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Consider the following reaction for the next three questions:
BrO, (aq) + 5 Br'(aq) + 6 H'(aq) ~ 3 Bry(aq) + 3 H,O()
1. If at given moment in time, the rate of change of Br,, A[Br,)/At, = 6.0x10™* M/s, what is
the rate of change of Br” at the same time? _ e 1&¢~ 13 @ vEadzwd (i
w
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2. The rate law for this reaction has been determined to be

do ) N
rate =k [BrO, ][Br ][H'}? O w2 @ pune by
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What is the kinetic order of the reaction?
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3. The rate of the reaction at a particular temperature has been determined to be 8.0x10™*M/s
when [BrO,]=[Br]=[H']= 0.10 M. What is the value of the rate constant at this

temperature?
.o Mg (b) 1.25%1074s™! (c) 8.0x103%g! (d) 0.125 M%7
e) 8.0 M*s™! (ab) 0.125 M's™ :
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4. The following data were obtained at 25°C for the reaction shown below.

2 HgCIi(aq) + Czo42-(aQ) - 2CI'(aq) + 2 COy(g) + Hg,CL(s)

run | initial [ HgCl], | initial [C,0.2], | inital rate, M/s
M

M

1 0.10° 0.10 1.3x10°7
2 0.10 0.20 5.2x107
3 | 020 0.20 1.0x10°°

What is the rate law for this reaction?

(a) rate = k[HgCL,J? (b) rate = k[HgCL/[C,0.* T
(c) rate = k[HgCL][C,0,7] @ate = k[HgCL][C,0. ]
(e) rate = k[HgCLF’[C,0,7]
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5. What would happen to the rate of the reaction in the previous question if it were run at a

higher temperature?

a) The reaction would go slower.
(by/The reaction would go faster.
¢) The reaction would proceed at the same rate.
(d) More information is needed in order to answer this question.
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6. . A particular herbicide is known to decompose in the environment by a first order process
with a rate constant of 3.50%107* hr}, how many days will it take for 90.0% of the
herbicide to decompose?

(a) 11.9 days 0.19 days (c) 1.25 days
(d) 8.85x107® days 4 days
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7. For the following reaction, 3 BrO‘(aé) - BrO; (aq) + 2 Br (aq), aplotof 1/[BrO] vs.
time is linear. What is the kinetjc order of the reaction?

(a) 1* “d (c) 31 (d) 4® () none of the above
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8. Two reactant molecules collide with an energy greater than the activation energy for a
reaction that can take place between the molecules. Will the reaction occur? Choose the
one best answer.

(a) Yes.

(b).No.
C@aybe. In general, the molecules also must collide in a specific orientation in order
or a reaction to take place.

(d) Maybe. The reaction will take place if the collision frequency is greater than the
frequency factor.

(e) Probably not. A collision between three reactant molecules is generally required for a
reaction to occur.
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9. The kinetics of the reaction A + B - C were studied by measuring the concentration of A
as a function of time starting with the following concentrations:

Run [ALM |[BLM | &M A0 Oveln
AL VDS

1 5.0%x107* {020 M

2 5.0x10* 1 0.050 M

t/ VIn @%XCESS
The following plots were made from the data:

Run1[B}=0.20 Run 2 [B] = 0.050
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time, s time, s

Based on the above plots, what is the rate law and the value of the true rate constant for
this reaction?

(a) rate= K[AP[B]": k=263 5! (b) rate= k[A]; k= 0.00085%"
(C) rate = k[AJZ[B]z’ k=0.0017 M—SS-I ﬂ ate = k[A][B]lD’ k =0.0038 M—1/2s—l
(e) rate= K[A][B]* k= 0.00085 M?s”!
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Consider the adjacent free energy diagram for

page 5

the reaction R - P. The X axis gives the fraction
of product, P, in the reaction mixture. For
example, when the fraction of P = 0.20, the i
reaction mixture contains 20% P and 80% R. P
= (0 means only R is present and P = 1 means
only P is present.

10.

11.

12.

According to the diagram, which of the
following is TRUE when the fraction of
P=0.8? -

(a) The reaction will spontaneously move
ig the direction R -~ P.

move in the direction P -~ R.
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(c) The reaction is at equilibrium.

Based on the diagram, what is the value of the equilibrium constant for the reaction?

(a) 0.50 (b) 1.0 (c) 0.67 @) 1.7
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Which TWO of the following are TRUE for an oxidation reaction? (Mark two answers
on your scantron.)

(a

Electrons are consumed. (They are a reactant.)

¢ (b)DElectrons are produced. (They are a product.)

(c)) The oxidation number of at least one atom will increase in going to products.
(d) The oxidation number of at least one atom will decrease in going to products.
(¢) The oxidation numbers will not change in going from reactants to products.
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Consider the following reaction for the next three questions. The overall unbalanced
reaction occurring in the lead acid (car) battery during discharge is

0 Y T
Pb(s) + PbO,s) + SO2(ag) ~ PbSO(s)
2
13.  What is the oxidation number of Pb in PbO,?
+4-4 >0
(@) 0 (b)+2 @4 (d) -2 (€) -4

14.  What is being oxidized in this reaction?
(G@)bo BP0,  (©SO7  (d)PbSO,
Py — Py (- Puioq)
15. What is the balanced reduction half reaction in acid?
(@) PbO,(s) + SO (aq) +2H'(aq) + e- - PbSO(s) + H,0,(1)
(b) Pb(s) + SO, (aq) ~ PbSO,(s) + 2 e-
(©) PbO,(s) + SO (aq) — PbSO,(s) + O,(g) + 2e-
(d) PbO,(s) + SO, (aq) + 2H'(aq) + 2 e- -~ PbSO,(s) + HO(l)

@b02(5)+ S0, (aq) + 4 H'(agq) + 2e- — PbSO,(s) + 2 H,0O()

V€ da X\ b\al*;) XA NNV

-
coF+ Puo, = Pbw SO, PL Ve

{; SS9
Lo + Poo, — P S0 r M0 O eclanet

(oY + P, * dn* = PLSOn r 20 R batened
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Consider the following electrochemical cell for the next tv;o questions: e e
Aropve p Chanons g ->MA Poa,u-c{')\
Fe /Fe(NO,),(aq) // AgNOy(aq) / Ag Conmyuame
’ oX coMroa & e node.
| g <& )
16.  The diagram to the right shows a physical P _
representation of the cell, Fill in the blanks ~ C 141 0VE AnOVE

are located and in what direction ions are
flowing between compartments when Z U

. . 1. b; :ﬁ 5.CL
current is flowing. HINT: Look at the @r N L—_ﬁf
direction of e- flow to tell which electrode 3. I
is the anode and which is the cathode.

to indicate where the different components ’

|2. nz,I\D3 I ]4.Pr(ng

(a) 1. Fe; 2. FeNO,), (aq); 3. ~“NO;7; 4. AgNOy(aq); 5. Ag C\rarge e

(b) 1. Fe; 2. Fe(NO,), (aq); 3. NO,™~; 4. AgNO;(aq); 5. Ag o Cloaw 1w
- CA oy o wy
(c) 1. Ag; 2. AgNO,(ag); 3. -NO;™ ; 4. Fe(NO;), (aq); 5. Fe looyp

. Ag; 2. AgNO,(aq); 3. NO,™~; 4. Fe(NO;), (aq); 5. Fe

(&) 1. Ag; 2. Fe(NO,y),(aq); 3. NO; ~; 4. AgNO,(aq); 5. Fe

17. What is E°cell?

@.zsv 035V  (©)-125V (d)0.03V  (e)-0.03V

CO\Y"\OOC—L \r\% oty __L_:/_?__.
Pt +e- — !\3 () O oV
Prooe Wneotg, vxa
Fe'™ » Te — Fe (S) -0 YU

° e - : = - (0 U3
6C€LL, E g™ E wa® 080-L )
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18. K for the following reaction is 22.5 at 25°C. If this reaction was the overall reaction
occurring in an electgchemhal cell, what would be E°cell at 25°C?
o

ale
Fe(s) . + Cd*(ag) = Fe*(ag) + Cd(s)
(@) 022V (b) ~0.04 V Q.04 V @ -1.52V
(e)1.52V (ab) -0.22V &6
AG = W A K @’1’31‘—1 >lo})_)(’(ﬁ8 lf\%%@l r)

= -)0E \43—/\M.u'k = ‘77'?"0%

AG": nFE® 22 E°2.2006° - _").7!3,.10 T
nF [,_Z‘g%}(cié%’fwg

19.  Which of the following would be the best reducing agent? =0.04 :5;_1 l 0.0V

@ze) (B OBl @Bra) (@F e (@) F ATy
\—’\,—/ S N ~—— [M
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20.  The following concentration cell could be used to measure pH:

Ni / Ni(OH),(s), NaOH (ag, 1 M) // OH" (aq, ?) , Ni(OH),(s) / Ni
SravieAgivelh C o viaka s ey
IfE ;= 0.245 V, what is the pH of the solution on the right?

@1232 (01055 (0567 ({586 (©) 384

hof, o~ Ru(en), (naTe & NI r 200y
< - £, - £
//C&L,L L’
. 028V = / O.07aY Lo, Con /Z/

OV = ,% (o, osm.\/ﬁ Lﬂ Cow-1\

014V - ey Lo =4, 1585 = - PO
-0, 0541V \(\» \l)) Olﬁ‘)% -’PO'A’ ) =
A R N T .26 |




EQUATIONS and ADDITIONAL INFO

EceII = Ecat - Ean 00 + ne
AG = -nFE_, E =FE° - 0.0592V10g [RT

AG® = - RTInK or AG® =

_AG° -AGT
K=e & or K = 10 2303&T
A A
In [—]—’ = -kt or log —[—i
4], 4],

- 2.303RTlogK

at 25°C

InfA], = -kt + InfA], or log[A], = -kt/2.303 + log[A],

Il

AL kt + 1Al

k = Ae E4/(RT)

F =96485 coul/mol R =8.314x107* kJ/(mol'K)  Volt = Joule/coul

Standard Electrode Potentials at 25°C

Half Reaction
Ag'(aq) + ¢ Ag(s)
AgCl(s) + e Ag(s) + Cl(aq)

Br,() + 2¢ 2 Br(aq)

Cl(g) + 2e- 2Cl'(aq)
Co*(aq) + e = Co*(aq)
Cu'(aq) + e- = Cu(s)

Cu2+(aq__) +2e- = Cu(s)

Cu*(aq) + e- = Cu'(aq)

Fe*’(aq) + 2e- = Fe(s)

Fe(aq) + e = Fe¥(aq)
2H'(aq)+ 2e- = Hy(g)

2H,0(aq) + 2 e- = Hyg)+ 20H (aq)
2Hg¥(aq) + 2e- = 2 Hg,*"(aq)
Hg,(aq) + 2e- = 2Hg()
Hg,S0,(s) + 2e- = 2Hg() + SO,*(aq)
I(s) + 2e- = 2T1(aq)

Mg (aq) + 2e- = Mg(s)
Ni*'(aq) + 2¢ = Ni(s)
Ni(OH)(s) + 2e- = Ni(s) + 20H (aq)
Pb¥*(aq) + 2e- = Pb(s)
S,04(aq) + 2¢ = 280,7(aq)
Su*(aq) + 2¢ = Si(aq)
Sn¥*(aq) + 2¢ = Sn(s)

Zn*(aq) + 2e- = Zx(s)

AgBr(s) + e = Ag(s) + Br(aq)

+0.80 V
+0,2223 V
+0.07V
+1.09V
+1.36V
+1.82V
+0.52V
+0.34V
+0.159V
~-045V
+0.77V
0.000V
-0.828V
+0.905V
07961V
0.6158V
+0.54V
=237V
-0.257V
-0.72V
-0.126 V
+2.01V
+0.15V
-0.138V
-0.76 V

0°C=273.15K



Chem 201 Exam 3 - Form A
Spring 2011

Consider the adjacent free energy diagram for

page 1

the reaction R ~ P. The X axis gives the

fraction of product, P, in the reaction mixture.
For example, when the fraction of P = 0.20,
the reaction mixture contains 20% P and 80% I Yengs wove

R. P =0 means only R is present and P =1 SPuntoneoun ity

means only P is present. i Aoum bl v (5

1. According to the diagram, which of X
the following is TRUE when the
fraction of P = 0.3?

e reaction will spontaneously

+

move in the direction R — P. —t

(b)Thereactionwﬂl SpOIltﬁJlCOUSly 0 01 02 03 04 05 06 07 08 09

move in the direction P ~ R. Fraction P

(c) The reaction is at equilibrium.

2. Based on the diagram, what is the value of the equilibrium constant for the reaction?

@ 0.67  (b)1.0 © 1.7 .5 (€) 0.50
gTCL Fé)vm 6/ ﬁ H

on your scantron.)

Electrons are consumed. (They are a reactant.)
(b) Electrons are produced. (They are a product.)
(c) The oxidation number of at least one atom will increase in going to products.

d)/ The oxidation number of at least one atom will decrease in going to products.-

(¢) The oxidation numbers will not change in going from reactants to products.

Which TWO of the following are TRUE for an reduction reaction? (Mark two answers
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Consider the following reaction for the next three questions. The overall unbalanced
reaction occurring in the lead acid (car) battery during discharge is
0 +Y4 - - XL
Pb(s) + PbO,(s) + SO (agq) - PbSO,s)

L -
4, What is the oxidation number of Pb in Ptéog b

@0 2 () +4 @) -2 () -4

5. What is being oxidized in this reaction?

b (b)PbO, ()80  (d)PbSO,

P2 - Py oxsr T

6. What is the balanced reduction half reaction in acid?
(a) PbO,(s) + SO (aq) +2H'(aq) + e- » PbSO,(s) + H,0,(1)
(b) Pb(s) + SO (aq) » PbSO(s) + 2 e-
@}boz(s)+ SO/ (aq) + 4 H'(aq) + 2 e- -~ PbSO,(s) + 2 H,0())
(d) PbO,(s) + SO, (aq) + 2 H'(ag) + 2 e- - PbSO,(s) + H,0()
(e) PbO,(s) + SO (ag) — PbSO,(s)+ Oxg) + 2 e-

See Formm B B
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Consider the following electrochemical cell for the next two questions:

povne C oS
Ag/ AgNO,(aq) // Fe(NO,), (aq) / Fe

7. The diagram to the right shows a physical

e-
-
representation of the cell. Fill intheblanks »~p 5y pe e
to indicate where the different components to0€
(AN
Lnnnnny Annannnng

are located and in what direction ions are

R ‘
flowing between compartments when nannhananand Ww\
current is flowing. HINT: Look at the 1.4 @
direction of e~ flow to tell which 3. 00~
electrode is the anode and which is the
cathode.

2. Fc:i UO}\;' 4. P‘iwlfl/

(a) 1. Ag; 2. AgNO,(aq); 3. “NO,™ ; 4. Fe(NOs), (aq); 5. Fe /

Oy el
(b) l Ag, 2’.7 F?(ITIQQ%(@;B.NOQ'»;4. AgNO,(aq); S. Fe e Comnp\eG
(©) 1. Ag; 2. AgNO,(aq); 3. NO, ~; 4. Fe(NO,), (aq); 5. Fe loey of, Crvre~t

(d) 1. Fe; 2. Fe(NO,),(aq); 3. «NO,; 4. AgNO,4(aq); 5. Ag

. Fe: 2. Fe(NO,), (aq); 3. NO; ~; 4. AgNO,(aq); 5. Ag

8. What is E°cell?
(@) 0.03 V @1.25V (©-0.03V (d)035V  (e) 125V
Prnooe Pre = Ry E° = OFor
(osmenc  Feta e o Te €%+ -Dur

0 ') -]
EC«:’LL AN £ Prog

=  _~0,.us - [owgo)

1\

tf\\'LS\/ '
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9. K for the following reaction is 0.0444 at 25°C. If this reaction was the overall reaction
occurring in an electrochemical cell, what would be E°cell at 25°C?
L’zc ™
Fe*(aq) + Cd(s) = Fe(s) + Cd*(aq)
(2) 0.04 V (b)-1.52V (c)0.22V @152V
0.04V (ab) -0.22V
A()o = -\ I = -—é\b\"( >\O_E\(2"\y\\f \‘-'—) /QM(O\QHH"B
ast A < :
—— oo J >
= 77720 g * e .70 »10 J'/

AL FE” e 5= &% - 2020103~ ~0.043
-n F - S AWV Cord
— (v M ApHETCod)

10.  Which of the following would be the best oxidizing agent? l -0 .04V ’

(@) Zn"(aq)  (b) Zn(s) n)  (@Br(ag) (e Fe’(ag) (ab)Fe(s)
—_— e\

€2 = -0V E° = \.ocav E° =0, Uusv

bPI‘\' oYkt 7””’1’3 0\\3@/4' (PN RN \36 oYX AL E5v an
In oA, W™ L] wosr Posthus e

11.  The following concentration cell could be used to measure pH:
Ni / Ni(OH),(s), NaOH (aq, 1 M) // OH" (aq, ?) , Ni(OH),(s) / Ni
IfE,; = 0.0992 V, what is the pH of the solution on the right?

2-32 (b) 5.67 (c)10.55 (d) 9.86 (©) 3.84
Cee W20 Lo & B sel o

O.0Aaa2LV = —0D.0s5aLV A,.J) [,OH'l

“De0nV LA, LonN= |, 676 = —¢oW
— 0054V _
pH = 12,9965 - pot = | B5A965 - 1,676
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Consider the following reaction for the next three questions:

12.

13.

14.

B0, (aq) + 5 Br(aq) + 6 H'(aq) - 3 Br,(aq) + 3 H,O()

If at given moment in time, the rate of change of Br™, A[Br J/At, = -6.0x107* M/s, what is

the rate of change of Br, at the same time? Siviee (ora S P rocdaask et
be ey ng s vele of Clanpt

(a)ms @WS (C) 1,0)(10_3 M/S @3‘6)(10-4 M/S v P&?k\r\\&—

(e) 1.8x107°M/s

v albed o L alen)y
petER s Ot
‘ -t
.y ALY . ALMAY = Ay (-6.0=1077 My
I Y DY =
-’-!Z\bxlo ™M

The rate law for this reaction has been determined ta be
| 1
rate =k [BrO; ][Br ][H']?

What is the kinetic order of the reaction?

(a) 1 (6" (c) 12* @2 i

The rate of the reaction at a particular temperature has been determined to be
1.25x107°M/s when [BrO, ] = [Br']=[H']= 0.10 M. What is the value of the rate
constant at this temperature?

(2) 8.0x107 57! (b) 0.125 M*s™! @0.125 M35
(d) 1.25x10™*s™ (e) 8.0 M*s! ab) 8.0 M3™!
roks = X LBoa 0B 10"
-5
A - Yok . \as»ao My,

CE:;:’S ENAYIGAY (00 )™



Chem 201 Exam 3 - Form A page 6
Spring 2011

15.  The following data were obtained at 25 °C for the reaction shown below.

2 HeCly(aq) + C,0.7(aq) ~ 2Cl'(aq) + 2COLg) + Hg,Cl(s)

ran | initial [ HgCL], | initial [C,0.2], | inital rate, M/s
M M
1 0.10 0.20 5.2x1077
2 0.10 0.10 1.3x10°7
3 0.20 0.20 1.0x10°

What is the rate law for this reaction?

(a) rate = K[HgCL][C,0,"] () Aate = K[HgCL][C,0 T
(c) rate = k[HgCL[C,0,” T (d) rate = k[HgCL]?
(e) rate = k[HgCL]*[C,0,"]

SM g()va\n & p HL{
Tor Yho  veanm of ) Moo prodolen~

Cowmlpane vung 120 4 4y Aedervnva X
Onh vy 10T e Aedenmins =

> AT
Yol .A<[ Hsé\tx [C ZO"‘L 1

16.  What would happen to the rate of the reaction in the previous question if it were run at a
higher temperature?

(a) The reaction would proceed at the same rate.
(b) The reaction would go slower.
@he reaction would go faster.
(d) More information is needed in order to answer this question.

s o otweg Cete & yee T
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17. A particular herbicide is known to decompose in the environment by a first order process
with a rate constant of 3.50x107 hr'!, how many days will it take for 10.0% of the

herbicide to decompose? .
P T 4q 0% venarins

(al l .85x10°2 days (b) 11.9 days (¢) 27.4 days

.25 days (e) 0.19 days
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18.  For the following reaction, 3 BrO (aq) ~ BrO,(aq) + 2 Br'(aq), a plot of 1/[BrO] vs.
5 time is linear. What is the kinetic order of the reaction?

““ (b) 4 (c) 3¢ (d) 1% (€) none of the above
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19.  Two reactant molecules collide with an energy greater than the activation energy for a
reaction that can take place between the molecules. Will the reaction occur? Choose the
one best answer.

(a) No.

(b) Yes.

(c) Probably not. A collision between three reactant molecules is generally required for a
reaction to occur.

(d) Maybe. The reaction will take place if the collision frequency is greater than the

requency factor. . o
Maybe. In general, the molecules also must collide in a specific orientation in order
for a reaction to take place.
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20.  The kinetics of the reaction A + B ~ C were studied by measuring the concentration of A
as a function of time starting with the following concentrations:

Run [ALM | [B,M
1 5.0x10™* | 020 M
2 5.0x10™* | 0.050 M

The following plots were made from the data:

Run 1 [B] = 0.20 W Run 2 [B] = 0.050
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Based on the above plots, what is the rate law and the value of the true rate constant for
this reaetion?

rate = k[A][B]"% k =0.0038 M "%s™!  (b) rate = k[A][B]% k = 0.00085 M2s™!

(c) rate = k[AJ[B)% k=0.0017 M3s7! (d) rate =k[AP[B]"%; k=2635s"!
() rate = k[A]; k = 0.00085 %"
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