaction? -

{AL | ) T!

1/

TN —————— Ti: ———

31.Which reactionh charactenstics are changing by the
addition of a catalvst to a reaction o a reaction
at constant temperature?
1. activation energy €S
2. cquilibrium concentrations NO  CH ALLE
3. reaction enthalpy O#\, #0 CHAPGE-

(C) 1 and 2 only

(B) 3 only (D) 1,2, and 3



y7 Exam l3l.| At a certamn temperature the first-order
‘27

A plot of rcactant concentration versus Lime gives decomposition of hvdrogen peroxide exhibits
a straight linc. What is the order of the reaction these data.
for this reactant? time (seconds, s) [H-0-J(maol L™')
(C) sccond 2 50
(B) first (D) some other value =
15 1.0
28. Which change docs ot increase the value of the At what time will the [H;04] = 0.50 mol Ay

st constant for & reaction” (N30 (€225

83 decreasing the activation energy (B)23s (D)20. s
e . . WJ&
9 raising the temperature Cil A 6E

3 'ngacata]ysf vk »

ing the concentration of reactants

29. A certam reaction has a AH = -75 kJ and an
activation encrgy of 40 kJ. A catalyst is found 3
that lowers the activation energy of the forward
reaction by 15 kJ. What is the activation encrgy
of the reverse reaction m the presence of this 00
same catalyst? 0

(A)25 K] (C) V0 kJ
(B) 60 kJ (D) 100 kJ

30.  Nitrogen(ll) oxide and hydrogen react to form
nitrogen and water according to this equation

INO(g) + 2H; — NAg) + 2H0(g)
According to these experimental results, what
are the orders for NO and H#”

[NO] [H:] Rate{Mun ') :
D015 0020 0.60 [H;}v?. Rake =2 Cad |57 onden

0.015 0.040 120 (R0 e  Rat o (.NOKL Tk SEbEA
(L4030 4020 240

Order,NO Order.H, ) ! AdSuer 2, |(
(A)1 i
(B) 1 2
|

((C)Z >

(D) 2 2




Answers to the Practice FRQ:
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