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Practice Test Chapter 14
Chemical Kinetics

Part I: Circle the letter of the best annswer(s). No calculators are allowed on this portion of the
practice test!

Target 1: | can list and explain the 6 factors which determine the speed of a
- chemical reaction.

1. Which of the following does not play a part in determining the rate of a reaction?
a. temperature
b. the concentrations of reactants
c. the presence of a catalyst
d. the surface area of solid or liquid reactants
the equilibrium constant

2. Why does increasing the temperature of a reaction speed up most chemical
reactions? (Choose the best 2 answers!)
ga4 Particles collide more often at higher temperatures.

b. Concentration of reactants increase with increasing temperatures.
c. The activation energy is raised as a result of increased temperatures.
d. The activation energy is lowered as a result of increased temperatures.
Each collision is more energetic as temperature is increased.

3. Increasing the surface area of reactants usually speeds up a reaction because . . .
a. you increase the total number of moles of the particles.
b. you increase the total number of grams of the particles.
c. anincrease in surface area is often accompanied by an increase in temperature.
d. the concentration of the reactants is increased with increasing surface area.
_ more particles can collide as soon as the reactants are mixed.

urning splint will burn more vigorously in pure oxygen than in air because . . .

oxygen is a reactant in combustion and the concentration of oxygen is higher in

pure oxygen than itis in air.

b. oxygen is a catalyst for combustion.

c. oxygen is a product of combustion.

d. nitrogen is a product of combustion and the system reaches equilibrium at a
lower temperature.

e. nitrogen is a reactant in combustion and its low concentration in pure oxygen

catalyzes the combustion.




Target 2: | can express the rate of a given reaction in terms of decreasing
- concentration of reactants and increasing concentration of products.

5. Based on the table of data shown below, the average rate of the reaction between 10

seconds and 30 seconds is M/s.
A+B—=C ‘
Time (s) [A] mol/L ﬂ@fﬁ 0.013 M — 0, (io m 0.00 (B¢
E— - - ( A4

0.0 0.124 T = LD LD
100  0.110 At 20 sec f 5
20.0 0.088]

30.0 0.073 aft@g@ﬁf@ g as

400  0.054 (A is £gﬁfgmwg

a. +2.4x10-3 18x108 ¢ +18x108 d. -00012 e +00012 ol fie.

6. Consider the following reaction: 3A— 2B

The average rate of appearance of B is given by A[B]/At. How is the average rate of
appearance of B related to the average rate of disappearance of A?

a. +2A[A)/ At 7-20[A]/3 At c. -3A[A)2 At d. -A[A]/At e. +3A[A]/2At

B8R A - AR ACAT D o
7. Reaction rates usually . . . Py &% M Ag - .,% Még%ﬁ“ :% 2}{% K o8
a. increase with time. d. double with time. fact

decrease with time. dwe to the e. remain constant.

“c. multiply with time,  v@zctants beowiie
Py ss fwégzﬁigy@éiﬁé

8. For the gas phase reaction, 3Hs + N» =+ 2 NHgz, how does the rate of
disappearance of Ho compare to the rate of production of NHz?

. The initial rates are equal.
. The rate of disappearance of Ho is 1/2 the rate of appearance of NHs.

(TP The rate of disappearance of Hy is 3/2 the rate of appearance of NH3.
. The rate of disappearance of Hy is 2/3 the rate of appearance of NH3.
e. The rate of disappearance of Ho is 1/3 the rate of appearance of NHs.

Target 3: | can calculate the instantaneous rates from a graph of reactant or
- product concentrations as a function of time.

9. Instantaneous rate is defined as . . .
a. the rate of a reaction at the start of the reaction.
b. the rate of a reaction at the end of the reaction.
c. the rate of a reaction in the middle of the reaction.
d. the average rate of a reaction.
he rate of the reaction at some particular moment in time.
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10. The instantaneous rate of a reaction can be determined by . . .. &

3 calculating the slope of a tangent line to the concentration versus time graph at a
specific time.

b. calculating the slope of a tangent line to the natural log of concentration versus
time graph at a specific time.

c. calculating the slope of a tangent line to the 1/concentration versus time graph at a
specific time.

d. dividing the siope of the tangent of a line by 2 in a concentration versus time
graph. '

e. averaging the change in time and the change in concentration and then dividing
the 2 quantities.

Target 4: | can determine the rate law from experimental results that show how
concentration affects rate. | can calculate rate, rate constants, or reaction
- concentration, given two of these together with the rate law.

11. The exponents in a rate law for a multi-step reaction are determined by . . .
1. the coefficients in the balanced equation
2. experimentation
3. the physical states of the reactants and products

c. 3 only d. 1 and 2 only e.1,2and 3

12. Forthe reaction2 A + 2B =+ 3 C, it was determined that the reaction is third
order overall. The rate law for this reaction might be:
~a. rate = k[A]?[B]2
b. rate = k[A][B]
(P rate = K[A][B]2
~d. rate = k[A][B]3
e. rate=k[C® => (" is a ?mﬁu@,%’ vew yate laws

Ohsist oF (ractants wngt gﬁfmg weck <
13. Which one of the following rate laws denotes a reaction that is is third order overall?

a. rate = k[NOJ3 [O5]
P
40/ rate = k[CgHy]2 [Hp]
"¢, rate = k[CH4] [O2]
d. rate= k [A]'[B]?
e. rate = 3k[NO]

14. The kinetics of the reaction below were studied and it was determined that the
reaction rate increased by a factor of 9 when the concentration of B was tripled. The
reaction is order in B.

A+B=P ucts

a. zero b. first d. third e. one-half

43 m“) - aqate 3% qi’ixb




15. Use the information below to determine the rate law for the following reaction:
A + B = Products

Experiment Initial
Number [A] (M) [B] (M) Rate (M/s)
1 0.273 0.763 2.83
2 0.273]3 1.526 2.83~ | qx
3 0.819 0.763 25.47
a. rate = KA][BJ2 T @gf 1 * 2z e w8
b. rate = k[BJ2 s 1122 2o oded wa
c. rate = k[A]2[B]! (422
rate = k[A]2[B]2 g%{gwiﬁ -
ﬁ rate = k[A]2 .51 X; 25,47 ‘

T - O
16. The table below contains concentration and rate data for the reaction:

A+2B—=C
The rate law for this reaction is

Experiment Initial
Number [AlL/M [B] /M Rate (M/s)
1 0.23 0.17 0.383 1 .
2 (0.46] AX %[0.17 u{o.eejm
3 0.23 0.51 0.33

a. Rate = k[AJ4[B]

b. Rate = k[A]2[B] Rﬂ&é” /g [
Rate = k[A]4

Rate = k[A] Raete= ﬁf;}%

“e. Rate = k[AJ3

17. Consider the reaction: 2 ClOp + 2 OH™ =4 ClOgz™ + CiOy™ + HO
Number [CIO5] [OH7] Initial Rate (M/s)
1 0.060 (. 0.030 | 0.0248 —F .8 x10 "3 1q
2 0.020- 14 0.030 0.00276 &> .76 K10 =3
3 0.020 0.090 0.00828

What is the order of the re/cuilth respect to ClO5?
a. 1 e. 4

i



Target 5: | can use the integrated first and second order rate law equations to
solve for concentration or time. M

. . . O.600 o Ui
ovie i @
18. The reaction below is first order in [HoOo]. 0. 3&%3’) oo s e

J
2 H202 - 2 HQO + 02 i? gwgﬂ fdaree o lgsser s

A solution originally at 0.600 M H2O» is found to be 0.075 M after 54 min. The half-
life for this reaction is approximately minutes. 5y

2= 1B min
c. 14 d. 28 e. 54

19. The half-life of a first-order reaction
a. is the time necessary for the reactant concentration to drop to half its original

value ’

b. isconstant — owily for frst orden 0.6
can be calculated from the reaction rate constant —— € Yo = Wﬁ”{m

does not depend on the initial reactant concentration

e, all of these are correct Cpud

(- ovdlon

20. What is the numerical value of the rate constant for a second order reaction if the
reactant concentration drops from 0.657 M to 0.0981 M in 17.0 seconds? (Calculator
OK for this onel)

a. 867 (b 0510 c. 0.112 d. 0.332 e. 114
e ’ g L. 4. 1o -
LI 4. focee e
[Ale (Alo “’éﬁ J 0,048  0.657 J «g 0.5t

21. What is the half-life of a second-order reaction with the rate constant 0.0271 M-1s-1
Qd the initial reactant concentration 0.902 M? (Calculator OK for this one!)
409s
25.6s
c. not enough information to determine
d. 0451s

e. 0.625s |

(@W&“ = Y09 s

E‘éd! i ““' i o
14 wggg e dvenV o e b
22. The initial concentration of reactant in a first-order reaction is 0.27 M. The rate
constant for the reaction is 0.75 s-1. What is the concentration (mol/L) of reactant
after 1.5 s? (Calculator OK for this one!)

a. 38 b. 1.7 8.8 x 10-2 d.2.0x 10-2 e.0.135

{V\ CA'B b - {% i &9 ‘‘‘‘‘‘ {Nﬁm
(e - I W‘W = {075 ¢ ) (16 cec)
la (&) e~ ~2.u34

(A]e= 0,0617 M



23. The reaction A = B is first order in [A]. Using the data below, the rate constant for

this reaction is s-1. (Calculator OK for this one!)
time (s) [A] (M)
0.0 1.60 0 693
5.0 0.803 ‘H ﬁ? SC¢. ¥ m— 0. (386 -1
10.0 0.40 b0 se
15.0 0.20
20.0 0.10
a. 0.013 b. 0.030 @0.14 d. 3.0 e.3.1x 103

Target 6: | can determine whether or not a reaction is first order or second order
by analyzing graphs of experimental data.

24. Which one of the following pairs would you graph in order to produce a straight line

for a first order reaction? -
% [n (AJe - (w (AL, = — s

In[A] versus time . ﬂ e

b. 1/In[A] versus time In f’%f \\ M~ E}@i“ ~~,@‘{Z ¢ [n [&l

c. 1/[A] versus time S

d. In 1/[A] versus time L %}[ = MK b

e. log 1/In1 versus E./RT

25. Which one of the following pairs would you graph in order to produce a straight line
for a second order reaction?
ya

a. In[A] versus time

b. 1/In[A] versus time WL HH“%*" [ME“‘

(G 1/[A] versus time [} : §

d. In 1/[A] versus time ‘ Jwﬁ:s . «;«g{ %

e. log 1/In1 versus E,/RT CAJ% (Ao
%{ = WA K 4 fgz

26. In analyzing a linerar graph of In[A] versus time for a particular reaction, you could
determine the value of the rate constant by . . .

a. taking the reciprocal of the slope of the line H;‘?" { opbel . ..
@ multiplying the slope of the line by -1
c. dividing 0.693 by the slope of the line -
d. multiplying 0.693 by the slope of the line A {ﬁﬁ@w e
e. dividing E, by RT
S 2 \§ et

( P St

e
Mk, m/’mn“
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30. What is the slope of an Arrhenius plot for the following reaction? (Calc’s OK) |

R/ R
3\ 4 0(9““ [A)« e [AJa
Y (= ™r b

In analyzing a linear graph of 1/[A] versus time for a particular reaction, the value
of the rate constantis . ..

a. determined by multiplying the slope of the line by -1

b. determined by calculating the tangent to the curve at any point on the curve.
c. the same as E./RT.
d. the same asIn E,/RT.
the same as the slope of the line.

27.

Target 7: | can explain the concept of activation energy and how it relates to the
variation of reaction rate with temperature.

28. Which 2 statements are TRUE regarding the activation energy of a reaction?
a. The activation energy of a reaction is higher at lower temperatures.
b. The activation energy of a reaction is lower at lower temperatures.
7c/ The activation energy of a reaction is independent of temperature.
¢/ The activation energy of a reaction is lowered by adding a catalyst.
e. The higher the activation energy of a reaction, the faster the reaction.

29. The rate constant for a particular reaction is 1.3 x 10-4 M-1s-1 at 150°C, and

1.1 x 10-3 M-1s-1 at 200°C. What is the energy of activation (in kd/mol) for this
reaction %;15 °Cf§ (Calculator OK for this onel)

o
E Jw uge WELUIW,
182 %mw&,.»_, a(% W} Alwess us
56
99 fn l2xt0™™ E | !
71 """"'MM:” B — = esmmesamee - . oy ing -
e. 22 Lo~ ¢34 (L*m agz&) Ea= N, 047 Jful
Fa-

v 1 by {wwf?

2NOCI = 2NO +Cl, Ue 2 of Ue %@w&%g tp find Ea, They, from

Temp. (K) k (L/mol-s)
400 6.6 X 10* vrrhemiug &{gm%m&_, M=~ Eafy
500 2.9 X 10
600 16.3 I bexiot .‘
| 3.9 o { B "’M
a. 818X 10° ?,,w o
5.06 X 102 - ,
~a e 1O 2
© -1.21x10* Eas 101,187 3 [wcd
d. -1.96 X 10’ _ , .
e. -1.00 M= 5% LT Sfmle (Liavot “)
e €23 Tl BRSNS

31. A reaction with activation energy of 123 kd/mol has a rate constant of 0.200 s-1 at
K, the rate constant will be double that at

311 K. At a temperature of
311 K. (Calculator OK for this one!)

a. 304




34. Which of the following statements is/are true? '
If we know a reaction is an elementary reaction, then we know its rate law. Fvwq 9%0%&, oF
v %mﬁmﬁ

'Y
& Y
S ¥ g

RN

S & o | . |
gy W ?g Target 8: | can explain what is meant by the mechanism of a reaction using the
$ = ¥ § terms elementary steps, rate-determining step, and intermediate.
W j e o

v X 3\ Consider the following reaction mechanism for #32 and 33.

®§}4§%§ step1:A+2B = G + 3D (fast)

S . \‘*‘: $ step2: G+ 2A = 2B+ E (slow)

J % b W 3A - 3prE

m‘“‘i%‘f’ * fﬁ’ 32. The catalystis __2_ and the intermediate is e .

v¥YEY  aAB bBD cCA dCB (&
| iy
X Ao

N 2 \%,33. The rate determing step is .

g N a. step 1 gﬁ‘ step2 ©c. step1andstep2 d. neither step 1 or step 2
A

s

~

tregetore
dctiviated
.

al

-

{

The rate-determining step in a mechanism is the slowest step.

c. An intermediate is identical to an activated complex.
@ A reaction mechanism is often difficult to prove. —> We can mﬁg malee rasouabie 3&65«;@,,

e. ltis impossible to determine the rate law for a reaction.

N

35. A proposed mechanism for a reaction is
CH30OH + HCI *}H@*\" + HoO + G

_CHa* + G =» CHgCl
Chzott + et —b Ho + cHacy
What is the overall reaction conforming to this proposed mechanism?
a. CH3Cl + HO = CH30H + HC!

) CH3OH + HCl = CHsCl + HoO
CHsCl = CHgz* + CI

CHs* + CI- = CHsCI

HCl = H+ + CF

c.
d.
e.

‘Target 9: | can derive the rate law for a reaction that has a rate-determining step,
 given the elementary steps and their speeds; or, conversely, choose a plausible
~mechanism for a reaction given the rate law. ,

36. What is the molecularity of the elementary chemical step:
H3C*+ + CI- =» H3CClI ;
bimolecular c. termolecular  d. equimolecular

a. unimolecular



37. Which of the following rate expressions is to be expected for the reaction,
A + 2B = E, giventhe mechanism below:

Step1: A + B~ C slowstep ==i» {Q&i@ &3 ﬁ M}@M f%{m gfww

Step2: C = D fast step o
Step3: D + B - E faststep u}ﬁ{“’ ﬁgf@ﬁgg ‘gﬁ}M %‘é‘iﬁ” S iﬁ
a. rate = k [C]2 5}(@? ¢

b. rate = k [A]2[B]3
c. rate = k [A]2[B]?
ate = k [A] [B]

e. rate = k [A] [B] [C]

38. The expenmental!y determlned rate law for the reaction A+ 2B — C+ D s
rate = k[A]

Which of the following mechanisms is plausible for this reaction?

a. step1: A = E+D+2B (slow) Rele = [M
step2: E+2B—=C+A (fast)
b. stepl: A+B—=E+C  (slow) Rake= Y3 @@{E’.}
step2: E+B—=D (fast)
. 1.
j step1: A+ A— E+D slow@&/ﬁ [4)
 step2: E+2B — C+ A~ (fast)
Avze — (4D L }
d. step1: A+A+B—=E+C (slow) @(ﬁ@wﬁ@d 8y
step2: E+C —=D+F (fast)
step3: F > C (fast)

e. None of these mechanisms are plausibie for this reaction.

39. A possible mechanism for the stoichiometric reaction Bro + 2NO — 2NOBr is
shown below. The rate law is

2NO & NyO, (fast, equilibrium) (1, -1)

iy i )
Fom clow clep .
N,Oj + Bry — 2NOBr (slow)  (2) “eg

Reke - 4, [M0(8r)

1
a. k[NOL
b kl[BFZ]E %M” é} i%ﬁ,m&é&g@ g%ﬁ@ Py

ﬁg QUD}L% jzwg @)7’@@‘3

[M?ﬁtg | iﬁw &JQ :i ﬁ e vale (4

ey ﬁw ;@M step !

Rafe - fﬁwz’j@% [WO{,}L L@{E




‘Target 10: | can describe the effects of a catalyst on the energy requirements for
a reaction.

40. A catalyst. ..
a. increases the rate of the forward reaction, but does not alter the rate of the reverse
reaction. . N T
. alters the reaction mechanism. __/DM Ca ‘% hew Mfkﬁif;m s lower Haan
c. increases the average KE of the reactant particles. & of ol prechsnisnn !
d. increases the concentration of the reactants.
e. raises the activation energy of a reaction.

Part lI: Solve each of the following problems. Label all of your answers with
correct units and circle your final answers.

1. The thiosulfate ion is oxidized by iodine according to the following reaction:
282032 (aq) + l2(aq) = S40e?(aq) + 2I(aq)
If, in a certain experiment, 0.0080 mol S2032- is consumed in 1.0 L of solution

each second, B
a) what is the rate of consumption of of I15? L (?j}; D080 Mis) = Q l)@? 4o Mls)
e —o.00asHly

s N "‘“'”

| i 2- ?
b) at what rate is S4062" produced é;@ 0040 M} Sawe s T used wp!

ot i

at what rate is I" produced? MMM |
o P é{\ g0 % oS Sl dal Mﬁ """ M@ﬁ"g@f M.g@%

W

e

2. The following rate data were obtained for the reaction:
2ClOg(agq) + 2O0H(ag) = ClOz(ag) ClOo(ag) + H20(l)
where the rate = -A[CIOo]/At ~

[CIOo, M [OH] M Initial rate (M/s)

o.osoo);l 0.100 5.75x1o-2M_
0.100./** 0.100 o 230x10 K
0.100 - 0.050/ 7~ 1.15X 101

‘Determine the rate law and the value for the rate constant.

from feidls tha ... Rig oo v A0,
T tWals 243 ... | ovdev v OH- @dﬁ ﬁ[&éﬁg ED-% jd

i T S .ﬁw%wm%

oM THAL #\ ... sasxie™ wbs = f ('p osoo Mf“( 0,100 m)

P S T

(T mo o)

S— g
Tt g T s s S



3. It took 143 seconds for 50.0% of a particular substance to decompose. If the
initial concentration was 0.060 M and the decomposition reaction follows
second-order kinetics, what is the value of the rate constant?

4. At 250C the first order rate constant for a reaction is 2.0 X 103 s-1. The

1. 249 & activation energy is 15.0 kd/mol. What is the value of the rate constant at
\:
To= 340 I 75007 (n 2.0 o’ {5 00D T (el < | 0
y ey " . =~ e . T
. 3“«6 J/w( /& e Mﬁ:)

3 .
Mok - In by = _o0 8444 ‘ viaa lea= Gut - ﬁw qTy

5. Consider the foliowing reaction:
Ho(g) + I2(9) = 2HIQg)

The activation energy for the reaction is 167 kd/mol and AH for the reaction is
+28 kd/mol. What is the activation energy for the decomposition of HI? Explain

how you got your answer. o reverce feachon !

or veverce frabiom ...

For g Wew feachon . ..
( (Exo Thermic)

MbO THER-ALC )

SEN




st A,
P ouder
6. Sulfuryl chloride, SO2Clp, decomposes in the gas ph ase into sulfur dioxide,
SO», and chlorine, Clo. The partial pressure of th€ SO2Cls is monitored over
time. It is found that the plot ofdn[SO-Clo[ versus time is linéay, and that in
66.0 seconds the partial pressure of SO2Clo decreased from 135 torr to

98 torr.
a) What is the rate constant for the reaction:

SOxClx(g) =+ SOo(g) + Cla(g)

W B - WY - 5 [ (%) = fnCss)- £ (bbec) ;

J
b) What is the half-life of the reaction?

o e

-0 0&1@

Q M } ,.:w-““"‘mm\““q\w
b 222 (| ()
0. 0pugs ¢ R

7. In an experiment, all the air in a rigid 2.0 L flask is pumped out. Then some
liguid ethanol is injected into the sealed flask, which is held at 35°C. The amount
of liquid ethanol initially decreases, but after five minutes the amount of liquid
ethanol in the flask remains constant. Ethanol has a boiling point of 78.5°C and
an equilibrium vapor pressure of 100 torr at 35°C.

(a) When the amount of liquid ethanol in the flask is constant, is the pressure in

=t Tooli

the flask greater than, less than, or equal to 100 torr? Justify your answer.
The ffessuie word be EQUAL o |00 bir. Because $ae guan :gm%
of M,;iﬁ i@ nat C,Mmgm&h%ﬁé ges % (iz}wfﬁ M;%
have Viea dred tguitirivim ;ﬂﬁ’iww e, Yoo gpeccure of
- : : Vo  IWNeosuUlre,
oAhavol 1w gas plnase apuaks \Afor fressure

(b) The flask is then heated to 45°C, and the pressure in the flask increases. In
terms of kinetic molecular theory, provide TWO reasons that the pressure in

the flask is greater at 45°C than at 35°C. g 2 Possive MM,@@J}

() At Wider tempegatre, there ate mare etbona| gas wolecules o
W Woke collisions ity Hade WU Fgulting w gleatey pressu/ie

D) At hidy Aowperatuve, wolecudec wove fa ;?w Hwes o llidin
witbe wells more %@gmw (é’i@dﬁ“ﬁ i ngﬁr {;}g@yggwgz,
%ﬁ%"ﬁf ) hew collision s withe wWadl

(3) Bacaue w oy fag!
W ek Mo %{m Wg«%({%g M |




In a second experiment, which is performed at a much higher temperature, a
sample of ethanol gas and a copper catalyst are placed in a rigid, empty 1.0 L
flask. The temperature of the flask is held constant, and the initial concentration

- of the ethanol gas is 0.0100 M. The ethanol begins to decompose according to

[Ethanol]

the chemical reaction represented below.
CH3CHo0OH(g) = CHsCHO(g) + H2(9)

The concentration of ethanol gas over time is used to create the three graphs
below.

0.0100 500 ~4504—
0.0080 _ 400 7 g -sw \\\
= -5,
0.0060 £ 300 % E \
= £ 550
0.0040 = 200 // =
— = )
0.0020+— » 100 — = ~6.00 \
0 0 : ~6.50
0 500 1000 1500 2000 0 500 1000 15002000 0 500 1000 15002000
Time (8) Time (s) Time (s)

(c) Given that the reaction order is zero, one, or two, use the information in the
graphs to respond to the following.

(i) Determine the order of the reaction with respect to ethanol. Justify your
answer. Tl orfwv of (alion ic 7€p0! The grapn o o e s o
Sﬂdgﬁ%ﬂ“ e Mﬂi&zﬁ“g Ve (ahe o€ Heclease ﬁ{ clbanel i coustact.
Twe ke of He vrackion fpes MOT Jofend) on  oncentvation.

- (ii) Write the rate law for the reaction. =~

(tete- 1)

(iii) Determine the rate constant for the reaction, including units.

e - _ Alawawl @00 0ow0)n oo
e wosec (1000 i)

(d) The pressure in the flask at the beginning of the experiment is 0.40 atm. If the
ethanol completely decomposes, what is the final pressure in the flask?

e Gmdl @gﬁ%ﬁéf% s O 8oab . This ic fwice e ¢y %éwﬁ
?W%Wﬁ' - The Ve oo gwﬁwﬁg 2 weeg s{ acl g:}! even
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