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A nsw erth efollow ing questionsinv olv ing th estoich iom etryandth erm odynam icsof reactionscontaining
alum inum species.

2A l2O 3(l) + 3C (s) 4A l(l) + 3C O 2(g )

A n electrolytic cellproduces235g of A l(l) according to th eequation abov e.

(a ) C alculateth enum berof m olesof electronsth atm ustbetransferredin th ecellto produceth e235g of A l(l).

1m olA l
235g A l = 8 .71m olA l

26 .9 8 g A l

A l3+ + 3e A l, th erefore, 3m ole transferredperm olA l

3m ol
8 .7 1m olA l 26 .1m ol

1m olA l
e

e

1pointisearnedforth e
num berof m olesof A l.

1pointisearnedforcorrectstoich iom etry
andth enum berof m olesof electrons.

(b) A steadycurrentof 152am p w asusedduring th eprocess. Determ ineth eam ountof tim e, in seconds, th at
w asneededto produceth eA l(l).

4
6

6
4

ch arg e    m oles   F araday�s constant

9 .65 10 C
26 .1m ol 2.52 10 C

1m ol

2.52 10 C
t 1.6 6 10 s

152C /s

e

e
e

q
I

t

q
I

1pointisearnedforth ecorrect
am ountof ch arg etransferred.

1pointisearnedforth ecorrecttim e.

(c) C alculateth evolum eof C O 2(g ), m easuredat301K and0.952atm , th atisproducedin th eprocess.

2
2 2

2
2

3m olC O
m olC O 8 .7 1m olA l 6 .53m olC O

4m olA l

L atm
(6 .53m ol) 0.08 21 (301K )

m olK
1.7 0 10 L C O

0.9 52atm

PV nRT

nRT
V

P

1pointisearnedforth e
num berof m olesof C O 2.

1pointisearnedforth e
v olum eof C O 2.
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(d) F orth eelectrolytic cellto operate, th eA l2O 3 m ustbein th eliquidstaterath erth an in th esolidstate.

Explain.

A l2O 3 isan ionic com pound;in th esolidstateitw illnot

conductelectricity. I n orderforth ecellto operate, A l2O 3

m ustbein th eliquidstateso th atth eionsarem obileand

ableto m ov eto th eelectrodesto react(and/orcom pleteth e

circuit).

1pointisearnedfora correctexplanation.

W h en A l(s) isplacedin a concentratedsolution of K O H at25°C , th ereaction representedbelow occurs.

2A l(s) + 2O H (aq) + 6 H 2O (l) 2[A l(O H )4] (aq) + 3H 2(g )

H alf-reaction E° (V)

[A l(O H )4] (aq) + 3e A l(s) + 4O H (aq) 2.35

2H 2O (l) + 2e H 2(g ) + 2O H (aq) 0.8 3

(e) Using th etableof standardreduction potentialssh ow n abov e, calculateth efollow ing .

(i) E°, in v olts, forth eform ation of [A l(O H )4] (aq) and H 2(g ) at25°C

0.8 3V 2.35V 1.52Vcath ode anodeE E E 1pointisearnedforth ecorrectv alueof E°.

(ii) G °, in kJ/m olrxn , forth eform ation of [A l(O H )4] (aq) and H 2(g ) at25°C

G ° = nF E = (6 )(9 .6 5 104C )(1.52V)

= 8 .8 0 105J/m olrxn = 8 .8 0 102kJ/m olrxn
(or 8 8 0. kJ/m olrxn)

1pointisearnedforn = 6 .

1pointisearnedforth ecorrectv alueof G °.
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A studentisg iv en a standardg alv anic cell,representedabov e,th ath asa C u electrodeanda Sn electrode.
A scurrentflow sth roug h th ecell,th estudentdeterm inesth atth eCu electrodeincreasesin m assand
th eSn electrodedecreasesin m ass.

(a ) I dentifyth eelectrodeatw h ich oxidation isoccurring . Explain yourreasoning basedon th estudent’s
observ ations.

Sinceth eSn electrodeislosing m ass, Sn atom sm ustbe
form ing Sn2+ (aq). Th isprocessisoxidation.

O R

becauseth ecelloperates, E m ustbepositiv eand, basedon
th eE v aluesfrom th etable, itm ustbeSn th atisoxidized.

1pointisearnedforth ecorrect
answ erw ith justification.

(b) A sth em assof th eSn electrodedecreases, w h eredoesth em assg o?

Th eatom son th eSn electrodeareg oing into th esolution
asSn2+ ions.

1pointisearnedfor
th ecorrectansw er.

(c) I n th eexpandedv iew of th ecenterportion of th esaltbridg esh ow n in th edia g ram below , draw andlabel
a particlev iew of w h atoccursin th esaltbridg easth ecellbeg insto operate. O m itsolventm oleculesand
usearrow sto sh ow th em ov em entof particles.

Th eresponsesh ouldsh ow atleastoneK +

ion m ov ing tow ardth eCu com partm ent

on th eleftandatleastoneN O 3 ion

m ov ing in th eoppositedirection.

1pointisearnedforcorrectrepresentation of both K +

and N O 3 ions. (I ncluding freeelectronslosesth ispoint.)

1pointisearnedforcorrectlyindicating
th edirection of m ov em entof both ions.

w îðïì Ì¸» Ý±´´»¹» Þ±¿®¼ò

Ê··¬ ¬¸» Ý±´´»¹» Þ±¿®¼ ±² ¬¸» É»¾æ ©©©ò½±´´»¹»¾±¿®¼ò±®¹ò



(d) A nonstandardcellism adebyreplacing th e

ßÐr ÝØÛÓ×ÍÌÎÇ

îðïì ÍÝÑÎ×ÒÙ ÙË×ÜÛÔ×ÒÛÍ

Ï«»¬·±² í ø½±²¬·²«»¼÷

1.0M solutionsof C u(N O 3)2 and Sn(N O 3)2 in th estandard

cellw ith 0.50M solutionsof C u(N O 3)2 and Sn(N O 3)2. Th ev olum esof solutionsin th enonstandardcell

areidenticalto th osein th estandardcell.

(i) I sth ecellpotentialof th enonstandardcellg reaterth an, lessth an, orequalto th ecellpotential
of th estandardcell?Justifyyouransw er.

I tisth esam e. I n th ecellreaction Q =
2

2

[Sn ]

[C u ]
,

andth econcentrationsof Sn2+ and C u2+ areequalto each
oth erin both cases.

1pointisearnedforth ecorrect
answ erw ith justification.

(ii) B oth th estandardandnonstandardcellscan beusedto pow eran electronic dev ice. W ouldth e
nonstandardcellpow erth edev iceforth esam etim e, a long ertim e, ora sh ortertim eascom pared
w ith th estandardcell?Justifyyouransw er.

Th enonstandardcellw ouldpow erth edev icefora sh orter
tim ebecauseth esupplyof C u2+ ionsw illbeexh austed
m orequickly.

O R

Th enonstandardcellw ouldpow erth edev icefora sh orter
tim ebecauseth ereaction w illreach E = 0m orequickly.

1pointisearnedforth ecorrect
answ erw ith justification.

(e) I n anoth erexperim ent, th estudentplacesa new Sn electrodeinto a fresh solution of 1.0M C u(N O 3)2.

H alf-Reaction E (V)

C u+ + e C u(s) 0.52

Cu2+ + 2e C u(s) 0.34

Sn4+ + 2e Sn2+ 0.15

Sn2+ + 2e Sn(s) 0.14

(i) Using inform ation from th etableabov e, w ritea net-ionic equation forth ereaction betw een
th eSn electrodeandth eCu(N O 3)2 solution th atw ouldbeth erm odynam icallyfav orable.

Justifyth atth ereaction isth erm odynam icallyfav orable.
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C u (aq) + Sn(s) C u(s) + Sn (aq)2+ 2+

E ispositiv e(0.34V + 0.14V = 0.48 V), th erefore
th ereaction isth erm odynam icallyfa v orable.

O R

Th ecellobserv ationsfrom earlierpartsof th equestion
areev idenceth atth eSn isoxidizedand Cu isreduced,
th ereforeE m ustbepositiv e.

1pointisearnedforth e
correctnet-ionic equation.

1pointisearnedfora correct
justification (unitnotneeded

in calculation).

(ii) C alculateth ev alueof D G forth ereaction. I ncludeunitsw ith youransw er.

D G = nF E

2m ol 9 6 ,48 5C 0.48 J
= × × = 9 3,000J/m ol = 93kJ/m ol

m ol Cm ol
rxn rxn

rxn

e
G

e
D

1pointisearnedfor
th ecorrectnum ber

of electrons.

1pointisearnedfor
th ecorrectansw er

w ith unit.
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1.0m olN a 1.0m ol
1.0g N a = 0.043m ol

22.9 9 g N a 1.0m olN a
e

e
-

-

1.0m olC a 2.0m ol
1.0g C a = 0.050m ol

40.08 g C a 1.0m olC a
e

e
-

-
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Q uestion

(d) Explain w h yI isa solidatroom tem peraturew h ereasB r isa liquid. Yourexplanation sh ouldclearly

referenceth etypesandrelativestreng th sof th einterm olecularforcespresentin each substance.

B oth B r and I m oleculesarenonpolarm olecules, th ereforeth e

onlypossibleinterm olecularforcesareLondon dispersion forces.

Th eLondon dispersion forcesarestrong erin I becauseitis

larg erin sizew ith m oreelectronsand/ora m orepolarizable

electron cloud.Th estrong erLondon dispersion forcesin I result

in a h ig h erm elting point,w h ich m akesI 2 a solidatroom

tem perature.

1pointisearnedforidentifying th e
forcesin each substanceasLondon

dispersion forces.

1pointisearnedforexplaining w h y
th eforcesarestrong erin

I th an in B r .

W h ilecleaning up afterth eexperim ent, th estudentw ish esto disposeof th eunusedsolid I in a responsible

m anner. Th estudentdecidesto convertth esolid I to (aq) anion.Th estudenth asaccessto th reesolutions,

H O (aq), N a S O (aq), and N a S O (aq), andth estandardreduction tablesh ow n below .

H alf-reaction E° (V)

S O (aq) + 2e 2S O (aq) 0.08

I (s) + 2e 2I (aq) 0.54

O (g ) + 2H (aq) + 2e H O (aq) 0.6 8

(e) W h ich solution sh ouldth estudentaddto I (s) to reduceitto I (aq)?Circleyouransw erbelow .Justify

youransw erandincludea calculation of E° forth eoverallreaction.

H O (aq) N a S O (aq) N a S O (aq)

[N a S O (aq) sh ouldbecircled.]

Th ereaction betw een S O (aq) and I (s) w illbe

th erm odynam icallyfav orablebecause orth ereaction
ispositive( = 0.54 0.08 = + 0.46 V), from w h ich it
follow sth at isneg ativebecause = nF .

1pointisearnedforth ecorrectch oice.

1pointisearnedfor
a correctjustification.

(f) W riteth ebalancednet-ionic equation forth ereaction betw een I andth esolution you selectedin part(e).

I + 2S O 2I + S O 1pointisearnedforth ecorrectequation.



 


