Use the following information to answer the next question.

At the Wascana Gas Plant in Balzac, Alberta, environmental and economic concerns
have resulted in the development of an efficient process for the removal of sulphur
from sour gas, which is a mixture of hydrocarbons and HS,. In the first step of the
process, one-third of the HaS(g) reacts with Oy to produce SOy, In the second step
of the process, the SOy produced reacts with the remaining H,S to form elemental
sulphur and water,

Step I 2HaS(g) + 3 0x(g) — 2H0(g) + 2 SO4(e)
Step II 2H,S(g) + 2S0x(g) — 2H0(e) + 3 S(s)
' 3l - 0 -9 D

)
Overall Equation: 2HpS8(g) + Oa(g) — 2H,0(g) + 2 8(s)

% \_(}i‘\.fiﬂ.é

0

lose € =

1. As Hy3(g) forms S(s), the oxidation number of sulphur -0 O
A. changes from 0 fo=7"and sulphur is reduced ‘

changes from -2 to 0 and sulphur is oxidized
C. decreases by /2/ and hydrogen sulphide acts as the reducing agent

D. stays the same because the sulphur is neither oxidized nor reducedx

Use the following information to answer the next question.

U3+(aq) + La(s) — La3+(aq) + U(s)
Y**(aq) + U(s) = no reaction
Y*(aq) + La(s) = La’*(aq) + Y(s)

2. The oxidizing agents above, listed from strongest to weakest, are

A. U™(aq), La**(aq), Y**(aq) CoR
(B)V" ), ¥ (e L uzs At
B.)U™(aq), Y (aq), La™"(aq)

C. Y(aq), U*(aq), La*"(aq) ~3r y

D. U(s), Y(s), Lalgy Lﬁ’"\f a



Use the following information to answer the next question.

A farmer noticed a white substance around the scratches on his zinc-coated steel
grain bins. His daughter, who had just completed Chemistry 30, correctly told him
that the zinc was being oxidized.

3. Inthe process of being oxidized, the zinc
A. gained electrons to produce more Zn(s)

.lost electrons and became Zn**(aq)
C. gained protons to produce Zn**(aq)

24 -
2N (e T AR

D. lost protons and became Zn(s)

3 -2
4. The oxidation number of chrom1um in NayCr3014(s) is

@+6
(va) & 3(x) + (-30) 2O

B. +18
C. +1 2% = L‘}(_
D. +3 3 =

x =l

Use the following information to answer the next question.

A student used an acidified 6.31x107 mol/L. KMnO4(aq) solution to titrate 25.0 mL
sa.mples of Fe**(aq) solutlon of unknown concentration. In the reactions, the Fe**(aq)
ion was oxidized to the Fe’*(aq) ion. The student completed five trials and
summarized the data in a table.

Trial Number 1 2 3 4 5
Final Buret Reading | 17.55 35.65 26.40 42.65 16.85
(mL)
Initial Buret Reading | 0.30 - 17.55 10.05 26.40 0.55
(mL)
Final Colour murple purple pink pink pink
11,25 B (1625 1b2s ¥ hR)
.. = = ilagmL
~oF
5. Agcording to the student’s data, the concentration of Fe?*(aq) is
.206 mol/L \
B. 0.218 mol/L g[ Fe>t — Fe® vle”)

D. 0.223 mol/L A
- — . o
5Fe? + Mely +BRT >5Fe et e O

Q5. 0ml b. 31D Senel/l
o 2wt ‘

c=" o‘ FE o —
, 2pelx b 3110wl g Son
2 —'——J iwﬂu@wm 5.0l
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Use the following information to answer the next question.

Electroplating Cell Co (\,LL o
Power Source @ Caslhode

ounsdl /‘"—@—J @i_

:1‘) cf:,.l I'

'“"‘@ Mo(\.,ﬂ’

Car
bumper (4)

i @ Crz*(aq; @ NOS—faq}J

= .
0463

[l Use the numbers that identify the parfs of the electroplating cell in the diagram above to
complete the statements below.

The cathode is identified by ! (Record in the first column)

MNumerical Re e

spons

The electron movement is identified by 3 {Record in the second column)
The cation movement is identified by . R (Record in the third column)
The alélion is identified by L (Record in the fourth column)

J

{Record your answer-in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

The following are materials used by Chemistry 30 students in laboratory work.

@ﬂectrodes /5 thermometer

/2 insulated containers lectrolytes
| (7

pH paper external circuit
orous boundary /8/ buret

Numerical Response

The materials necessary to construct and operational voltaic cell are, in numerical order,
. A l d
L] » o s an

(Record your four-digit answer in the numerical-response section on the answer sheet)

3



Use the following information to answer the next three questions.

Restorers of antique cars often refinish chrome-plated parts by electroplating them.
The part is attached to one electrode of an electrolytic cell in- whicl the other electrode
is lead. The electrolyte is a solution of dichromic ac1d H2Cr207(aq)

‘--_,__ﬂ____ﬁ__,_

6. The plating of chromium metal will take place at the .

A. anode where oxidation occurs C™ s 2a™ 3 Qe )

B. anode where 1'eduction occurs

C. cathode where oxidation occurs ﬁ

D. Jcathode where reduction occurs C""l 0 B b R Y {2e” = ‘Q C‘r 's% Jr 7[419

bes} T Pite Qﬂ

7. During the operatmn of this cell,
A, Pb(s) is reglu

B. HyCrO4(aq) is 0 idized
: @the pH of the solution increases
D. thetotal-energy-ofthe-system decreases

8. A metal that will react spontaneously with Cr**(ag) in a chromium-plating solution is

aluminum . oy
. ' S Sesy
B. cadmium L Cc\rgp
C. lead ’
¢ C’r’é‘r
. tin T
> A \ 1)

9. The voltage of an electrochemical cell is +0.20 V. If one of the half-reactions is the
o st reduction of Cu**(aq), then the other half-reaction that occurs could be

A. 21(aq) — 12(5) +2¢ EDCLQ,Q. - E‘Ocoj(hadp, - ECMOQ
A0 2 + 2 s -

- = L NE
COHuSa) ~ S + 2H' () + 2¢° ¥ 020 ®
D. I(s) + 2¢" — 217(aq)
The answer should be C - not B - need oxidation. X~ O N



Use the following information to answer the next question.

A chromium electroplating cell needs to operate at a current of 2000 A to plate 112 g
of chromium onto a car bumper,

Ce®™ & D™ —3 C'(“Ls)

Numerical Response

In order to plate the bumper, the number of moles of chromium(Il) ions that must react in
the cell is R NS mol.

(Record your three-digit answer in the numerical-response section on the answer sheet)

ol Vol Ce?t
Ngf G o e e e 5 1S el

00 !
P09 ot Cresy

Use your recorded answer for Numerical Response 3 to answer Numerical Response 4*,

Numerical Response

In order to plate the bumper, the cell must operate for 2 M min.

(Record your three-digit answer in the numerical-résponse section on the answer sheet)
*You can still receive marks for this question even if the previous question was answered incorrectly.
Nagerx 28 aede” quexdle v e g
oR ‘0?5/ \vw:{\ Cresy Nwl/e o) OOOQ f_of}':f ‘

Use the following information to answer the next question.

Some car manufacturers have designed an anticorrosion system that sends a weak
electric current from the battery to the frame of the car. The current prov1des a source
of electrons, which reduces corrosion of the steel frame.

10. Which of the following methods could not be used as an alternative to the method of
corrosion prevention described above?

A. Galvanize the steel frame with zinc. \/

B. Coat the steel frame with inert plastic polymers. T

C. Use a paint that prevents contact of the steel frame with the environmentt—"

olt sacrificial anodes made oo the steel frame.

U wooutd not be o SEA
Hram Hae sheel Frama
cwoould Tt act as a seceriXic (ol
node



Use the following information to answer the next question.

N
Electrochemicat Cell Cts) ; N%fi‘fﬂ T “q) ) He D
}

SRA

1.00 L of 1.0 mol/L. NaIm)

pH=7.00

The diagram above provides a representation of the process of electrolysis.

11. Which of the following statements describes what happens during the operation of this
cell?

{yothate N AL -
A. Chemical energy is converted to electrical energy. x 20+ 2™ = Al‘f’)ﬁ OR
Electrical energy is converted to chemical energy.

o1 = Lot de”
C. Electrons flow toward the M
D. Plating takes place at the angflé ba_ﬁe,ﬂi

—
Chnprn
ok ‘
(dﬂz’/h;\rgvg ' ”e’m"‘"ﬁ\‘f N

Use the following information to answer the next question,

2 RhCl™(aq) + 3 Zn(s) — 3 Zn*"(aq) + 2 Rh(s) + 12 Cl"(aq) Elu=+1.20V

(Numerical Response

Sy 272 £ 0
The standard electrode. potential for the half-reaction
RhCl*"(aq) + 3¢ — Rh(s) + 6 Cl'(aq) is+/— {44

thdtud —Tdﬁa(_{ﬁ. ]
V.

(Record your three;_digit answer in the numerical-response section on the answer sheet)
o - T e - (o
£ ° ol E%astn £ “ndo

|20 ¥ o

il

(~0.57V)
LV = 02‘ L/L;V



Use the following information to answer the viext four questions.

Concern about increased air pollution and the increasing use of non-renewable
resources has accelerated research into alternatives to the internal combustion engine,
One alternative is a battery-powered electric motor. ‘Several “new” efficient batteries
are being tested. The diagram below represents one of these batteries.

. Aluminum-Air Battery

Porous cathode

Flowing electrolyte  Flowing moist air
NaOH,,,, (Oagen H:Op)

12, In this aluminum-air battery, the Ox(g) acts as the

A. red}oif@ agent and gains electrons o0
B. redpeifg agent and loses electrons OZLS) + W20, n FHe > WolT 04O
@oxidizing agent and gains electrons (veduce d)

D. oxidizing agent and loses electrons
A \L‘Sﬁ — A’\g*ﬁ + Re~ - b

13, The reduction half-reaction for this aluminum-air battery is
A. 2H,0() + 2¢ — Hafg) + 2 OH(aq)

B. Na'(aq) + ¢ — Na(s)
C. Oxg) + 4H(aq) + 4¢ — 2 H,0()
@Og(g) + 2H0() + 4¢” — 4 OH(aq)

Use the answer selected for Multiple Choice 15 to answer Multiple Choice 16.*

14. The standard voltage produced by this aluminum-air cell is
A, 1236V E'OCQQQ = E.Oca:irh - any\adﬂ
\B.)+2.06 V _
= o040 - (~1bb)
C. +0.83V .
D. -1.05V ®-Ob\

*You can receive marks for this question even if the previous-question was answered incorrectly.



Use your recorded answer for Multiple Choice 14 to answer Numerical Response 6, *

Numerical Response

When three aluminum-air cells are connected in series, the net voltage generated by the
il ) . ,
battery is +/ o-\% v 2.06L L3 = L%

(Record your three-digit answer in the numerical-response section on the answer sheet)
*You can receive marks for this gquestion even if the previous question was answered incorrectly.

Use the following information to answer the next three questions.

3

At the Banff Wastewater Treatment plant, bacteria are used to treat organic “sludge
(CH2O0)y5) in a process called autothermal thermophilic aerobic digestion (ATAD).

The digestion of the sludge can be represented by the equation

Dl -2 _ +4 -2
(CH30)u(s) + n Oa(g) bacteria p 1COAg) + nH00) "'

L o

15. At the treatment plant, the enzymes in the bacteria act as
A. buffers '

B. reducing agents
C. oxidizing agents
@biological catalysts

16. The ATAD process is
A. areduction

exothermic
C. endothermic

D. an acid-base reaction

17. During the digestion process, the carbon in the sludge is
A. reduced 5 werdized N
g Sy

oxidized %, 5 C
C. amphoteric '

D. precipitated



Use the following information (o answer the next two questions.

Electronic hobbyists often “etch” circuit boards. In this process, unwanted copper foil
is removed from a copper-clad plastic circuit board by immersing the board in a bath
of iron(III) chloride solution. The equation for the net reaction is
o 42
Cu(s) + 2Fe**(aq) — Cu¥(aq) + 2 Fe**(aq)

18. In the reaction above, in which the unwanted copper foil is removed,

A. copper ion§ are reduced oy dtred
- T
@ copper atoms are oxidized v 6 ——> + 2

C. irog@Hj’iBﬁs act as the oxidizing agent
D. iron(IIl) ions act as the redyeirfg agent

19. Which of the following statements and corresponding net voltages are correct for this
reaction?

X , . o VT
= -} . . (w2 .
It is a spontaneous reaction with an E°pe = +0.43 V C T‘e 24 +lem Te 24 0N

B. It is a spontaneous reaction with an E% =+1.11 V. CL“‘D@

+ - U
= Cu?' +e 0.3
C. A power supply is required because the E° = -0.43 V, Cues)
D. A power supply is required because qle Elre=~-1.11V. OHRY

Use the following information to answer the next question.

ICCP (Impressed Current Cathodic Protection) is a corrosion prevention technique
that is used to protect buried metal structures. A low-voltage current (electron flow) is

- applied to the buried metal structure such that only reduction reactions can oceur at its
surface. '

Numerical Response

The ground water surrounding the buried metal structure may contain the following ions.

soft

1 Pb;:(aq) Te®t
2 F e3+(aq) Pl %
3 Fe 2+(falq) 24
4 Cd™"(aq) Ca "
: e
The order in which these ions are reduced on the surface of the metal structure is = 3

L ., 4 ad 7 .. ’

(Record your four-digit answer in the numerical-response section on the answer sheet)

9



Use the following information to answer the next three questions.

A student dipped 12.50 g strips of four different metals, Ag(s), Cu(s), Pb(s), and
Mg(s), into a beaker containing 250 mL of 1.00 mol/L HCl(aq) in order to determine
an activity series. One of the metals reacted immediately and vigorously with the

acid.

20. The balanced net-ionic equation for the first reaction that occurred is . A.. )
A. 2 Ag(s) + 2H"(aq) — Hay(g) + 2 Ag'(aq) - 3

o
B. Cu(s) + 2H%aq) — Hy(g) + Cu’*(aq) //_‘_r,;, Cueg)
C. Pb(s) + 2H'(aq) ~ Ha(g) + Pb™"(ag) W
(®)Mee) + 2H ) ~ Hie) + Me*e) TP Pl
| . RN

Use your recorded answer for Multiple Choice 20 fo answer Numerical Response 8.*

o =
Ecst = Ecotin ~ E°ancda

Bl The electrical potential for this reaction is +/- _2.27F V. ©.00 (~2.33v)

(Record your three-digit answer in the numerical-response section on the answer sheet)
*You can receive marks for this question even if the previous question was answered incorrectly.

Use your recorded answer for Multiple Choice 20 to answer Numerical Response 9.%

Numerical Responsg

The mass of metal that reacted with the hydrochloric acidis_%.04 g

(Record your three-digit answer in the numerical-response section on the answer sheet)
*You can receive marks for this question even if the previous question was answered incorrectly.

s o, -] 1 T
oY - H ¢y " [‘*’\6 f%)
0.2%01 .
Y ooma/t.

Mgts') v

was 7

o,;{go%x \;—9_0";2@;\ v \\rﬁi_i:i_ « E’:LEL - 310331553

y a‘[ﬂ P(‘\+ “}0« = 30“‘3

10



Use the following information to answer the next two questions.

Voltaic cells are used as portable sources of electrical energy. One common cell is the

rechargeable nickel-cadmium cell.
L0 ¥ Cdig) = CAOH), #(QW;_' -
QO 2 ot

PHB 300+ edis) 5 CALOMY, +HeB +2

U Cdegy 200> CAo)z + Qe”
m— Separator '
: Cd,,
Separator
Ni0,y,

The equ(aDtion rc;presgnting the discharge of this cell is
NiOx(s) + Cd(s) + 2 HoO(l) — Cd(OH)(s) + Ni(OH)a(s)

&
7
O
NEWY
AN . , _ o
'O:(V o, 21. The oxidation half-reaction for the discharge of this cell is
0\;" y 4 /“‘-'/’/ @ Cd(s) + 2 0H(aq) — Cd(OH)y(s) + 2e" A Not in curricelanmn
:‘JW B. NiOy(s) + 2H,O(l) + 2¢~ — Ni(OH)y(s) + 2 OH-(aq) any rove
C. NiOy(s) + 2 HyO(1) — Ni(OH)x(s) + 2 OH(aq) + 2 &

D. Cd(s) + 20H(aq) + 2e” — Cd(OH)(s)

* 22, In this system, the strongest oxidizing agent is
ADNIOy(s) -~

-’

B. Cd(s) '\fbﬂ) QQ"Q&E) + NiG, - NWOH), -+ 20H”

C. Cd(OH)y(s)
D. H,0()

Ni0, + 2420 492~ => NOH), + R0H™

23. If the electrochemical cell Cd(s) / Cd**(aq)/Ag’(s) /Ag(s) produces a 6.00 A current for
Q0 h, the mass change of the anode will be a

9 5.2 g decrease 24 e
0(\,0. Cd —3 Ca t @
B. 2.25 gincrease an > b.coA

s 7
2

C. 48.3 g decrease .

D. 483 gincrease i x 3L00s y L.OOC raole” « \M v HQ‘M\g
e $ 9Lp3ub"C Qmele” Mol

11
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Use the following information to answer the next question.

Copper can be refined (purified) using an apparatus like the one shown below, which
is a small-scale version of an industrial apparatus. .
Etectvore i tag

~

Purified

Implire
- - copper sheet .

copper slab

24. [n this electrochemical cell, the pur1ﬁed copper sheet acts at the
A. anode and is the site where SO4>(aq) ions are oxidized

B. cathode and is the site where SO4*“(aq) ions are reduced

C. anode and is the site where Cu®*(aq) ions are oxidized
cathode and is the site where Cu**(aq) ions are reduced

Numerical Response

If the direct current power supply produces a steady 3.50 A current, then the time required
to deposit 0.100 g of purified copper is _%ls. % __s.

(Record your three-digit answer in the numerical-response section on the answer sheet)
LUzt v > Cucs)
3.50A 0.160q
b=

FSyie” .7
o\ Cu~xm2’"-&af—ﬂ>'%ﬁfjé€%“ /Q/‘" B T
003 5

6353, Lmprtu € IS0 g s

12



Use the following information to answer the next question.

A voltaic cell capable of lighting a small light bulb can be made by placing copper and
zing strips in a lemon.

Numerical Response

m Identify the part of the voltaic cell, as numbeéred above, that corresponds to each of the
descriptors listed below:.

Anode & (Record in the first column)
Cathode \ {Record in the second cofurnn)
Electron flow Ll (Record in the third column)
Electrolyte 3 (Record in the fourth column)

(Record your four-digit answer in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

| A particular voltaic cell is represented by

Ag(s)/ Ag'(aq) // Cry07(aq), Cr**(aq), H'(aq) / C(s)

23. The net ionic equation for this voltaic cell is
Ag(s) + Cn07"(aq) + 14 H'(ag) — 6 Ag'(aq) + 2.Cr*(ag) + 7 H0()

B. 6Ag'aq) + CrO(aq) + 14 H'(aq) — 6 Ag(s) + 2 Cr¥(aq) + 7 H0())
C. Ag(s) + Cr07"(aq) + 14 H'(aq) — Ag'(aq) + 2 Cr¥(aq) + 7 H,0()
D. Ag'(aq) + Cr.07"(aq) + 14 H'(aq) — Ag(s) + 2 Cr'*(aq) + 7 H,0(])

ConOpt + MY+ fpe™ —5 2073 + THO
13 (‘?CA‘ﬁl'ﬂ —y Aa"x & Ee“\>



Use the following information to answer the next two questions.

Hydrogen-oxygen fuel cells have been used for years in spacecraft and more recenily
in small-scale power plants to generate electricity. Now, some governments and
companies are working together to perfect this type of fuel cell for automobile use,
and experiments are currently being conducted with operational prototypes. A
diagram of a hydrogen-oxygen fuel cell is shown belobv;f)p%

¢

S R
o X"
Porous carbon .
electrodes contavung —
catudysts
@ ey e——— e O,"J;.’JCD
i i
T Ao
—
LA

i3
e g—\ouu Jono Q0 \-o cofnedn

Numerical Response

In the diagram above, the anode, the cathode, the electrolyte, and a product of the reaction

are labelled, respectively, 22, |, , S . and

{Record your four-digit answer in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

The sodium metal in television picture tubes reacts with oxygen that would otherwise
oxidize the tungsten and phosphorus found in the tubes. Tungsten and phosphorus are
vital to the function of picture tubes.

umerical Response

The mass of sodium that will react when 0.350 mol of electrons is transferred is

5.0 g
(Record your three—digit answer in the numerical-response section on the answer sheet)

Ne¥ +le™ = Nacs
0 .250ma) M= 7

1 0. 550l % Vrndl Nfi\; x 224

\W‘.f)\,fh Wwﬁ\
’ - CS-OSC’\



Use the following information to answer the next question.

An Electrochemical Cell

: Salt bridge
! 1.0 mol/L NaNO;,w |

1.0 molL = Porous

cran 2
Cuz.\.fcw and 3042"(34) cotior: plugs I gy and 50,7 oy
ot t - Cﬁ% -
Nax | NOs, Cu™ X TOL*T, EnTT, Y2 0as , Clesy, Zh(s)
SoR S~ RB <sef

- oRn
Numerical Response

A student attempted to replicate a traditional Daniell Cell by setting up the electrochemical
cell shown above. Under standard conditions, the electrical potential of the cell should be

+H- Y AD V.

(Record your three-digit answer in the numerical-response section on the answer sheet)

Cu® % - == Cuesy 0.
2y 2= 20T SN
L oN

S uc_uﬂl = E?aoazls’*z\odn. *Ecgnodn

Numerical Response

Under standard conditions, hydrogen gas reacts with Au3+(aq) ions to produce Au(s). The
net cell potential for the reaction is +/- V. S0 V.

(Record your three-digit answer in the numerical-response section on the answer sheet)

Au’)ﬂy + Re " = /Ark-&(s) o\ SoN
Ho oy = QY + Qe 35.00
) ‘

(RO

EUQQ-QQ = goﬂ&i\%adl . E;'Do._r\odﬂ_,

15



‘Use the following information to answer the next question.

In a laboratory, a student obtained the following results when testing, under standard
conditions, reactions between various metals and their corresponding ions.

G F Z M @P\—%
Ga¥(ag) a~(5) t;(S) 1\1/(5) 5(5)
DW Fe**(aq) v - v v
Zn™*(aq) X X - 4
Mg"(aq) x x x -

x denotes no reaction
v’ denotes a reaction
— denotes not tested

26§educﬁom potential of Ga>*(aq) could be
A

0.53 V .

: £ : —ousY
B. -141V T Fe O.4%%
C. +121V an""’"k Gran
D. +192V Zn’" Zn PN TRV

Ma " M
J 3 cen

Use the following information to answer the next question.

Electrochemical Cell

Porous cup containing
ﬁ?‘
1.0 mol/L. Cu (ag)

1.0 mobL Zn*",,,, —

. 2k
27. For this cell, the potential is Cu Q“‘S”? s ZNS‘)) \'\ZO
+1.10v
B. +0.42V . Cu™ v D27 = Cues O34
C. 042V e - RIS PR RN,
D. -1.10V —_
I 1oV
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