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dilwoll §a A duaidacigd K
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JIfal = gladillg dawAl

Jjiad sl ealall ga awsgall Jolell peinll # Jolell @
Awalii sill ga Jiaall Jolellg

H* 1 giagiatgll pi H20 4 g Tl pi aljall gjlg :Jelaill wani @
.OH™ wanl sacldllhugll ag — e 4 il pi

SAapallapai g (agil)E° - (agila)E°cell = E° :aylall aga )
(dllenll Jolen

A9 624l (+) agidllg JIjial (-) agilall s ilpgall Julaill @
0l clall gylé Lilall Jglaall

Lledll juiddl _a wlido i dliw il jglaT adg — 100 = cilaja

Séojloll 0aa padiwicars [ |

alaci aclga :4)-3 linan) «dey pull (rilgdll adjg» iyl
JIadl agga Jgan o Jelaill cani cilghs awAlill

alhan gpanll(Q1 « Q30) Jagll La JIgw J4 adliay gl
Jolall Jlinllg pupll anuall aliall

aljg ddlhul e digianll alisll dladan Jidl
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JAill gga adling J4 a9 (@l ailii) duwnall @iwil ja
ablayl alian oo 240 pi gl

« puaillg alasyeillg pralanll dliwi :aldlhyl o)

/ 11gu 30 jLial J4) 5-1 dupaill aljliaul « ajljgl liwi
(adiaa 120

Ja L «deili clhal» ggain galg e ailhal Lo Ja acl e

J

jgopig glglill yula B3
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2 gujall 1- Gaagll
Q12 -Q17 - pp. 16—
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1 gujall 1-6anagll
Q1-Q11-pp.3-11

gl JUiall pgi ailni O |
Joawilly ful — Jigull Gilda 4 = Digw 30 + afuda 120 agll @
wenll JAig
yoill yealial @
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JIjiallg dawmaill — (1) deupwll Juilgdll dd)yg

Gilalenll Jgjgg JIfiaulg dawaill — (1) deupwll Jilgdll ddjg BUIC K
Quick Reference 1: redox definitions - oxidation-number rules - half-reaction method *

(Fig. 1, 2) pualan &y JIjiadlg Gawms

Electrons - diligyialdl Oxygen - Jrawaill Hydrogen - j1agjaigll

OXIDATION OXIDATION OXIDATION
loses e~ gains O loses H
Zn = Zn?* + 2e” 2Mg + O, - 2MgO H,S - S
REDUCTION REDUCTION REDUCTION
gains e” loses O gains H
Cu?* +2e” ~ Cu CuO+H, - Cu+H0 S~ HS

(Table 2) &ljianllg Gawmsgall Jolgell € (Table 3) awalill alaci aclgé

Reducing agent Oxidizing agent
is OXIDIZED e is REDUCED Free element (Zn,
gives (loses) e takes (gains) e 0 mic ¢ Sja/ )a mic
its oxidation number its oxidation number ¥ 02, Cl2, Se) ;
the agent and the species that are opposite things! aiinud (Fe3+=+3) Monatomic ion DJl“(SJbT Ug—'i
N . . A alaclll ggnan
Lose Electrons = Oxidation — LEO :0awmalll @ =0 Neutral compound - ubj.rjl
Gain Electrons = Reduction — GER :(Jljidll @ -
11 i Polvatomic Aalacllggnan
£ sms o c = g_l alnu olyatomic ion " .
Awaliy Jfanll Jolell - JAAT am4adnll Jolell @ J Al 2agin gl
+1/+2/+3 Group 1A/ 2A /Al 1 aljlallA/2A /7 Al
-11nila Fluorine jglall F
+1(dlyya a1-g
v Hydrogen : IH
cljlall NaH) ydrog Uagjaigl
-2( a1-gH202.,2+
i J Oxygen Jnsill o
L,CI OFz2., L,CI 0g0z2)
-1(go U]0giF) Halogens cliragllgll CI Br |

(Table 6) saclillg (gnall huugll — Jelaill

Split into Balance Balance O Balance H Balance Add OH™ Equalize e~
two atoms with with charge to cancel add &
half-reactions (not O, H) H-0 H* with e” H* - H20 cancel

Acidic medium: use H-0 and H* only. Basic medium: balance as in acid, then add OH".

Check at the end: atoms of every element AND total charge are equal on both sides.
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LuUAllg duublidll Jlfsdl agga — (2) au pull (Hilgdll dd)g

Quick Reference 2: Table 1 standard reduction potentials - cell formulas - electrolysis

Textbook pp. 25 - 52 (Table 1-p.30) M

E° (V) Half-reaction (reduction) Half-reaction (reduction)
+0.1530 Cu?* +e > cCu* -3.0401 Li*+e - Li
+0.3419 Cu?*+2e">Cu -2.8680 Ca?*+2¢"—>Ca
+0.4010 0, +2H,0 + 4e” = 4OH"~ -2.7100 Na*+e - Na
+0.5355 I, +2e” > 21" -2.3720 Mg?* + 2e” - Mg
+0.7710 Fe* +e - Fe?* -1.8470 Be?* +2e” - Be
+0.7750 NO;™ +2H* + e > NO, + H,0 -1.6620 AR + 30" - Al
+0.7973 Hg,2" +2e” > 2Hg -1.1850 Mn2* + 2™ - Mn
+0.7996 Ag*+e - Ag -0.9130 Cr?* +2e"»Cr
+0.8510 Hg?* +2e” -» Hg -0.8277 2H,0 +2e” > H, + 20H"~
+0.9200 2Hg?" + 2e” > Hg,2* -0.7618 Zn%* +2e" > Zn
+0.9570 NO,™ +4H* +3e” > NO + 2H,0 -0.7440 cr¥*+3e >Cr
+1.0660 Br, + 2™ - 2Br~ -0.4763 S+2e - 82
+1.1800 Pt?* + 2e” - Pt -0.4470 Fe?* +2e” > Fe
+1.2290 0, + 4H* + 4e™ > 2H,0 -0.4030 Cd?* +2e > (d
+1.3583 Cl, +2e” - 2CI” -0.3650 Pbl, + 2e” - Pb + 2I”

2 2

+1.4980 Aud* +3e" - Au -0.3588 PbSO, + 2e” - Pb + SO,
+1.5070 MnO,” +8H* + 5™ » Mn?* + 4H,0 -0.2800 Co?* +2e” > (o
+1.6920 Au* +e - Au -0.2570 Ni2* + 2e” = Ni
+1.7760 H,0, + 2H* + 2™ - 2H,0 -0.1375 Sn?*+2e” > Sn
+1.9200 Co®* +e - Co?* -0.1262 Pb2* + 2" > Pb
+2.0100 S,05%" + 2" > 2S0,2” -0.0370 Fe* +3e > Fe
+2.8660 F,+2e” - 2F" 0.0000 2H* +2¢" > H,

E°cell > 0 -, spontaneous (voltaic) - E°cell < 0 - non-

. E°cell = E°cathode - E°anode
spontaneous (needs electrolysis)

Donotmultiply E° by the coefficients of the equation Cell notation: anode | anode ion || cathode ion | cathode
paall JutaZl o7
—2CI= > Cl2 + 2e agil : Na* + e~ - Na 1gil4 :NaCl jggno @ (+) agilallg () agidll - éuilygs « aulings - aldli :arilga @
2CI- - agil : ~2H20 + 2e~ = Hz + 20H 1gil4 :NaCl Jglan @ agilallg (+) agilll - éuilings « ailygs - éuilali pé :aullai @
(NaOH (jgaiy) ~Clz + 2e <o, |
2H20 - 02 + 2gil : ~2H20 + 2e~ = Hz2 + 20H 2gil4 :clnll @ (Gaaiig agilall aic JIfialg agiill aic awmal : pillall S @ |
“4H* + Le Agilall Il agidll go aligrialyl |
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awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

U12gjauglig grauwmailig dligrialdl dua o Jljiddlg daws il Ju jio PR o

Differentiate between oxidation and reduction in terms of electrons, oxygen and hydrogen

(""“’"‘“ atalea 5) (I'-W 5) (uﬂ-.u-w-'f E) (Fig.1-Fig. 2) Q1

What you need to know — aa j.n.'l'ai oliailo

Uga laalan| ¢énai J glinjlin glilac Jljiadlg dawailla .'6pi Ll Balo o aligialll awa Jdiif Jelai ga (redox) JIfiallg dawaill Jelai ()
Sl
A redox reaction involves electron transfer from one substance to another; oxidation and reduction are complementary and always occur together.
(sl 2ac Jay) aligialll i gf Jola qlwisl = (Reduction) JIFaUI (awAlill 2ac alaj) aligialill ija gl Jola glada = (Oxidation) unsill @
.LEO says GER :j15iill

Oxidation = complete or partial LOSS of e~ (oxidation number increases); reduction = complete or partial GAIN of e~ (oxidation number decreases). LEO
says GER.

Jrgaa qblwisl = Jijfiadlg rgnwm 2da = dawa il }nagjagll pggany gruwal ada = Jljiaulg gruwal abuial = s1wa il s ill pggans @
Oxygen concept: oxidation = gain of O, reduction = loss of O. Hydrogen concept: oxidation = loss of H, reduction = gain of H.
(Cu™ +2e" > Cu) Jiiddlaic Qulelainll waph Ag (Zn - Zn"" + 2e7) AwAill aic 2ilgill waph _a aligialdl jghi Jelaill canidhlen 4 @
In an oxidation half-reaction e appear among the products; in a reduction half-reaction e™ appear among the reactants.
2Br + Cl2 = Br2 + 2CI :peii sill ¢lgilll Ul j5yig (2KBr + Cl2 = 2KCl + Br2 _s1 K" Jin) aapainll caligiill caini aabnll dsigiill dlalenll )
In the net ionic equation spectator ions (K") are removed so only the changing species remain: 2Br + Cl, - Br, + 2CI’.

J/

Reduction: X + ne” - X"~ (gain of ) Oxidation: M -~ M"* + ne~ (lossofe”)

Figure — ,avagill puipll &J

Electrons - ciligyialyl Oxygen - Jrawaill Hydrogen - J1agjagll

OXIDATION OXIDATION OXIDATION |

loses e™ gains O loses H !

Zn - Zn?* + 2e” 2Mg + 0, - 2Mgo HS - s |

REDUCTION REDUCTION REDUCTION E

gains e~ loses O gains H

Cu?* +2e” - Cu CuO+H, - Cu+H,0 S - H,S !

< J

Worked Example — Jglan Jlin 2 |

.Jjial lng :uubLu Lo 232g 2Mg + 02 = 2MgO :pgruienll §lfial _a Jljiadlg Aawaill Jelai aniqial
Write the oxidation and reduction half-reactions for the burning of magnesium and identify what is oxidized and reduced.

(awaliy Mg 2e” « adai Mg a3 Ja) Mg - Mg?* + 2e” :aamAl
(JFiad 02 2e” « (uwiqi 0 a3 J4) 0, +Lte” - 2027 JIfial
4e =alaiinll ligitaldl Jlaa] 2: 2Mg - 2Mg2* + he™ « x 1l dni i dlglunl

Worked Example — Jglan Jlin /2 |

Sl pggan Jjiai Lngiig awalii geialoll ;s CuO + Hz - Cu + H20 Jelaill g
In CuO + H, - Cu + H,0, which substance is oxidized and which is reduced in terms of oxygen?

Cu™ + 2™ = Cu) Jjiai CuO « Jrawaill 2da) Cuo
(Hz = 2H" + 2e7) awalis Hz H20) « Gl Jaai) graw Sl cuniay Ha

Common Mistakes — il claai A\ |

wbwial/ada ga Gl deillg Jawai agag pac pej JIalg 81wal Zn + Cu™ - Zn” + Cu Jelaia (awal alwial Inila cond aawaill @
aligrialdll
Oxidation is not always gaining oxygen; Zn + cu”’ is redox with no oxygen at all — electrons are the fundamental definition.
awaliig lmadara Cu Lol Jjiaig ciligriall (uwiay Cu” :dngn aiind i yanl awaliy g aagall ggiil @
A positive ion is not "oxidized" because it is positive: cu” gains e~ (reduced).
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5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chai pisl
Self-test - 5 multiple-choice questions - outcome Q1

In the reaction 2Al + 3CI, - 2AICl;, which
statement is correct?
Aluminium atoms lose electrons and chlorine
molecules gain them
Aluminium atoms gain electrons and are
reduced

Chlorine molecules lose electrons and are
oxidized
@ Both Al and Cl, lose electrons

Which of the following half-reactions
represents oxidation?

@ Cu?* +2e” . Cu

Cl, + 2e™ - 2CI°
@ Ag*+e” - Ag
@ Fe?* _ Fe3* + e

A student says: "In Zn + Cu?* _ Zn?* + Cu,
Cu?* is oxidized because it carries a positive
charge." What is the best correction?
Cu?* is oxidized because its charge decreases
from+21t0 0
Zn is reduced because it forms a positive ion
Neither is oxidized because no oxygen is
involved
Cu?* gains two electrons and is reduced; Zn
loses two electrons and is oxidized

° Which change represents oxidation in terms
of oxygen or hydrogen?

@ CH, - CO, (the carbon-containing species
gains oxygen and loses hydrogen)

CuO -. Cu (loses oxygen)
@ N, - NH; (gains hydrogen)
@ CO, - CO (loses oxygen)

How many electrons are transferred in total
in the reaction 2Na + Cl, —. 2NaCl?

@ 1 electron
4 electrons

@ 2 electrons
@ 8 electrons

e 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

aljlgall i 2A1 + 3C1, » 2AIC1 yelail o (@)
Séaan aulil
Gl lpuuinig ailigrial] pgiingllll ¢l adai (&)
Jolall
Jiiaig ailigrial pgiinglill alja cuuiai
ausliig ailigria] jglall ailiyja adai (C)
ciligral] Cl, g Al 4o U5 264 (o)

Cu?*+2e > Cu

Cl, + 2e" - 2CI~
Ag* +e - Ag @

Fe?* > Fe +e” (D)

séawal dlne Jing i Lon Jelai wni sl 8

Jelaill _a» :ulln Jgéu
Ol Cu2* awaliy Zn + Cu?* » Zn?* + Cu
Seuwniill panill Lo .«éi1agn aiiag
0 JI 2+ (o (adii aiinb il Cu?* amaliy ®
Lagn ligil gg4y aill Zn Jfiaj
(w4l agag pacl 1wl cSw U @
Zn 244 lniy Jjirjg guigriall Cu?* cunia) (D)
2waling guigpiall

popans Gawsl Jiny oo fisi 5T @)
fUtag)apll gl gramaill
284ig grawaill dalall cuwisi) CHy - CO, (R)
(Utagjapll
((rawaill 2d4a) CuO - Cu
(g2g)ug!l ulwisl) N, - NH; (©)
(sl 264) €O, - CO (D)

s o) Jasi b (@)
$2Na + Cl, » 2NaCl

1 electron @
4 electrons

Inspire Chemistry - Redox & Electrochemistry
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awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

ey QUESTION
Define oxidation number Q 2
Gotoe =) (o =) (s )

What you need to know — adyei i aLiai Lo

a9y dtigidll wlibjall g hiipg :LglIfal gl Lgiawmai daja e Jal ggudll gl ajall (fiei aac ga (Oxidation number) awaiill 2ac @

Jadl ggadaic lpuniag gi a)all lmadaai sill aligiialyll
Oxidation number: a number assigned to an atom or ion to indicate its degree of oxidation or reduction (related to the electrons lost or
gained when the ion forms).

(ligrial] cunisl) -1)glall amali 2acq (ligriall 264) +1 pguuligdl amasliac :KCl o @
In KCI: K = +1 (lost an electron), Cl = -1 (gained one).
014l 03¢ dnyd Jlaji aiawal aicg 0amaliaac angd Jai gail gl a3 JIfial aic )
When an atom/ion is reduced its oxidation number decreases; when it is oxidized it increases.
(2-.(3+ papll asy Lgijln] wiai ggulll dinud Loiy 2)- ., 3+4) papl Jud aijlun] wiai awalill aac :d@wlisll @
Oxidation numbers are written sign first (+3, —=2); ionic charges are written number first (3+, 2-).

Na . 02, Ss Jin jall pniell ljan Jgay 1dg (huwgin) Ijus gi luan ggay 26 awalill 1ac @
It may be an integer, a fraction (average) or zero for free elements such as Na, O,, Sg.

J

Reduction: oxidation number ¥ (more negative) Oxidation: oxidation number 1 (more positive)

Figure — _auagill pupll &

Mn Mn2* MnoO, MnO,?( MnO,~
L 1 1 1 f 1 [ 1 [ 1 f §
I T T T T T 1 T 1 T 1 1
-4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7
reduced forms — lower oxidation number higher oxidation number -, oxidized forms

Worked Example — Jglan Jlin 2

Slplini sill lnell Lng CI g K ga g4 awalinac g peill ln 2K + Clz » 2KCI Jeldill _a

In 2K + Cl, — 2KCI, what is the change in oxidation number of K and Cl and what process is it?
Al « (aljl) K: 0 = +1
JIfidl « (yadi) Cl: 0 - -1

Worked Example — Jglan JLin 2

Slalalg SCa +2 pi ca”’ :pgrullall ggudl daan Griliall ¢si
Which notation is the ion charge and which is the oxidation number?

(payll 2o ayLiyl) ggadll diad & Ca?*
(payll Jud gyl ll) CaClz LA pgunllall awalill 2ac ga +2

Common Mistakes — d=ili clhai A

2+ dQini awalill 3ac uiqi llg 22+ awalill 22cg 2+ ainll ;unalill 3acg diadll Ju hlall o
Do not confuse ionic charge (2+) with oxidation number (+2).
{CHa _a C Jin) Infla ardrdn dinn gl gag waligiall alwial/ada aila gay Lo wang anslill 2ac o

An oxidation number is a bookkeeping device; it is not always a real charge (e.g. C in CH,).
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5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chai pisl
Self-test - 5 multiple-choice questions - outcome Q2

o Which statement correctly defines
oxidation number?

@ The number of protons in the nucleus of the
atom

e A number assigned to an atom or ion that
indicates its degree of oxidation or
reduction

The number of valence electrons in the
atom only

@ The number of atoms in one formula unit

a In the reaction 2K + Cl, — 2KCI, what
happens to the oxidation numbers?

@K:O - =-Tand Cl: 0 - +1
K:+’I - 0andCl: -1- 0
@K:O - +land Cl: 0 - -1
@ Both stay unchanged

Which of the following is written
correctly as an oxidation number rather
than an ionic charge?

(») 3+
+3
@ ARt

@3

o When a species is reduced, its oxidation
number ...

@ increases because it gains electrons
decreases because it gains electrons
@ increases because it loses electrons
@ does not change

o The oxidation number of an uncombined
element such as O, or Sgiis ...

@o
—2

+2

©
@ equal to the group number
(5 )
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Liuei awmalill aac wjei djlic sl a
ayall algi _a ailigigpll 2ac @

lgiawal aaa Lle Jad gaulll gl éyall i aac

lgllfial gi
haa dall _a galaill aligrial] aac @
deinll daag La aljall aac @

Samalill alacil

T+ J10go:Clg1- JI0 oK (A)
0l 1-yn:Clgo I 1+ oK (B)
1- J10go:Clg 1+ JI0 oK (c)
Jigi gga lnaus Ly (b)

¢1aay 13l 2K + Cl, » 2KCI Jeldill L a

2204 daan ddyphy i U oo si e
sOgdl dinuh yuilg amali

3+ @

+3

A|3+ @

3(0)

o L@ S1T 226 Lla Balo Jfiadi loaic (@A
aligriall cuniai lgill alaj o
aligriall cuwiai Lgill Jdai

ailigrial] adai lgiil alaj @

nip 1l (D)

Sg gl 0, Jin jall paiell awmaliiaac
0 ()
-2 .
+2 @ 5
equal to the group number (D) |
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Jianll Jolellg awagnall Jolell wjc BUESTION
Define oxidizing agent and reducing agent Q 3
Comtoars =) (=) G

What you need to know — aqjei Ji aliailo

22c (Jdy) ,JJ-|:u5|JI Aalnll gag (Lgiligyial] Judiiwi b 5pal Galo 1magi St dalnll ga (Oxidizing agent) awagall Jolell @
(®awsli
Oxidizing agent: the substance that oxidizes another substance by accepting its electrons; it is the species that is reduced (its oxidation
number decreases).
32c alajy) 2wsliv Sill Galall gag (laiaai) aligiall aiai gh sl aalo Jjiai sill dalall ga (Reducing agent) Jjianll Jolall @
" ) (@Al
Reducing agent: the substance that reduces another by losing (supplying) electrons; it is the species that is oxidized (its oxidation

number increases).

{Jial) ambgo Jale jglallg (awaliy) Jjian Jole pguoligul :2K + Clz » 2KCl o @
In 2K + Cl, - 2KCI: potassium is the reducing agent (oxidized); chlorine is the oxidizing agent (reduced).

JIfialg dawal Jelai e anie (tarnish) gligu! Jijog '2dillg ¢unill amag) aw4agn Jole (NaClO Jglan) guilnll aln :alduhi @
Applications: chlorine bleach (NaClO) is an oxidizing agent that oxidizes dyes and stains; tarnish removers rely on redox chemistry.

J

Oxidizing agent -, is REDUCED -, gains e~ - oxidation Reducing agent - is OXIDIZED -, loses e~ - oxidation
number ¥ number 1t

F

Reducing agent Oxidizing agent ;
is OXIDIZED e’ is REDUCED
gives (loses) e™ takes (gains) e”

its oxidation number its oxidation number ¥

the agent and the species that changes are opposite things! |

-~
o

B =
Role (agent) Oxidation number Electrons Reactant Process
X = reducing agent increases Xloses e” X Oxidation
Y = oxidizing agent decreases Y gainse” Y Reduction

Worked Example — Jglan Jlin 2
2Al+2Fe” - 2Fe + 2AI” : A Jianll Jolellg awAagoll Jolellg djianllg Aawmaiinll Aaloll 232
Identify what is oxidized and reduced, and the two agents: 2Al + 2Fe3* _, 2Fe + 2AIP*
Jjian Jole Al « amaliy Al - ABR* + 3e” « Al
aw4dn Jole Fe™" « Jjin Fe®* + 3e” —» Fe « Fe™'

Common Mistakes — deili clhal A

hlgalll ynaeid — awaliy Sall ga Jianll Jolellg Jiad sall ga awagall Jolell o
The oxidizing agent is the one that gets REDUCED; the reducing agent is the one that gets OXIDIZED.

.Qilgill cagh e Ag gf Cu iai 1la 2ilill yuilg (ruwdll caghll L,cl) Jelainll (jg4ar Jolell o
Agents are reactants (left side), never products.
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5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chai pisl
Self-test - 5 multiple-choice questions - outcome Q3

Which pair correctly identifies the agents in
Fe + 2Ag* — Fe?* +2Ag?
@ Reducing agent: Ag* ; Oxidizing agent: Fe
Reducing agent: Fe?* ; Oxidizing agent: Ag
@ Reducing agent: Ag ; Oxidizing agent: Fe?*
@ Reducing agent: Fe ; Oxidizing agent: Ag*

An oxidizing agent is a substance that ...
%donates electrons and is itself oxidized
accepts electrons and is itself oxidized
@ accepts electrons and is itself reduced
@ donates electrons and is itself reduced

Chlorine bleach contains NaClO. Which

statement explains why it whitens clothes?
NaClO is an oxidizing agent: chlorine changes
from +1to -1 while it oxidizes the dye

NaClO is a reducing agent: chlorine changes
from -1to +1 while it reduces the dye
NaClO is an oxidizing agent: sodium changes
from +1to O

@ NaClO is neither oxidized nor reduced

In Mg + I, — Mgl,, which statement is
correct?
@ Mg is the oxidizing agent because it forms a
positive ion
I, is the reducing agent because its oxidation
number falls to -1
@ Both Mg and 1, are oxidized

@ Mg is the reducing agent because its oxidation
number rises from 0 to +2

Substance X is described as a strong
reducing agent. Which statement must be
true?

@ X readily loses electrons, so it is easily oxidized
X readily gains electrons, so it is easily reduced
@ X always contains oxygen

@ The oxidation number of X decreases during the
reaction

0 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

A 220 Jail gylalall anas agi st (@)
S Fe + 2Ag* - Fe?* + 2Ag Jclaill
Fe:awagall Jolell: Ag* :Jjiaall Jolell (A)
Ag :awagnll Jolell : Fe?* : Jfianll Jolell
Fe?* :au4dnll Jolell ¢ Ag :Jjianll Jolell @
Ag* :aw5gall Jolell : Fe Jjiaall Jalell (D)

... 8aln ga awa§all Jolell
lgunai L& awaliig ciligrialyl aini
lguuai L& awaliig ciligrialdl Judimi
lpuidi & Jfialg ailigiialdl i (€)
lguwai a Jjialg aligiialyl aiai (D)

djlc si.NaClO _lc guwilnll gaiin Sgiv e

+ 0 Jglall awali 2ac pei) awago Jolc NaClO (&)
aoinll aiamai elifl 1- I 1

1- g0 jglall anali aac i« Jfian Jole NaClo
asinll alljial elifl 1+ _JI

pg1agnll sl aac 19l g Jole NaClo (¢)
01+ yn

Jiad g awali) I NaClO (®

aljlell siMg +1, » Mgl, Jelaill g °
Logo ligil g4y aill 2msgo Jole Mg (A)

1- Jl yadi) oamali aac il Jjian Jole |,

l,g Mg (0 J4 awliy @

2+ J10 g0 alaji oawAli 3ac il Jjian Jolc Mg )

i .sai Jjian Jole Lgili X dalall c1ang e
 sdaapan ggaigia i U lon djlic
awalii ga 13l dlgguy ciligrialyl X adai @
dlgguu
Jiiad Lpa lal dgguy aligial il X quuniqi
dlgguu
L‘n_g;uﬁiuLcT_m‘IJX@gbj@ 5
Jelaill clifl X awaliaac Wi (D) |
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Jlfialg &: |ﬁ|._j.c|-ﬁ-'l'-.___~ﬁlm§'°"d'°|-°-"35:‘ QUESTION

Identify the oxidizing agent in a redox reaction

(:.Lubi.'ﬂl alaci E) (J.l.ubﬁ.njl.J.an.lln._l_n.'l' E) (TabIeZ-ExampIe 1) Q 4

What you need to know — adjei ai aliailn

ga awagall Jalell (3) (JIjial) lmawalirac gadi sl ajall 330 (2) apein a)3 Jal awalill alaci bel (1) :algha 3 _a Jall b @
H)all oaa (sgu (sAll Jelainll
Three steps: assign oxidation numbers - find the atom whose number decreased (reduced) - the oxidizing agent is the reactant containing
that atom.

a2l U aulclainll g g LS ilnls aiiai — (HNOs , (Na2S0s Layn gi (MnOa—, Fe™, (Ag” Ligai gi (02 . (Cl2 ipaic g4y 26 awagall Uolell @
Laang
The oxidizing agent may be an element, an ion or a compound — name the whole reactant, not just the atom.
Naz504 g amadall Jolell -2 « JI +6 gn S 2wl aac (nai NazS0a + 4C - NazS + 4CO g @
In Na,SO, + 4C — Na,S + 4CO, S goes from +6 to -2, so Na,SO, is the oxidizing agent.
.ailja (san| dﬁﬂ@ﬂl Jelainll ga awagall Jolelld (i (tija Sgiaidalnll ailh 13] @
If a reactant contains two changing atoms, look at the atom that is reduced.

J/

Oxidizing agent = reactant whose atom shows a DECREASE in oxidation number

Figure — Lawagill pupll &9 h

Mg electrons N

2
loses e~ gains e~
0X.ho.0 - +2 ox.no.0 - -3
OXIDATION - reducing agent REDUCTION - oxidizing agent

Oxidation and reduction always happen together

Worked Example — (Jglan Jlin 2

3Mg + N2 = MgsNz : 4 am4gnll Jolell 232

Identify the oxidizing agent in 3Mg + N, — Mg;N, "
(Jfian Jole < 2m4li) Mg: 0 +2
N2z = aw4gall Jolell « (Jjia)) N:0 - -3

s Worked Example — Jglan Jlin 2 |

Cu + 4HNO3 = Cu(NOs)z + 2NOz + 2H20 UCI aw4gall Jolell 23

Identify the oxidizing agent in Cu + 4HNO; — Cu(NO3), + 2NO, + 2H,0
(awaliy) Cu: 0 - +2
Jiai NO2) « L;,cl) HNOs3: +5 - +4 A N
(quain ggif) 5+ Jlj Lo Cu(NOs)z2 _a N
HNO:s = aw4agall Jalell

Common Mistakes — @il clhal A\ |

«ulelainll o [nfla Jolgell — (MgsN2 gi CO Jin) ailill fiai 1 @

Never pick a product as the agent.

JFiig s Ul cupall ey NazS0s L ad awslill alacl cunsl — haa «grws il aaay gox o i 1 @
Always compute oxidation numbers — do not guess from the formula alone.
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Self-test - 5 multiple-choice questions - outcome Q4

0 What is the oxidizing agent in Na,SO, + 4C
-~ Na,S+4C0?

(®C

(o0)

@ Na,S
@ Na,SO,

Regarding 3Mg + N, — Mg;N,, which
statement is correct?

The oxidizing agent is Mg and its oxidation
number changes from 0 to +2

The oxidizing agent is N, and its oxidation
number changes from 0 to +3

The oxidizing agent is N, and its oxidation
number changes from 0 to -3

The oxidizing agent is Mg;N, and its oxidation
number changes from +2 to 0

e Which reactant is the oxidizing agent in Cu
+ 4HNO; — Cu(NO;), + 2NO, + 2H,0 ?

@ Cu
NO,
@ H,O
(o) HNO,

0 In MnO, + 4HCI — MnCl, + Cl, + 2H,0,
which species is reduced?

@ HCI, because Cl changes from -1to O
MnCl,, because Mn changes from +2 to +4
@ H,0, because H changes from +1to O
@ MnO,, because Mn changes from +4 to +2

e In the reaction Cl, + 2KI - 2KCI + I, the
oxidation number of the oxidizing agent
changes by ...

@ +1 for each chlorine atom (0 - +1)

-1 for each iodine atom (0 - -1)

@ +1 for each potassium atom

@ -1for each chlorine atom (0 - -1)

e 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Jelaill A amagall Jolell Lo 0
¢ Na,SO, + 4C -» Na,S + 4CO

c®

co

Na,S (c)

Na,SO, ()

(1 3Mg + N; = MgsN, Jelailly Glaiy lnys (@)
) Sdagan aljlell

0 (0 0awAli 3ac poilg Mg ga amagall Jolell ®
2+ |

0 (Jo n0awAli 3ac peiig N, ga am4agall Jolell
3+l

0 g0 0wl nac jieiig N, ga awagall Jolell (<)
3- 4

0awali aac p9ilg Mg;N, ga awagall Jolell ©
02+ yn

Jelaill L amagall Jalell Lo e
€ Cu + 4HNO; —» Cu(NO,), + 2NO, + 2H,0
Cu @
NO,
H,0 (¢)
HNO; ()

Jelaill A

1 MnO, + 4HCI - MnCl, + Cl, + 2H,0
SJjiad daln

0 | 1- yo neiy ClgI HCI (A)

4+ JI 2+ (o i) Mn ()il MnCl,

0 I 1+ yo neitH gl H,0 (¢)

2+ | 4+ g0 12l Mn g1l MnO, (D)

2ac p1&i) Cly + 2K1 - 2KCl + I, Jelaill _a
... Jladiny awagnll Jolell awmali

1+ J10p0) jgla dja Jal 1+ (a)

1)- 10 ) agraya Jal 1-

pguuligr 4ya Jal 1+ @ |

1)- J10go)jgls éja gal 1- (b) |

|
/
S
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Jijidlg awal Jelai a Jjianll Jaolell 232 QUESTION
Identify the reducing agent in a redox reaction Q 5
(J.Lubi.'l'.ll alaci E) (dj-'i.in]l Jolell a1aa§ E) (Table 2 - Practice 3, lo)

What you need to know — adyei i aLiaj Lo

aligialdl adgat sill i (awali) lmawali aac alajl sl ajall sgay sall Jeldinll ga Jfaall Jolell @
The reducing agent is the reactant containing the atom whose oxidation number increases (it loses electrons).

LAlfianll 59.&7 2Ag 1A uljlallg algpuu ailigrialdl adai Lg.iﬂ aeilih alfian Jolgc (Zn. Al.Mg.Ca. (Na ahuiill ailjlall @
Active metals (Na, Ca, Mg, Al, Zn) are common reducing agents because they lose electrons easily.

(S yulg) H25 ga Jjianll Jolell 0 « (JI -2 40 S aw4li 3ac alajy H2S + Cla » S + 2HCI H @
InH,S + Cl, — S + 2HCI, S goes from -2 to 0, so H,S is the reducing agent.

H2S Jin iayo gi (12 I Jgaiy) I gl (Fe™ )| Jgai) Fe™ Jin ligil Jjianll Jolell ggay 26 @

A reducing agent can be an ion (Fe?*, I') or a compound (H,S).

J

Reducing agent = reactant whose atom shows an INCREASE in oxidation number

Figure — Lavagill puyll @"

Ca electrons Zn2+
loses e~ gains e~
ox.ho.0 - +2 ox.no.+2 - 0
OXIDATION - reducing agent REDUCTION - oxidizing agent

Oxidation and reduction always happen together

J

Worked Example — Jglan Jlin 2 |

Ca+Zn" -Ca’ +Zn: 4 Jfianll Jolell 212

-

Identify the reducing agent in Ca + Zn?* - Ca?* + Zn
(J_Lubi.'u'") Ca:0—-+2
(Jjial) Zn™: +2 >0

Ca = Jjianll Jolall
a=JpanllJo y

4 Worked Example — Jglan Jlin 2 h

MnOa- +5Fe  +8H = Mn" +5Fe”" + 4H20:_a Jjianll Jolell 333
Identify the reducing agent in MnO,~ + 5Fe?* + 8H* _, Mn?* + 5Fe* + 4H,0

-

(1wadn Jole Mn0a~ « JIfial) Mn: +7 - +2
(A2u4l) Fe: +2 - +3
Fe™ = Jjianll Jolsll )

Common Mistakes — =il clhai A |

S uulg HaS ceilelainll (4o 1561 Jolell :1Cu gl S 2ilill ga Jjiaall Jolell ] Jai d @
The agent is the reactant (H,S), not the product (S).
alols Jelainll agun wisl abpn gan ggai ad awalii Sill ajall @
When the changing atom is inside a compound, name the whole reactant. :
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Self-test - 5 multiple-choice questions - outcome Q5

° What is the reducing agent in Ca + Zn?* _
Ca?* +Zn?

@ Zn?*
ca?*
@ Zn
@ Ca

a What is the reducing agent in H,S + Cl, -
S+ 2HCI?

(®) HyS
cl,
©s

@ HCI

° InMnO," + 5Fe?* + 8H* _. Mn?* + 5Fe3* +
4H,0 , which species acts as the reducing
agent?

@ Fe2*
MnO,~
©H

@ Mn?2*

In 2Na + 2H,0 - 2NaOH + H, , the
reducing agent is ...

Na, because its oxidation number increases
from O to +1

H,0, because oxygen changes from -2 to O
@ H,, because hydrogen changes from +1to 0
@ NaOH, because sodium is +1

° Zn + 2HCI - ZnCl, + H, . Which statement
about the agents is correct?

Zn is the oxidizing agent and HCl is the
reducing agent

Zn is the reducing agent and HCI (its H*) is
the oxidizing agent

@ CI™ is oxidized so HCl is the reducing agent

@ H, is the reducing agent

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Jelaill L Jfianll Jolell Lo
€Ca+2Zn?* > Ca%*+Zn
Zn2+ @
Ca2*
Zn @
Ca @

Jeldill _a Jjianll Jolell Lo a
¢H,S +Cl, - S + 2HCI

H,S (A)

Cl,

$(©

HCl (b)

Jeladll A
MnO," +5Fe2* + 8H* - Mn?2* + 5Fe3* + 4
H,0
sJjian Joleb Jasy ¢lgilll s
Fe2+
MnO,~
H*
Mn2+

@EE®®

2Na + 2H,0  2NaOH + H, Jelaill g °
.. g@ Jjianll Jolell

1+ J1 0 yn alaji oamali aac )il Na @

0 I 2- yo iy raws il il H,0

0 Ll 1+ yo sl giagjaugll g1 Hy (c)

1+ pgiagnll 41l NaOH (D)

aljlell si. Zn + 2HCI - ZnCl, + H, e
fdaan gilolell go adlll
Jian Jole HClg awada Jole Zn (A)
Jaolc (aa H* ggil) HClg Jjian Jole Zn
21540
Jfian Jole HCI 1Al CI~ awaliy @ |
Jianll Joleliga H, (D) |

Inspire Chemistry - Redox & Electrochemistry



EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall daln (g Loialaill peall

awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

awslillaace A polll duay Jljiddl ddoc go 6aaundll duloc jio BUESTION
Distinguish oxidation from reduction using the change in oxidation number Q 6
(cu.up ailelai E) (:.n.ubi.'ﬂl R RE-T] dlj-'ijl/ﬁ:\.mbi = ) (Table 1-Table 2 - Example 1)

What you need to know — agjei ai aliai Lo

&y Jal (Gihandl nell - Lilgill aaell) = peill glng awslill xac (g gladi Il awslill e (g éaljdausil @
Oxidation: increase in oxidation number; reduction: decrease. Net change = final - initial for each atom.
(apuisoll o] = axgaanll aligiialll JJlna)) gladill ggnan = alabijll ggnan dlolall dalenll 4 @
In a balanced redox equation the total increase equals the total decrease (electrons lost = electrons gained).
(620491 H: 0 = +1 g (JIjial) N: 0 = -3 Lg1a N2 + 3H2 = 2NHs :iligil (sgai I sill ddyjall alelaill e ddyhll gihii @
The method works for molecular reactions: in N, + 3H, - 2NH;, N: 0 - -3 (reduced), H: 0 - +1 (oxidized).
(KBr + AgNO3 - AgBr + KNOs Jin) Iljislg a4l guy Jelailla 8y s awmali nac pei pl 13 @
If no oxidation number changes the reaction is not redox (e.g. precipitation reactions).
g Cl: 0 » -1 lgta Cl2 + 2NaOH - NaCl + NaClO + H20 (Jin .aila Jclaill A awai miell alja Jriaig awalif 2a (padin pgd) dnld dlla ()

0-+1

Advanced: the same element can be both oxidized and reduced, e.g. Cl, in Cl, + 2NaOH - NaCl + NaCIO + H,0. )

A(oxidation number) = final - initial - A > 0 . oxidation - A <0 -, reduction

Figure — _auagill payll &3

C.I_ CII2 CI.O_ CK.)"’_ CICI)4' j

L i i i 1 1 1 i 1 i 1

I 1 1 1 1 1 1 1 1 1 1 |

-2 -1 (o] +1 +2 +3 +4 +5 +6 +7 +8 i

reduced forms — lower oxidation number higher oxidation number - oxidized forms
e J

s Worked Example — (Jglan Jlin 2 |

Nz + 3H2 = 2NHs :_g _alnll feillg awalill alaci 232
Determine the oxidation numbers and net changes in N, + 3H, — 2NH,

(auSgo Jole N2 JIjial 3 « gladiN: 0 - -3 «
(Jitan Jole (H2 Aawmai 1 —aljH:0- +1«
6H x (+1) = +6 v * 2N x (=3) = -6 : gdnill

N
s Worked Example — (Jglan Jlin 2 |

sJfiai sall Lng amsliy sall Lo Clz + 2NaOH - NaCl + NaCIO + Hz0 _a
In Cl, + 2NaOH - NaCl + NaClO + H,0 what is oxidized and what is reduced?

(JIfial) NaCl:0 » -1 _a Cl
(62047 NaCIO: 0 » +1 4 Cl
len Jjiaig amsliy (Cl2) awai misll

Common Mistakes — d=ilii clhal A\ |

(@il ac (g apal pi 6aalg ajal alnll peill) &3 Jal amaiill alaci gu Jr aljall aac gy gjlai 1 @

Compare oxidation numbers per atom, then multiply by the number of atoms.
JIfiadl gl amaill gyl H gf sis jtof — Ha (0 g H20 g 1+ :glalita Ha g H20 o H @
His +1in H,0 but 0 in H,.
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° Which of the following is NOT a redox
reaction?

(A) Zn + CuSO,4 - ZnSO, + Cu

2H, + 0, - 2H,0

@ AgNO; + NaCl - AgCl + NaNO,
() Cl, + 2KBr — 2KCl + Br,

InN, + 3H, —~ 2NH;, what are the changes
in oxidation number?

@ N: 0 - +3 (oxidized) ; H: 0 — -1 (reduced)
N: 0 -~ -3 (reduced) ; H: 0 - +1 (oxidized)
@ N: 0 - -3 (oxidized) ; H: 0 - +1 (reduced)
@ No change in either element

InCH, + 20, - CO, + 2H,0, the net
change in the oxidation number of carbon
is ...

@ +8 (from -4 to +4): oxidation
+4 (from O to +4): oxidation
@ -8 (from +4 to -4): reduction
@ 0: no change

In Cl, + 2NaOH - NaCl + NaCIO + H,0,
which statement is correct?

@ Chlorine is only reduced (0 - -1)

Q Chlorine is both oxidized (0 — +1) and
reduced (0 - -1)

@ Sodium is oxidized (+1 - 0)
(p) Oxygen is oxidized (-2 - 0)

o In a balanced redox equation the total
decrease in oxidation number equals the
total increase because ...

@ the number of atoms of each element doubles
electrons are created in the reduction step

@ the number of electrons lost equals the
number of electrons gained

(p) oxygen is always transferred
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dawal Jelai gul aulill -.'J.Ichd.'l'.Iléi
Jljialg
Zn + CuSO, —» ZnSO, + Cu @

2H, + 0, -» 2H,0

AgNO; + NaCl - AgCl + NaNO; (¢)

Cl, + 2KBr - 2KCl + Br; (D)

alpeill Lo N, + 3H, - 2NH; Jelaill _a a
‘:J.u.lbl:l]l)lc‘___.ﬂ

(JIal) 1- 10 go H ! (Bawsl) 3+ J10 9o N (R)

(@awmal) 1+ J10 go:H : (JIfial) 3- 10 o :N

(JIFial) 1+ J10 o :H ¢ (Aawal) 3- JI0 o :N ©

guaiell go sl fiei (D)
CH, +20, - CO, + 2H,0 Jclaill g e

.. Jgupall 2l aac _a peill Laln ggay
Awal L)+ ] 4- (0) 8+ @
A4l :4)+ JI 0 o) 4+
Jifal :4)- Il 4+ o) 8- @

ﬁ__\‘?_'l'.IJ:O@

Jelaill _a
sl Cl, + 2NaOH - NaCl + NaCIO + H,0
fdalnn dljlhell

(0= -1) hda jglall Jfiaj @

Ul (0~ -1) Jjiaig (0 - +1) jglall awmAliy
11lg

(1 - 0+) pgiagnll Al @
(2 - 0-) graws Il awsliy (p)

sglwiy digjgn JIfialg daumal dlalen _a e

alaci A 0aljll ggnan go glndill ggnan

oo 91l 2uslin
waclAil mic (Ja aljaaac @
JIfaul agha (g aligialill ggaii

aligialull aac (sgluy dagaanll aligialill aac @
i o

lnfla grawsl Jaiy (5)

5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chai pisl
Self-test - 5 multiple-choice questions - outcome Q6
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awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

(dhuull ginll) aligsillg alayoll A aljall awaLill alacl ol PR o

Assign oxidation numbers to the atoms in compounds and ions (simple formulas)

(Clb.l.u.l.l abbyn E) (mu.‘ni.i]l:l:\.ci:.clg.ﬁ E) (TabIeB-ExampIe 2) 9-10 yo :ulhll ulia M !

What you need to know — ada j.n.'l'gi aliailn

alayya A U)H = +1 « (1ago F gog 1- apwlaill gga g ) 1< 0 =-2- Lafla F « aiinuh = ajall éabi Jalll 0 < Al il wifilly aclgéll )
Al=+3g2=+2dcgnanllg 1=+1dcgnanll 1) «- wljlall

Rules in order: free element 0 — monatomic ion = its charge - Fis always -1 - O = -2 (peroxide -1) -~ H = +1 (metal hydride -1) - groups 1/2/Al =
+1/+2/+3.

gl aiauh = ciljall naein ggulll _ag .0 = awalill alacl ggnan Jaleinll waynll a:ggnanll @
The sum of oxidation numbers is 0 in a neutral compound and equals the charge in a polyatomic ion.
KCIOs: (+1) + x + 3(-2) = 0 = x = +5 :(wuliall) Jlin .diill = gl 0 = ggnanll a3gi pi x Jgganll Jeal dagienll alacill g :all ddypha @
Method: insert the known numbers, let the unknown be x, and set the sum to 0 or to the charge. Book example: KCIO; - ClI = +5.
abalenll 4o cja aiabll i 537 5057 x + 3(-2) = -2 = x = +4:gqaill @

lon: SO,27: x + 3(-2) = -2 = x = +4. The charge is part of the equation.

J
¥ (oxidation numbers) = charge for an ion ¥ (oxidation numbers) = 0 for a compound
B =
Fe=0:02=0-Ss=0 Uncombined element = 0
Ca?*=+2.Br =-1 Monatomic ion = its charge
Fin LiF = -1 F = -1always
OinNO2=-2-0inH202=-1 O = -2 (peroxides -1 ; with F positive)
Hin NaH = -1 H = +1 (metal hydrides -1)
K=+1-Ca=+2-Al=+3 Group 1=+1-Group2=+2-Al=+3
CaBrz: (+2) + 2(-1) =0 Sum in neutral compound =0
\ S03°~: (+4) + 3(-2) = -2 Sum in polyatomic ion = ion charge |)

é Worked Example — (Jglan JLin 74 A

{aliall 2 Jlin) SOs*~ 4 S am4li22cg KCIOs _a Clawliaac

Find Cl in KCIO; and S in 3032' (book Example 2).
KCIOs: (+1) +x + 3(-2) =0 = x = +5
SO3*:x+3(-2)=-2=x=+4

v il (sgluy alacill ggnan
- i J

i Worked Example — Jglan Jlin £ |

N2gNOz2gNHs _a N awaii aac wunal

Find N in NH;, NO, and N,
NHz:x +3(+1)=0=>x=-3
NO2:x+2(-2)=0=>x=+4
N2 (j2 jic): 0
J

Common Mistakes — deild clhai A |

OF2 1290 0 g H202 10 =-1g NaH _aH=-1:inila grili Luy OgH @
H and O are not always +1/ -2 (NaH, H,0,, OF,).
(O « 3 x(-2) ulja (3 222ll waclhi d)yainll 4jall L'ﬂu.IJ.i.'l'JJ (! )

Multiply by the number of atoms of the element.
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° What is the oxidation number of Cl in
KCI05?

(a) -5
® ¢
©
®s

What is the oxidation number of S in
S0,27?

(n) -4

+5

(©+3

(@) +4

e In which compound is the oxidation
number of oxygen equal to -1?

(A) H,0,
H,O0
(©) co,
@ Na,O

In which compound is the oxidation
number of hydrogen -1?

@ NH,
H,0
(c) HCl
@ NaH

In which species does sulfur have an
oxidation number of +6?

(a) SO,
o
@ H,S

(p) Na,S,0;

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

SKCIO; _# Cl yiell awaiisac Lo g
-5

+6‘
+4@
+5®

£50,%" 4 S jaiell awaliaac o g
A

+5

$1- Sgluy Jrawa il auali
H,0, (A)
H,0
co, (<)
Na,0 ()

22c gy ayllill clgagall sl o (@)

aac ggty allitl alspall si s @)

€1- Jragyupll awaii
NH, @
H,0
HCI (¢)
NaH @

awslizac ggoy auti glgill 51 (@)
€6+ Ccupall
SO; (a)
so,
H,S (¢)

N328203 @ |
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awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

Lgiu gjlig drirawuaill albynllg aljall aaein Gligaill A awslill alaci wuual s o
Assign oxidation numbers in polyatomic ions and oxy-compounds and compare them Q 8
(mbi:m alach quiyi E) (Qlj'njl é1aein aligii E) (TabIeB - Example 2)

What you need to know — adyei i aliai Lo :

aljlallg aglaiiul aljlall lof Na +1-Mg +2 - Al+3-H=1-F-1-0 -2 Cl -1- Ag +1 :(uliall (Table 1 a=ilill awalill alaci @
.B119in alacl lgla ajlall aub Jalenllg gpaill
Table 1 of the book gives common values; transition metals and many nonmetals show several oxidation numbers.
awalill 2ac alj ajall guai go gaws il lals — Mn (0) - Mn™ (+2) - Mn02 (+4) - Mn04*~ (+6) - MnOa~ (+7) :jtiaiall Jlin @
Lule
Manganese: Mn 0, Mn2* +2, MnO,, +4, Mn0O,%~ +6, MnO,~ +7.
.Cl (=1):Cl2(0)- CIO" (+1) - CIO3~ (+5) - CI0a~ (+7) ;glall @
Chlorine: CI” -1, Cl, 0, CIO™ +1, CIO;™ +5, CIO,™ +7.
5+ I 3- o ggiii — NHs (-3) - N2 (0) - N20 (+1) - NO (+2) - NOz (+4) - HNOs (+5) :Jtagyitill @
9 Nitrogen ranges from -3 (NH;) to +5 (HNO;).

J

x = (charge of ion) - £(known numbers)

Figure — auiagill pull @

NII-I3 le N?O NIO NIC)2 HN.O3
L i 1 1 i i i 1 i i ]
I ] ] ] ] ] ] ] ] ] 1
-4 -3 -2 -1 (0] +1 +2 +3 +4 +5 +6
reduced forms — lower oxidation number higher oxidation number - oxidized forms

Worked Example — Jglan Jlin 2

.Q)liig Mn04*~ _ag MnOa~ (& Mn awAli 3ac cunal

Calculate Mn in MnO,~ and in MnO,2™ and compare.
MnOa—: x + 4(-2)=-1=>x=+7
MnO4>~: X + 4(-2)=-2=>x = +6

el a4l a9 Tjiain (5921 Mn0a~ y

Worked Example — Jglan Jlin 2

.Cr207*~ _ga Cr amaiinac wunal
Calculate Cr in Cr,0,%".

2X+7(-2)=-2=2x=+12=>x=+6

Common Mistakes — @il clhal A |

12+ Jaii 1g) Jall a2 2 e pundila ,Cr g (g e denll sgiai Crz07* 3 @

Two Cr atoms: divide by 2 after solving.

fjailly cunaia ap g4 ol atiag sgluy J44 aljll 3ein ggilll awalisac @

The ion as a whole equals its charge; each atom is found by splitting.
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What is the oxidation number of Cr in
Cr,0,27?

a Arrange the following species in

ascending order of the oxidation
number of N in each of them: NH; , N, ,
NO,, HNO,

@ HNO; -~ NO, -~ N, - NH;

N, - NH; - NO, - HNO;

@ NH; - NO, -~ N, -~ HNO;,

@ NH; - N, -~ NO, - HNO,

e Which species contains manganese in
the highest oxidation number?

() MnO,4~ (+7)
MnO, (+4)
(c) Mn?* (+2)
(D) Mn0O,* (+6)

° What is the oxidation number of N in
NH,*?

@) -3
(8) +3
(©) -2
®) -4

e In which pair does sulfur have the
SAME oxidation humber in both
species?

(A) SO, and SO

H,S and Sg

(© S0,2” and H,SO,

(D) SO5*” and SO,*

e 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

§Cr,0,%" L Cr paiell awmalizac Lo g
-6

+7‘
+5@
+6®

aac wuna Daclai alil glgiill o a
«NO, . N, . NH;:lgin J45 _A N awali
" HNO,
HNO; - NO, > N, > NH; (a)
N, = NH; -» NO, - HNO,
NH; - NO, - N, » HNO; (¢)
NH; - N, » NO, > HNO; (b)

jiaiall Ll sging dulill glgilll si e
Samaliaac Llch

MnO,” (+7) (a)

MnO, (+4)

Mn2* (+2) @

MnO,*" (+6) (D)
$NH,* (4 N jaiell awaiizac lo
3 o

+3'
_2©
_4®

2aell dypsll pniel ggay agj Sl
SUegill LA awslill go awdi
SO, and SO, @

H,S and Sg
H,S0,9S0,% (¢)
S032"and S0, (b)

Inspire Chemistry - Redox & Electrochemistry
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. @hlisnll apula il anwla il (§ga . dhuwginll pudll) dadenll guall (4 awaiill alaci wunl
(Badienll Gligudll
Determine oxidation numbers in complex formulas (average values, peroxides, mixed oxides, complex

ions)
(:\.Lubi.'i.lln.cb.n.ugin E) (nmng.l.n E) (TableB-PracticeS—S) 9-10 yo:ullhll ulia M

What you need to know — adjei i aliailn

230 ;ighy Ja .(Cr207* (203 (pililnin (fija gl (NOs~, (SO4*~ ciljall aaein ligyl (Sgai :Badenll gunll @
Jopanll cunal pi dinill caggeoll ggudll
Complex formulas contain polyatomic ions or repeated atoms. First use known ion charges, then solve for the
unknown.

lalaci Jnai ad alilniall ciljall (1l 5406 (+5/2) g FesOa (+8/3) Jin Iiu4 (jgay a6 :auwmalill 3ac huugin @
(2Fe”" gFe™ 1ag) Fes04 A) aalinn
An average oxidation number may be a fraction: Fe;0, = +8/3 (one Fe?* and two Fe3"). "
aligrialill aa sgal F il O = +2 gg4ay OF2 g .0)-0 dhyl)) O = -1 Lngia H202 g Naz02 :aulaill oo @
- 'in._lg
Peroxides: O = -1(H,0,, Na,0,). In OF,: F = =150 O = +2.
1« 4(+1) + X+ 6(-1) = 0 = x = +2- aiinh CN Jgul :KaFe(CN)s :badenll Giligiill @
Complex ions: K4[Fe(CN)6] with CN~ = -1 gives Fe = +2.
g CHs0H = -2 _a dhuging ((uj1 O g Jlau (H kulgyl (o gguall amali aac awny ‘dughell auqynll @
.CeH1206 =0

In organic compounds the average oxidation number of carbon is -2 in CH;0H and 0 in C4H;,04.

n-x + X(known) = charge (n = number of atoms of the unknown element)

Worked Example — Jglan Jlin 2 |

.ofiag Fes0a (A a1a1ll awali 3ac hwgin wuwnl
Calculate the average oxidation number of Fe in Fe;0, and explain it.

3x+4(-2) =0=x=+8/3 = +2.67

2Fe” < (2+3+3)+3=8/3v gnFe” sl Fes0a = FeO-Fe20s :juuail

/ Worked Example — Jglan (Jlin 2

:25203°~ = Sa06°~ + 2e” LA dulnell ¢giaia piSa06™~ A9 5205~ A S w4l 3ac wuwnl
Find S in S,0,2” and S,042", then identify the process in 25,0,%” - S,04%™ + 2e".
S203°:2x + 3(-2)=-2=>x=+2

Sa06" "1 4x + 6(-2) = -2 =>x=+2.5

Bawal 2.5 «+ 2+ 0o S awaliaac alajl
N )

Common Mistakes — dfLi clhal A

F 1 hlijull gi apwai (§ga agag (o (ddaidnfla O = -2 i yayiai 1 @
Check for peroxides or F before assuming O = -2.
Lgwai aeinll g aaell aalitn alja Ji «ggsial] ¢uli» agag sier U spuall huginll @

A fractional average does not mean fractional electrons.
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What is the oxidation number of iron in
K,Fe(CN)s? (CNis a -1ion)

® 2
®
©
() -2

Fe;0, contains iron in two oxidation
states, Fe?* and Fe®*, in a1: 2 ratio. What
is the average oxidation number of iron?

@ +2
*3
(©) +8/3
®

° In the half-reaction 2S,0,%” - S,0,%™ +
2e~ , what happens to sulfur?
It is reduced: the oxidation number decreases
from +2.5to +2

Q It is oxidized: the oxidation number increases
from +2 to +2.5

It is oxidized: the oxidation number increases
from +4 to +5

@ Its oxidation number does not change

a In NH,NO; the oxidation numbers of the
two nitrogen atoms are ...

@ +3 and -5
-3 (in NH,*) and +5 (in NO3~)
@ -3 and +3
@ +1and +1

Arrange the following species in
ascending order of the oxidation number
of Crin each of them: Cr®*, Cr0,2~, Cr,
cr?*

(A) Cro*” - Cr** . Cr** . Cr
Cr - Cr¥* _ Cr®* o Cr0,2"
(c) Cr?* — Cr - Cr®* . Cro,*
(D) Cr - Cr¥" — Cr?* _ Cro,*

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan
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L'jg._l_i) ¢ K,Fe(CN)g A aall awaliaac o °
1)- aiiad CN

+2 @

+3 ‘

+4 @

-2 @

g Fe?* (tillay aaall Llc Fe;0, (Sging
awalisac hugin Lo .1: 2 duuiy Fe3*
€ayaall

+2 @

+3 .

+8/3 @

+4 @

25,0,%" - $,042" + 2" Jelaill céni g e
SCupall daag lhln
2+ J1 2.5+ (o oawAli 2ac (adiy A @
2.5+ I 2+ (0 0awali aac alaj w4l
5+ Jl 4+ o 0awAlinac alaj :awmaliy @
nawali 3ac foi Ul @

iJ3 amaiialach ggai NH;NO; i °
.. gyl

5—93+®

(NO3™ L) 5+ g (NH,* _q) 3-

2waii 2 quun bacbni ayLill glgifll i) e
Cr?*,Cr,Cr0,% . Cr¥ :lgin ya A Cr
Cr0,*" > Cr’* > Cr** > Cr (a)
Cr- Cr?* - Cr3* - Cr0,%"
Cr?* - Cr > Cr¥* - Cr0,* (c)

Cr—Cr¥* > Cr** - Cr0,* (p) |

/
/
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Laawmaiiaac A neill _Alng 2u4iii Sill dalodl 23

Identify the species that is oxidized and the net change in its oxidation number

(L,uLnJIym.lJl E) (mu_‘ni.'l'.n.ll RYRRY) E) (CheckYourProgressQ—M) 11 ga:ddlhll alis M !

QUESTION

What you need to know — adyei i 2lihilo |

(Al aaell - Lilgill aaell) = peill alng ‘@24l aac alajs Stl & dawalinll 43l @

2go
The oxidized atom is the one whose oxidation number increases; net change = final - initial
(positive).

(aualiy) Fe: 0 —» +2 — Fe + 2HBr - FeBr2 + H2 :elingpgjaipll jana o ajaall auliall Jelai @
Book question 11: Fe + 2HBr - FeBr, + H,; Fe goes from 0O to +2 (oxidized).
{c2gn fla ggif JI Jgaiy) Iaila awaliy ganall _a gagjaugll Jan Jay sall jlall @
A metal that displaces hydrogen from an acid is always oxidized.
Clz+2Znl2> ZnCl2 + 12 (I: =1 > 0) , C + 02 = C0O2 (C: 0 - +4) :8 uliall 6nJ )
.CdO + CO - Cd + C02 (C: +2 —» +4)

Book challenge 8: C0- +4;1-1-0; C +2 - +4 are oxidations.
N\ /

Net change = n(final) - n(initial) > O = oxidation

Worked Example — Jglan Jlin 2

Alnll opeig awalinll 332g HBr 20 111l Jelai dlalen wial
Write the equation for iron with HBr and find the oxidized element and its net change.
Fe + 2HBr - FeBr2 + H2

(Jfian Jole) amaliy « 2+ = peill aln Fe:0 - +2 «

JiaiH: +1 -0«
- J

' Worked Example — Jglan JLin 2 |

salnll peill Ing Clz + Znlz = ZnClz + 12 _a awmali) gupniell sl
Which element is oxidized in Cl, + Znl, —» ZnCl, + |, and what is the net change?

awaliy 172) e+ gugulig) 1+ a3 Jal peill plo k-1 0 «

JiaiCl0—» -1«
- J

Common Mistakes — d@sildi clhaf A |

g sl Jelainll ga Jjiaall Jolell pi hda aspall gulg awslinll paiell j531 @

Name the element that is oxidized, then the reducing agent is the reactant that contains it.
2+ = Jall _alnll pgeill ag lija Znlz o @
J

KTwo iodide ions: total net change = +2.
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In the reaction Fe + 2HBr - FeBr, + H,,
what is the oxidized species and its
change in oxidation number?

(A)H:+1-0
(B)Br:-1-0
@Fe:+2—>0
(p)Fe:0 - +2

a Which element is oxidized inC + O, -
co,?

(a) Oxygen, 0 — -2

Carbon, 0 - +4

@ Carbon, +4 - 0

@ Both elements

In Cl, + Znl, -~ ZnCl, + |, , what is the
total change in oxidation number of
the oxidized species (per formula unit
of Znl,)?

@ +2 (two I~ ions, each -1 - 0)
(® *1

(c) -2

(p) -1

In CdO + CO - Cd + CO,, which
statement is correct?
@ CO is reduced (C: +2 - 0)
CO is oxidized (C: +2 — +4) and CdO is
reduced (Cd: +2 - 0)
@ CdO is oxidized (Cd: +2 - +4)
@ Oxygen is oxidized (-2 - 0)

Which change is an oxidation?

gSn2+ - Sn%*

Fe3* _ Fe?*
(c)cl, - Cr

(o) MnO,” ~ Mn**

e 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Lo Fe + 2HBr - FeBr, + H, Jclaill _a

Slaawaliaac poig dawalinll Aalall
OUI!‘I+(_'J_D:H®
0l 1-yn:Br (B)
0Jl2+yn:Fe (c)
2+ Jl0gn:Fe ()

Jelaill g awaliy paic sl e
$C+0,- CO,

2- 10 9o grawsill (a)

4+ 10 o ggyall (B)

0 Jl 4+ 9o Jguall (o)

len lisll @
Lo Cl, + Znl, » ZnCl, + 1, Jelaill s e
Balall awbliaac g peill Jlnal
$(Znl, 0 G&un Baag Jal) Gawslinll
+2 (two I~ ions, each -1 = 0) @

+1.
_2@
_1@

51 CdO + CO - Cd + CO, Jelaill s °
fdaian dljuell

0) JI 2+ g0 :CO (C Jjii (A)

Jiiaig &)+ JI 2+ 40:CO (C awsliy (6)
0) JJI 2+ yn:CdO (Cd

&)+ J| 2+ 40:CdO (Cd awsliy (¢)

(2 = 0-) (pawa il awali @
sdawal Jing U oo pei sl
Sn?* - Sn#*
Fe3* > Fe?*
Cl,»ClI" (c)

MnO,” - Mn?* ()

Inspire Chemistry - Redox & Electrochemistry
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awalill alacig Jljiadlg ams il 11 gujall - 1 daagll

lausliaac a4 peill Alng Jjiad sill aalall 23a QUESTION
Identify the species that is reduced and the net change in its oxidation number Q 1 1
(,_,uLn.llJ-m.lJl E) (dj-'ii.ﬁ]l ajaai E) (Check Your Progress 9 - 1&)

What you need to know — agjei {ji aliailn

Wl peill _alng laawaliaac gadis Sill La afiaall djall ()
The reduced atom has a decrease in oxidation number (net change negative).

Jaw4agn Ilole HBr (jgaig ((rijal 2-g.a) Jal 1- aln) 0 JI 1+ go H Jfiai Fe + 2HBr > FeBra + H2 0 @
In Fe + 2HBr - FeBr, + H,, hydrogen is reduced (+1 - 0) and HBr is the"oxidizing agent. )
(22 04+) JfiaiZn+Cu” > Zn" + Cu« Cu™ i Jalll jlall ggii Jjizy bl flall :Juagl alelai @
In replacement reactions the more active metal reduces the ion of the less active one.

«sanall hugll g 598 JIfial gag 5)- _aln) 2+ I 7+ 30 Mn awalinac i MnOs~ - Mn™ g séuinwaill aliball @
MnO,” - Mn?*is a reduction of Mn from +7 to +2 (net -5).

J

Net change = n(final) - n(initial) < O = reduction

Figure — aLigill puyll @

Reduction of permanganate: +7 . +4 _, +2 (larger drop = stronger reduction)

2+ 2- -

Mrl1 MnIO2 Mn(l) - MnIO " :

I l i l i l i i I

I I I I I I I I 1 :

o) +1 +2 +3 +4 +5 +6 +7 +8 ;

reduced forms — lower oxidation number higher oxidation number - oxidized forms

\_ J

f Worked Example — Jglan Jlin 2

Sneill _aln Lng Fe + 2HBr - FeBrz + Hz _a Jjia] gupaiell s

Which element is reduced in Fe + 2HBr — FeBr, + H, and what is the net change?
JAAIH « 1- g Jal peill _aln H:+1 -0 «
(2pain ggil) peiy pl Br: -1
J

-

4 Worked Example — Jglan Jlin 2 h

Mn0a~ +5Fe™ +8H - Mn™ + 5Fe” + 4H20 _a lapei _alng dlfiaall dalnll 333

Identify the reduced species and its net change in MnO,~ + 5Fe?* + 8H* — Mn?* + 5Fe®* + 4H,0.
JiaiMn0a™ « 5- peill aln Mn: +7 = +2 «
Jadill sglwi5 v+ =alja 5 x (@1w4l) Fe: +2 - +3

-

J

Common Mistakes — d@eilii clhal A |

2+ I 7+ go Mn JIfiad 5)+) wiad o ‘[aila dulbw Jlfd Ul g peill _aln éJLLi'.ll o
The net change in a reduction is negative. " )
Awali g Jfia] Ua oawalisac pei i (K', Na*, (Br gyainll ggifll @
Spectator ions are neither oxidized nor reduced.
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5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chai pisl
Self-test - 5 multiple-choice questions - outcome Q11

In Fe + 2HBr - FeBr, + H,, which 1 Fe + 2HBr - FeBr, + H, Jclaill _a
element is reduced and what is the net B sa)3 Jal peill _Aln Log Jfiad v
change per atom? 1); 00 1_JGD . @

@ Br: -1 - 0 (net +1)

H:+’I~O(net—’|)

@ Fe:0 - +2 (net +2)

1)- An) o JI 1+ ga:H (8)
2)+ _Alp) 2+ Jl0 o Fe ()

(D)H:0 - +1(net +1) 1+ Aln) 1+ J10go :H (D)
a What is the net change in the oxidation aic Mn awaliaac A peill _Aln Lo
number of Mh when MnO," is < Mn2+“,__,ll MnOZ‘ Jgai
converted to Mn?* ? )
+5 @

o 7®
©+2 +2@
() -5 -5 (D)

Which species is reduced in the Jelaill _a Jfiai ggi Gl
reaction Zn + Cu?* _ Zn?* + Cu? $Zn + Cu2* = Zn2* + Cu
(&) Zn (0 - +2) 2)+ J10gn) Zn (a)

2+
o (2 0 0) Jl 2+ go) Cu?*

Zn“* (+2 - 0)
0) I 2+ (yn) Zn?*
(o) Cu (0 - +2) S @
2)+ J10yn) Cu (D)

Q In 2KBr + Cl, - 2KCl + Br, , the total 2KBr + Cl, - 2KCI + Br,, Jeldill _ °

decrease in oxidation number equals ... | 3.ui4iill aac 4 gadill Lol Sgluy

® 1®

4
: S
@ 2 (two Cl atoms, each 0 - -1) , O @
1)- JI0ya Login Jaljgla i) 2 (D)

Which half-reaction shows a reduction aLa gadiy Uljisl Jing Jelai c@ani 6i
in which the oxidation number of the ¢3 jladns miell s s.e
element decreases by 3? Fe3* 4 o~ - Fe2* @

@ Fe3+ +e - Fe2+ 2+ .
Cu2* + 26~ . Cu Cu<™ + 2e —>Cu
Fe3* +3e > Fe @ |

@ Fe3* + 3e” _ Fe
@ Al = AIP* + 3e” Al - AR + 3¢ @ |
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Jelaill dni adaphy snall hangll _a Jlfiadlg dawnaill dalen Jjg dlgha paal BUESTION
State the steps of balancing a redox equation in acidic medium by the half-reaction method

(g =) (g =) G Q12

ailall gjlg (3) .l alaci 2o gtigjgall e Jelaill Laniqial (2) dajainll aligilll gga dualnll dtigilll dlaleall (iial (1) (Table 6) ailghall g
Halall adlag dapainll aliglll acl (6) abivall wanlg granill gaal (5).dunianllg dagaanll ciliggalyl aac glw (&) .wligrialJb ainunll pi

Table 6: net ionic equation - half-reactions with oxidation numbers - balance atoms and charge - equalize electrons - add and cancel -

return spectator ions.

I H dalal gagjasg!l gjlg pi linwal gaalill caphll | H20 dalab graansill gjlg :ajiar H aligig clall jagh; sanall hugll 4 @
iligrialyly diadgull gjig pi aalill wjhll

In acidic solution balance O with H,0, then H with H°, then charge with electrons.
2« 10e" g5 Aupi(5e’) « Jliiall wanig (2 e7) daws il cani:Jhbill apally aligrialyl gl genlll dfiholl dclianll g
Use the least common multiple of the electrons (2 and 5 - 10).
anll A alawll pla)ill goi ig ‘glwin diniill ggnan g (rayhll LA glwin pnic Ja aljd aac:Silgill Gdaill @
Final check: atoms AND charge are equal on both sides; never change subscripts.

e~ lost (oxidation) = e~ gained (reduction) ) C O_-H0;H-H; charge - e~ )

)

Figure — A

Split into Balance Balance O Balance H Balance Equalize e”

two atoms with with charge add &
half-reactions (not O, H) H-0 H* with e” cancel

Acidic medium: use H-0 and H* only.

Check at the end: atoms of every element AND total charge are equal on both sides.

Worked Example — Jglan Jlin 2/

[Fe + CuS0a » Cu + FeS0a dlalall aeunll dlaleall piFe + Cu™ - Cu + Fe™ :claill cani ady i gjlg

Balance by half-reactions: Fe + Cu?>* . Cu + Fe?*.
Fe - Fe2* + 2e™ :Oxidation
Cu?* + 2e” - Cu :Reduction

Cu + Fe?* » Cu?* + Fe :Overall

(& J

@ Worked Example — (Jglan Jlin £ h

MnOa~+Sn" > Mn" +Sn" ; ganall huugll _a (wiliall 5 Jlin) gjlg

Balance in acidic solution (book Example 5): MnO,~ + Sn?* _, Mn?* + Sn**
Sn?* - Sn** + 2e” :Oxidation
MnO,” + 8H* + 5™ » Mn?* + 4H,0 :Reduction
2 (reduction) = 10 e~ exchanged x , (oxidation) 5 x

H,OO0verall: 5Sn?* + 2MnO,,~ + 16H* - 5Sn** + 2Mn?* + 8
N )

Common Mistakes — =il clhai A\ |

2ilgill L Bawmaill _ag ailclainll _a ggai JIfiadl _a:lhall @yl I aligiialdl cani | @
Electrons: reactants side for reduction, products side for oxidation.
{sana) H’ g H20 Jniwl :aiilall Jdlanll A H2 1 gagjaugll gl 02 4 (sl gjlgi 1 @
Use H,0 and H’, not O, or H,.
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(Jelaill ani) JIjiadlg 6amaill aalen gjg 22 gujall - 1 82agll

2aein Jo jLisl aluwl 5 — clhuai pidl |9
Self-test - 5 multiple-choice questions - outcome Q12

° Which sequence shows the correct order for
balancing one half-reaction in acidic solution?

@ Add e~ for charge - add H* for H - add H,0 for O
- balance atoms

Balance atoms (not O, H) - add H,O for O - add
H* for H - add e~ for charge

(c) Add H* for H — add H,0 for O — add e~ - balance
atoms

@ Add OH™ for H - add H,0 for O - balance atoms —
add e”

Which equation is the correctly balanced
reduction half-reaction for MnO,~ -~ Mn?*in
acidic solution?

(A) MnO,” + 4H* + 3e” — Mn?" + 2H,0

MnO,~ + 8H* — Mn?* + 4H,0 + 5e~

(c) MnO,™ + 8H" + 5™ — Mn?* + 4H,0

(D) MnO,™ + 8H" + 7e” —~ Mn*" + 4H,0

e In the unbalanced reaction KMnO, + SnCl, + HCI
- MnCl, + SnCl, + H,0 + KCI, which ions are
spectator ions that are removed from the net
ionic equation?

@ Mn?* and Sn**
K* and CI~

(c) H* and MnO,~
(b) Sn** and CI”

In balancing MnO,,~ + Sn?* . Mn2* + Sn**  how
many electrons are exchanged in the balanced
equation?

Which check proves that a redox equation is
correctly balanced?

The atoms of every element and the total charge are
equal on both sides

Only the number of atoms is equal on both sides

@ The number of H* equals the number of H,0

@ The coefficients of reactants and products are all
equal

©

0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

bung (A 20lg Jeldi wani gjgl aan wisi s (@)
¢5nm
0 « 1H,0 wniH « I H* wanli « diniiill e wani
alall yjlg
wani 0 « dijlgnl H,0 wni H) « g O lac) aljall yijig
dinuhll dijlgnl e” cani H « dijlgnl H*
Jilge” « wani 0 « 1H,0 wniH « 1H* wni
ciljall
wani « aljall gjlg 0 « 1H,0 wniH « 1 OH™ wani ®)

e
annll ggjgall JIjiall wni Jinidhlen si e
fGana hug i MnO,~ - Mn?* Jgaill

MnO,™ +4H* + 3e” > Mn*" + 2H,0 (a)
MnO,~ + 8H* - Mn2* + 4H,0 + 5e”
MnO,” +8H" + 5e” » Mn?* + 4H,0 (¢)
MnO,” +8H" + 7e” > Mn?* + 4H,0 (D)

ogigall pé yetail 4 (@)

KMnO, + SnCl, + HCI -» MnCl, + SnCl, + H,0 +
KCl
digyill dlaleall gn waaaig dapain aligsdll sl
Séaalnll

Mn2* and Sn** @

Cl-gK*

H*and MnO,~ @

Sn?*and CI @

2 (®)
5(®
10@
4O

A9 MnO,~ + Sn?* - Mn?* + Sn* jjg aic
Sdigjgall dlaleall g Jaliy ligriall

JIfiadlg Bawbill dalen gi culy gaad sl
faan J4idu digjgn
Jiaghall g alall dinllg paic Jb ala sghwi @
Juaghall g haa alall aac sglwi
H,0 1ac go H* 2ac (sglwi @
ailgillg aillclainll g wiloleall gind (Sglwi @

Inspire Chemistry - Redox & Electrochemistry



EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall daln (g Loualaill peall

Jljialg dauwai Jelail JIjiadlg daumaill Jelai Aani il

Write the oxidation and reduction half-reactions of a redox reaction

Coim =) Cgrasriams =) (e o) Q13

(lgumiay) Jlfiadl wanig (ciligialdl ada)) aama il cani :JIfiadllg dawaill Jelai sija aai ga (half-reaction) Jclaill wani @
A half-reaction is one of the two parts of a redox reaction: the oxidation half or the red"uction half.
/2H +2e" > H2, 02 + 4™ » 20" ) JIiall canig waillelaill J4 (g dawbil cani ga Fe - Fe™ + 3™ (a120) 5 Jgaall @
Ag +e > Ag.Cu” +2e - Cu
Table 5: Fe - Fe3* + 3e™ is the oxidation half in all of them; the reduction halves differ (0, H’, cu?*, Ag').
Jphi aws il adinhll e” canl « aljall gjlg « (JIfial) gadi sallg (@amal) oawalisac alajl sall Jelainll 230 :ddgphll @
LJilclainll capq e Jifiadl A9 Qilgill cayh A
Method: find which species is oxidized/reduced, balance atoms, then add electrons to balance charge.
Oneinll aljall aac x |3.u.|bi.'|]| 2ac A peill] = Jelaill cani g aligiialllaac @
Electrons in a half-reaction = |change in oxidation number| x number of changing at;ms. "

QUESTION

( Reduction half: reactant + ne~ - product ) ( Oxidation half: reactant - product + ne” j
Reduction half-reaction Oxidation half-reaction Overall reaction
0, + 4e” > 202" Fe - Fe3" + 3¢ Fe + 0, > Fe,0,
2H* + 2e" > H, Fe - Fe3" + 3¢ Fe + HBr - H, + FeBr,
Cu?*+2e > Cu Fe - Fe3" + 3¢ Fe + CuSO, - Cu + Fe,(SO,),
Ag*+e > Ag Fe — Fe3* + 3¢~ Fe + AgNO; > Ag + Fe(NO;),

Worked Example — Jglan Jlin 2 h

Pd™ +Pb - Pd +Pb™:_a Jelaill Lani qial
Write the half-reactions in Pd?* + Pb — Pd + Pb?*.
Pb - Pb2* + 2e™ :aam4l
Pd?* + 2e” - Pd ;JIjil
4igjgn dlalenll « daclhnl aala 1la (2) gluin aligrialyll aac

Worked Example — Jglan dl.'i'.n p'

(&yljgll aliwi) 2Br + Cl2 = Brz + 2CI":_a Jclaill ani qial

Write the half-reactions in 2Br~ + Cl, -~ Br, + 2CI".
2Br™ - Br, + 2e” :d1wAl
Cly + 2e™ - 2CI™ :Ijial

Common Mistakes — deilii clhai A |

(allclain) lgalgimy Jljiadlg (a.'l'lg.i) aligrial] adid awa il :lhAll Wa]lat] l_,cl aligrialll gai U o
Oxidation produces electrons; reduction consumes them.
Fe - Fe™ +3e (0 =+3 - 3) ilin :dinuiill (fin ggar of wa Jelaill cani o

A half-reaction must be balanced in charge.
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2aein (o jLisdl dluwl 5 — chuai pisdl g
Self-test - 5 multiple-choice questions - outcome Q13

° Which pair gives the correct oxidation and
reduction half-reactions for 2Br~ + Cl, -
Br, + 2CI~ ?
Oxidation: Cl, + 2e™ - 2CI™ ; Reduction: 2Br~
- Bry, + 2e”
Oxidation: 2Br~ — Br, + 2e™ ; Reduction: Cl, +
2e” - 2CI
@ Oxidation: 2Br~ + 2e~ - Br, ; Reduction: Cl,
-~ 2CI7 + 2e”
(p) Oxidation: Br, - 2Br~ ; Reduction: 2CI” — Cl,

In Al + Fe3* _ AIP* + Fe, which equation is
the reduction half-reaction?

(A) Al AP + 3e”
Fe - Fe®' + 3e~
(c) Fe®* +3e” - Fe
(D) A" +3e” - Al

How many electrons appear in the
oxidation half-reaction Fe . Fe3*?

@ 3, on the reactant side
2, on the product side
@ 1, on the product side
@ 3, on the product side

Which half-reaction is NOT balanced in
charge?

@ Cu?* +2e - Cu

Zn - Zn?* + 2e”

@ Cu?* +e - Cu

@ Ag*+e” - Ag

° In the reaction between iron and oxygen,
Fe + O, -~ Fe,05, which reduction half-
reaction occurs?

@ Fe - Fe3* + 3e”
0, + 4e~ - 20%"

202" . 0, + 4e-
% Fe3* + 3e‘2 -~ Fe

0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

Jjisdllg Bawalll ani Jins a9 i (@)
2Br~ + Cl, = Br, + 2CI~ Jclaill (Haanll

<

:JIfadl 1 Cly + 2e” - 2C17 :82mA 1l ()

2Br~ = Br, + 2e”
:JIFaL] 1 2Br™ - Br, + 2e” :42w4 il

Cl, + 2" > 2CI”
:JIfiall 1 2Br” + 2e” - Br, :8awma il (¢)

Cl, - 2CI™ + 2e"
2CI™ - Cl, :Jljiadl : Br, - 2Br~ :an4 |l @

sl Al+ Fe3* - AR + Fe Jelaill s a
sdIfialll Jelai wani La dlalen

Al - AIP* + 3e- (™)
Fe -» Fe3* + 3e”
Fe3* +3e > Fe @

AIP* + 3e™ = Al (o)

Jelai wni _a aligpialydl aac pa
¢ Fe - Fe3* aawaill
allclainll waph A3 @
ailgill caph a2
ailgill wyh a1 @
ailgill waph 43 @

&3 g0 9gjgo it Jli Lon Jeldi dni s °
g“- . II

Cu?* +2e" > Cu @
Zn - Zn?* + 2e”
Cu?* +e > Cu @
Ag*+e - Ag @

guws il go apaall Jelai e

S¢nay JIfial wni si Fe + 0, - Fe,05
Fe - Fe3* +3e” (a)
0, + 4e™ - 20%"
202" > 0, +4e” ()
Fe%" +3e™ - Fe (D)
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(algall dulnlen) Jelaill wdni déiyhy stinn haug A JIfislg Bl dlalen Ujlg

Balance a redox equation in acidic medium using half-reactions (coefficients of species)

(G.u.nLv.n E) (.sn.n:n Jig E) (ExampleS-Practice 23,2h> 16 -19 ya :ullhllulis M

What you need to know — aajai

gnall J] Jdiii 1l .gag e” « sglwie” « g diadi H & 1H20 « H 0 « alja « glani:Lap alghall giil @
aligiialdl alghun Jud

QUESTION

Q14

Follow the steps in order; do not add the halves before equalizing the electrons.
rsanall hwgll g deilit dawsgn Jolge @
Ja aliggiall 3ac hiaal — Mn0a~ - Mn™ (5e7), Cr207*~ - 2Cr’ (6e7), Bi03~ — Bi”* (2¢7) . NOs- — NO (3¢)
lgin
Common acidic oxidizing agents and their electron counts: MnO,~ (5), Cr,0,%™ (6), BiO;™ (2), NO;~ - NO (3).

7 H20 iijg 14 H' ellging (2 x 3) ciligyial] 6 Judiuy JIjiadl cani gi gliei Cr20-~ _a gLililaiall gLijall @
Cr,0,%™ contains two Cr atoms: 6 7, 14 H and 7 H,0 are involved.

ainuillg aljall galyi pi (H20 g H' lilkig (e~ gaphll (4 jjai lo i goall 101 @
After adding, cancel species that appear on both sides and verify atoms and charge.

( MnO,” + 8H" + 5e” . Mn"" + 4H,0 ] [ Cr,0,> +14H + 6e™ — 2Cr  + 7H,0 ]

Worked Example — Jglan Jlin 2 |

Cr207*- +1' = Cr + 12 sana huug (A (wliall 23 cujai) gjlg
Balance in acidic solution (Practice 23): Cr,0,2" + 17 - Cr3* +1,

2l = I, + 2e™ :Oxidation

Cr,0,2” + 14H* + 6™ - 2Cr3* + 7H,0 :Reduction

1 (reduction) = 6 e~ exchanged x , (oxidation) 3 x

H,00verall: 61~ + Cr,0,2™ + 14H* > 31, + 2Cr3* + 7
N\ J

Worked Example — Jglan Jlin 2 |

Mn™ + BiOs~ = MnOa~ + Bi”": gana huug g (Qlially 24 1y)ai) gjlg
Balance in acidic solution (Practice 24): Mn?* + BiO;~ — MnO,~ + Bi®*

Mn?* + 4H,0 -» MnO," + 8H* + 5e™ :Oxidation
BiO;™ + 6H* + 2e” > Bi®* + 3H,0 :Reduction
5 (reduction) = 10 e” exchanged x , (oxidation) 2 x

H,OOverall: 2Mn?* + 5BiO;~ + 14H* - 2MnO,~ + 5Bi** + 7
N\ J

Common Mistakes — d=ilii clhal A |

{esip Jal gligrial]) aalg esja gliid 217 gling I = 12 f luwi @

Two I~ are needed to form one I,.

llelainll l_,cl Jgay H LSD_DJJI Jiiadl UG — allclainll Jau Jljiddl cani L_,cl a.TIg.iJI UI! H C|.(:|Lr_'1| o
In acidic reductions H' is added to the reactants.
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2aein Jo jLisdl dluwl 5 — chuai pisl g
Self-test - 5 multiple-choice questions - outcome Q14

° MnO,~ + Fe?* _ Mn?* + Fe**
When this reaction is balanced in acidic
solution, what is the coefficient of Fe2*?

(n)6
(&) 4
@5
(o) 10

e Cr,0,2” + Fe?* _ Cr3* + Fe®*
When this reaction is balanced in acidic
solution, what is the coefficient of H*?

@15
(8)13
@28
@14

e Mn2* + BiO;~ - MnO," + Bi%*
When this reaction is balanced in acidic
solution, what is the coefficient of BiO;™?

@6
(®)5
@4
@10

o Cu+NO;™ - Cu?* + NO
When this reaction is balanced in acidic
solution, what is the coefficient of H,0?

@5
4
@3
@8

e In the balanced equation for Cr,0,%™ + 1~ -,
Cr®* + 1, in acidic solution, what is the total
number of electrons transferred?

@2
()3
@14
@6

e 0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

MnO,~ + Fe?* » Mn?* + Fe3*
lo sana hug La Jelaill 13a gjg aic
Sdigjgall dhlenll LA Fe®* Jolen

Cr,0,2" + Fe?* » Cr3* + Fe3*
Lo 00 huug LA Jeldill 1aa gjg aic
fdigjgnll dhlenll A H* Jolen

15 @

13 (B)

28 @

14 @

Mn?2* + BiO;~ - MnO," + Bi%*
Lo sana hug LA Jelaill 13a gjg aic
Sdigjgall &hlenll 4 BiO,;” Joleo

Cu+NO;™ - Cu?* +NO
o &0 huig A Jeldill 132 gjg aic
Sédigjgall &lalenll L H,0 Jalen
5(®)
e
29
8(0)

Jelaill digjgall dlaleall LA
pS SBinn huig (A Cry0,7 + 17> Cré* 41,
Séldiinll Aligialyl Jllaal

2(®)

3(®)

14 (¢)

5(0)
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(GligrialligH20g H' 2ac) St hug g Gjii Jljialg dawai Gualen JUjlg BUESTION

Balance more redox equations in acidic medium (H’, H,0 and electron counts)

Q15

(HzOg*H 2ac E) (.___srl\.n:najg E) (TableG-ExampIeS) 16 - 18 ya :ullhll ulis M

What you need to know — aa

l5lg — (spalll ¢lgilll aH agag pac aic) aalhnll H20 2ac 2 x = allclainll _a H 2ac :depw Gacld @
Gpall amal (NHa* gi HS03~ (Jin) Iagagn H jla
Quick check: H' = 2 x H,0 added when no other H is present; otherwise count the difference.
103~ = 12 (10e™ (Jal I2) . NO3~ = NHa* (8e~, 10H", 3H20) , NOs~ = NO (3e™, 4H", 2H20) :dngn ciiligai @
Key conversions: NO;~™ — NO (3e7), NO3~ - NH,* (8e7), 2105~ - 1, (10e7).
A adall aaljll LDJ| L5(_:JL|J.1__|_ gag (anill A aligrialdl aael efimnll wdclhall = dligyialdl ._,ILDJI )
Amalill aac
Total electrons = LCM of the two half-reaction electron numbers = total oxidation-number increase.
hda lmamaliaac pei sill @jall go il (Lio jglalls) awai Jelainll g dpein éja go fial agag aic @
Start from the atom whose o;(idation number actually changes. “

[ NO,” + 10H + 8e™ . NH,* + 3H,0 j [ NO,” + 4H + 3e™ ~ NO + 2H,0 j

Worked Example — Jglan Jlin 2

HS03™ + 103~ = S04*~ + 12:(8)ljgll) SAna huug LA Yjlg
Balance in acidic solution (MoE): HSO;™ + 105~ - S0,% + 1,
HSO;™ + H,0 - S0,2™ + 3H* + 2e™ :Oxidation

21053™ + 12H* + 10e™ = |, + 6H,0 :Reduction

1 (reduction) = 10 e~ exchanged x , (oxidation) 5 x

H,0 + H*Overall: 5SHSO;™ + 210;~ - 55S0,2" +1, + 3

J

YA

Worked Example — (Jglan JLin 2

Zn +NOs~ - Zn"" + NHa* ; 5Ana huug _a Jjlg
Balance in acidic solution: Zn + NO;~ - Zn?* + NH,*
Zn - Zn?* + 2e™ :Oxidation
NO3;™ + 10H* +8e™ = NH,* + 3H,0 :Reduction
1 (reduction) = 8 e~ exchanged x , (oxidation) 4 x

H,OOverall: 5Zn + NO3™ + 10H* = 4Zn2* + NH,* + 3
S J

Common Mistakes — deilil clhal A |

Jughll g JallHaac i hda dalnoll H quuai da awai ggidll o giagjam 1ag) HS0s~ o ©@
HSO;™ already contains H: count total H on each side.
Aaws 1l wni _a aeng Lgil pej (@)ljgl Jlio g 3H" Jio) alall daleall 2ilgi a H' jghi gi gany @
H' may end up on the.ioroduct side of the overall equa{ion. "
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Self-test - 5 multiple-choice questions - outcome Q15

o HSO,™ +10;™ - SO,2” +1,
When this reaction is balanced in acidic
solution, what is the coefficient of SO,27?

(n)6
(B) 5
(c) 4
@‘IO

For HSO;™ + 105 - SO,2” + 1, balanced in
acidic solution, which statement about H*
and H,0 is correct?

@ 3H* and TH,0 appear on the products side

3H* and 1H,0 appear on the reactants side
@ 14H* and 7H,0 appear on the products side
(p) No H* or H,0 is needed

a Zn + NO3™ - Zn?" + NH,*
When this reaction is balanced in acidic

solution, what is the coefficient of Zn?
@ 4
5
(c) 3
(o) 8

° How many electrons are gained in the
reduction half-reaction NO;~ — NH," in
acidic solution?

()8
()3
(c)5
@‘IO

e Cu + NO,;~ - Cu?* + NO
When this reaction is balanced in acidic
solution, what is the coefficient of Cu?

()3
() 4
(o2
(o) 6

e 0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

HSO;™ +105™ = S0,%" +1,
Lo shna huug LA Jelaill 13a gjg aic
taigjgall dlalenll _a S0,%” Jolen

HSO;™ +105™ = SO, + 1, Jelaill
gH* < jlic sl GAna hug LA ggjgall
fdaa1an H,0

2ilgill cayh 4 1H,0 g 3H* jghi (a)

allclainll cah (g 1H,0 g 3H* jghi

2ilgill caph _a 7H,0 g 14H* jghi (¢)

H,0 gl H* Jlaalb 1l (D)

10
5(®)
3
8 (0

8(»)
3(8)
5(©)
10@

Zn +NO;™ > Zn%* + NH,*

Lo shna huug LA Jelaill 13a gjg aic
tdigjgall dalenll LA Zn Jolen

JIfdul Jeldi wdni A cuniag Ligral] pa
fstana hiug ANO;™ - NH,*

Cu +NO;™ - Cu?" + NO
Lo (shna huug LA Jelaill Ra gjgaic
tdigjgnll dlalenll 4 Cu Jolen
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Saclall haugll a Jljiadig dawalill dalen Jjg dlgha j&al

State the steps of balancing a redox equation in basic medium

QUESTION

Q16

(‘._sn.cLﬁthmgjlalghj E) (TableG-PracticeZS) 16 -19 ya:udlhll ulia M

What you need to know — aqgjei

clo JIH' J§ai pi gAnall huugll L Ln digh gji cllal :OH” J1 épags H 22gi Il saclill huugll 4 @
In basic solution H is negligible; balance as in acid first, then convert H' to water. )
aia13gi sall @yhll g H + OH - H20 200 H' & 2ac sgluy OH ™ (o haac dhblenll (aph ] canl :dnlall ghall @
Jahll g jpainll eloll c@anl H «
Special step: add OH™ equal to the number of H' to BOTH sides; H + OH™ - H,0; cancel water“that appears on both
sides.

(MnO2z _JI Mn0Oa~ JIfial aic ailgill L_.,cl T.!.ILc') Jraihll i L_,cl OH_J.gb.'l'g allgill dalenll L_,cl H+J.gb.'|' U :dadill @
No H’ remains in the final equation; OH™ appears on one side.

Lgmai aiill — H aijlgal A1l caghll e OH g O dijlgnl H20 dalnli dpiilin (ranill Jjlg ;1 @
Alternative: balance each half directly with H,O and OH™; the result is identical.

H + OH - H,O0 (add equal OH  to both sides) )

&5

Figure —

Split into Balance Balance O Balance H Balance Add OH" Equalize e~

two atoms with with charge to cancel add &
(not O, H) H* with e~ H* = H.0 cancel

Acidic medium: use H-0 and H* only. Basic medium: balance as in acid, then add OH".

Check at the end: atoms of every element AND total charge are equal on both sides.

Worked Example — (Jglan Jlin 2 |

(&ljgll) MnOa~ + SOs*~ = Mn0z + S04*~ : Sacld huug LA Jelaill cani ddyyhy gjlg
Balance in basic solution: MnO,~ + SO32” — MnO, + SO,%
S0;%™ + Hy0 » 80,2 + 2H" + 2" ! MO, + 4H* + 3e” » MnO, + 2H,0 ; gAnall L a4 1)
x g2x:e” §gm3' 2)
3¢ 2MnO,” + 8H* + 35032 + 3H,0 -» 2MnO, + 4H,0 + 380,%™ + 6H* «
2MnO,~ + 3S0,%” + 2H* - 2Mn0O, + 3S0,%™ + H,0
:clnll (@21 291 2H* + 20H™ - 2H,0 « :(ayhall 20H Wil 3)

3S0,2” + 2MnO," + H,0 - 3S0,%™ + 2MnO, + 20H"
. J

Common Mistakes — deilii clhal A |

Jaghall laaladll way dinadill Jivi « hda aalg agh JI OH aaln] @
Add OH~ to both sides.
dhpu e allnlen « Jaleill 2o janll eloll @in lui @

Cancel water that appears on both sides.
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2aein Jo jLisl dluwl 5 — chuai pisl g
Self-test - 5 multiple-choice questions - outcome Q16

Which step is unique to balancing a redox
equation in BASIC solution?

@ Adding H* to the side that lacks hydrogen
Equalizing the number of electrons

@ Writing the half-reactions with oxidation
numbers

Adding OH~ to both sides to neutralize H* and
form water

When balancing in basic solution, 4H*
appear on the left side of a half-reaction.
How many OH™ must be added to each side?

@2
8
@’I
@4

Which species is absent from the final
balanced equation in basic solution?

(R) OH"
H,0
©H
@ MnO,

Why is it necessary to add OH™ to BOTH
sides of the equation?

@ To keep the equation balanced in atoms and
charge

To increase the number of electrons

@ Because OH™ is a spectator ion

@ To change the oxidation numbers

In which order are the main operations
performed when balancing in basic
solution?
Add OH™ to both sides - balance as in acid -
cancel water
Balance as in acid - cancel electrons - add H*
@ Balance as in acid — add OH~™ to both sides -
combine H* + OH™ to H,O - cancel water
@ Add H* first . add OH" last

0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

G4l dlalen (jg Lgs apaii aghs §i
fsaclill hugll LA Jljiadlg
Jgjugll andi sall whll Yl H* aala) (a)
ailigrialyll 2ac alglun
awslill alacl go Yelaill ani wlis (c)
clall (pgaig H dlaleal (rapnll JI OH™ aaln| @

A 4H* aygh Sacld hug _a gjgll aic
w2 OH™ p4 . Jelai wanil puill wghll
cwph Jal lgialal

dyilgill digjgall dlaleall LA pghi U ¢gi (Sl
?éa.ch':i hiug Up

sgrayhll Ll OH™ @ala] pjli lalnl - (@
dinudillg caljall gljil Lle akalaall (A)
aligraldl aac dalyjl

auiio ggil OH™ gl (¢)

awdlill alac il ()

Ojgll aic iyl aldaell 3aif wiyi st (@)

« Ganall A o4 gjig « Japall OH™ wani (a)
cloll waianl

wani « aligialdl waaal « sanall g lnb gjlg
H+

< (najhll OH™ wAl « ganall _a ln4 gjlg (©)
janll elnll @il Hy0 « (pgail H* + OH™ enal

il OH™ i « IigT H* Ll (b)

Inspire Chemistry - Redox & Electrochemistry



EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall dalo _a L:.,D._J_Jlﬁj“ pcall

,J.cLa.lJIm.mquh.!..__s:.clubmg,épdlﬁaulgnmbuluu:m Ujlg QUESTION
Balance redox equations in basic medium using half-reactions Q 1 7
(G.IJ.nLv.n E) (.é:.ch':’l Uig E) (PracticeZS-TabIeG) 16 -19 ya:udlhll ulia M

What you need to know — adjs

« jyanll clall @3al H20 « gga H « 212y iaphll OH Wl « sanall (4 lad gjlg uisill @
Ginnllg aljall go (§dai
Balance as acid, add OH™ equal to H’ to both sides, form water, cancel water, check.
Mn™ Juilg Mn02 (3e”) _JI lle MnOa~— Jjity (sacléll hungll g ®
MnO,"~ is usually reduced to MnO, in base (3 e7). ) "
23l g cloll jghy adg cillelainll gi Qilgill _a OH jghiadg . H' (sgiai Il :dyacld duilgill dlalenll ®
Japall

Final equation contains no H'.

glwin H g O ailj3 2acg iaphall (A glwin wlinill ¢gnao 3 G4aill ®
Check atoms and charge at the end.

Worked Example — Jglan Jlin 2 |

MnOa~ + SO3*~ = MnOz + SO4*~ : Sacld huug 4 Jjlg

Balance in basic solution: MnO,~ + SO32~ —. MnO, + SO,%"
S0,2™ + 20H™ - S0,%™ + H,0 + 2e™ :Oxidation
MnO,™ + 2H,0 + 3e™ » MnO, + 40H™ :Reduction
2 (reduction) = 6 e~ exchanged x , (oxidation) 3 x

OH™Overall: 350,2” + 2MnO,~ + H,0 -» 350,%™ + 2MnO, + 2
- J

Worked Example — Jglan Jlin 2 |

N20 + CIO" - NO2~ + CI : 5acld hug (@ (Qliall 25 cyyai) gjlg

Balance in basic solution (Practice 25): N,O + CIO~ - NO,™ + CI~
N,O + 60H™ = 2NO,™ + 3H,0 + 4e™ :Oxidation
CIO™ + H,0 + 2e™ - CI™ + 20H™ :Reduction

2 (reduction) = 4 e” exchanged x , (oxidation) 1 x

H,0 + Cl Overall: N,O + 2CIO™ + 20H™ - 2NO,™ + 2
A J

Common Mistakes — d=ilii clhai A

«Saclall hugll ailgill alalenll g H' ey @
No H" should remain.
hidaanlg waphl OH-/clall aalal @

\Add to both sides. )
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Self-test - 5 multiple-choice questions - outcome Q17

MnO,~ + SO;2” . MnO, + SO,2~
When this reaction is balanced in basic
solution, what is the coefficient of H,0?

When this reaction is balanced in basic
solution, what is the coefficient of CIO™?

©
O,
e N,O + CIO™ - NO, + CI-
®
®

When this reaction is balanced in basic
solution, what is the coefficient of I"?

©
O,
e I~ + MnO," — 1, + MnO,
®
®

When this reaction is balanced in basic
solution, what is the coefficient of H,0?

©
©
o HSO;™ +105™ - S0,2™ +1,
@ 4
. 5
3
8

When this reaction is balanced in basic
solution, what is the coefficient of Al?

©
®
e Al + H,0 - AI(OH),” +H,
®
®

0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Guwjan

Mn04_ + 8032_ - Mn02 + 8042_
Lo Sacld huug A Jeladll 3a gjg aic
tdigjgnll dhalenll LA H,0 Jolen

N,O +CIO™ = NO,™ + CI”
Lo saclé huug A Jelaill [aa gjg aic
tdigjgall dlalenll _A CIO™ Jolen

I~ + Mn04_ d |2 + Mn02
Lo Sacld bhung A Jelaill Aa gjg aic
tdigjgnll dlalenll _al” Jolen

HSOS_ + |03_ i 8042- + |2
Lo Sacld huug A Jelaill Aa gjg aic
tdigjgnll dhlenll A H,0 Jolen

Al + H,0 = AI(OH),~ +H,
Lo Sacld huug A Jelaill Aa gjg aic
tdigjgnll dlalenll _a Al Jolen

2(»)
3(8)
1©
4@

3(®)
1(®)
4(9)
2@

3(®)
1(®
2(©
4(0)
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Jijiall aggag diilgall Lidsll =1 gujall - 2 Gaagll

(dululnillg dyilgall) Lpclgiig driliniagygall dulall win

Describe an electrochemical cell and its two types (voltaic and electrolytic)

(E'g-ii 5) (qu:n wing E) (Fig.1-Fig. z) Q18

QUESTION

What you need to know — adjei ai Qliad Lo

Jiii Jljidlg 8awal Jelai Gub ge guasll gl dlygs Jl adliaall dalall Jgau jlgs diliaragygall aulall @
)b el pie aligrialdl awg

An electrochemical cell converts chemical energy to electrical energy or vice versa using a redox reaction with
electrons flowing through an external wire.

Jano o jui :aa il auall : (adlygs « allings) Lilygs Ui aily SILALT Jelai(@ilalall) dilgall auall @
(ailins « agilygs) LAl pe llclai ghyay gl
Voltaic: spontaneous reaction produces electricity. Electrolytic: external source drives ; non-spontaneous reac{ion.
(AN OX - RED CAT :4acld) JI1jidl (Cathode) = hignlig éw4l (Anode) = 12nnll busll Ja5 o0 @
In every cell the anode is where oxidation occurs and the cathode is where reduction occurs. )
hipnllg uagn ronnll :ynaoll alaill A9 ' (+) uagn hignlig (-) wllw 2onnll dlilgall A alhaill auhé @
{aytowl) bl ahally Jnin aill) cuil
Polarity: voltaic anode (-), cathode (+); electrolytic anode (+), cathode (-).

Electrolytic: AG > 0 - E°cell < O Voltaic: AG <0 - E°cell >0
Figure — _,a1nagill pauyll

Cell 2 - Electrolytic (voltage source) Cell 1- Voltaic (lamp)

e Voltage source e e e

— — — — () —
- A4
Zn Salt bridge Cu Zn Salt bridge Cu
anions - (to anode) anions - (to anode)
cations - (to cathode) cations - (to cathode)
1M Zn?* 1M Cu?* 1M Zn? 1M Cu?*
Cathode (-) - reduction Anode (+) - oxidation Anode (-) - oxidation Cathode (+) - reduction

non-spontaneous - electrical - chemical spontaneous - chemical - electrical

Worked Example — Jglan Jlin 2 |
Slagin J4 @ Zn duhd lng Séuilga logyl 293 janny spalg .alunng gllgngn Cu g Zn Ly Lgs dyls
Two Zn/Cu cells: one with a lamp, one with a voltage source. Which is voltaic, and what is the polarity of Zn in each?
(=) 22nnll ga Zn ()L il auldli) duilga alnall cila adall
Lol Janoll allull ahally Jnio il LD.I| (-) hugallga Zn auna (Swhce Jelai gapai:alai janoll alh adall

(+) 22nnll autnia Cu
S J

Common Mistakes — deilii clhai A

dilie Gawsi = 2enall lof aall ggi e 2nioi dunall dh3 «llw lafl) 22nall» ©

The anode is not always negative; only "anode = oxidation" is constant.
{(ay] &aile jannll aagall ahdll o) Lyl ellwll e higall I aennll go aligialdl Jaiii adyail adall g @
Electron flow in the external wire is still anode - cathode.
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Self-test - 5 multiple-choice questions - outcome Q18

Which statement is true for BOTH
voltaic and electrolytic cells?

@ The anode is the negative electrode
Oxidation occurs at the anode

@ The reaction is spontaneous

@ A voltage source is required

In an electrolytic cell, the cathode is
connected to which terminal of the
battery and what is its charge?

@ Negative terminal; the cathode is negative
Positive terminal; the cathode is positive
@ Negative terminal; the cathode is positive
@ Positive terminal; the cathode is negative

Which energy conversion takes place in
a voltaic cell?

@ Chemical energy - electrical energy
Electrical energy - chemical energy
@ Heat energy - electrical energy
@ Light energy — chemical energy

A cell contains Zn | Zn?* and Cu | Cu?*
half-cells joined by a salt bridge and a
voltage source. The reaction continues
until...

@ the voltage source is removed only

the strip that acts as the anode is used up
@ the salt bridge dries only

@ the cathode dissolves completely

Which pair correctly matches cell type,
spontaneity and E°cell?

@ Voltaic - non-spontaneous - E°cell > 0
Electrolytic - spontaneous - E°cell > 0
@ Voltaic - spontaneous - E°cell > 0

@ Electrolytic - spontaneous - E°cell < O

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

duilgall &ylall go Jal dagan é)lc sl
Saulilnillg

Wl uhdll ga aenall @

1onnll aic Aawm4ill uaa.l

LiLeli Jelaill @

g2 jano pjly (D)

dyylagll s b il sl 4 (@)
faiinil ng higoll Jniy

lw higall bl ahall (a)

wago hugall 'aagall uhall

wagn higall ‘bl ahall (©)

Wb hugall :aagall ahdll (o)

dulall L &y ddlhll Jgai s e
Sayilgall

éuilyps il  alns aalb (B)

alilini4 ddlh « aiilyg4 dadlh

ailygs adlo « aylp adlb ()

aufling4 adlh « dign ddlh (D)

Cu?*| Cu g Zn®* | Zn sgai duls °
joiu.aga janng dialo aphid)
. S1a Jelaill

1l sl ggahaa pnall gjij (a)

1enns Joe) sall hyphll aai

anlnll ayhidll caai @

s higall gy (b)

dilalillg ulall ggi il agj S
SE°cell ajLuuig

E°cell > 0 - auflali ji¢ - dilga (A)

E°cell > 0 - cuilali- dylylai

E°cell > 0 - cuflali - duilga @

E°cell < 0 - uiliili - aglilai (D)
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Gligaillg Gligrialul G4a alailg lgin J4 jgag drilgall aulall aligan 23a BUESTIoN
Identify the components of a voltaic cell, the role of each, and the direction of electron and ion flow

(‘enl_'_l.'l'l 5) (i:'l._l_J_"l.IIfJIng.n E) (Fig.1-Fig.2> Q19

What you need to know — adjei ,_'ji alihilo

Byhidg (aligialyl aa Jdiii) Jinga elbu | aylall lani Jnii ailigl Jglao (4)gnen sjla whd:dls Wni @
(aligilll lgra Jaiii) daln

Half-cell: metal in a solution of its ions; wire carries e~, salt bridge carries ions.

gai aligiilallg aenall gai aaii aligliilla (jlglanll ,t,fL!j.gb.ll Jaleill hanig aylall Jo4i:dalnll Gjhidll @

(@il paly) acpun Jelaill cadgi lgiga Jaigall
The salt bridge completes the circuit and keeps solutions neutral: anions — anode, cations - cathode. Without it
the cell stops.

(2ennll I higoll gn) lguwaea allhnil jLill Lol higoll Gl aenoll go cllwll _a Jaiif aligisldl @
Electrons flow anode - cathode in the wire; conventional current is opposite.
higoll aligil j14yig alajs 2enall aligii g (flall aile ungiy) alaji hugnll daliag (ugiy) Jdirennll dlia @

Anode loses mass, cathode gains mass; anode-solution concentration rises, cathode-solution concentration falls.

Zn—Cu,Iﬁ%IVic cell

e” e”
_ N\ —_—
D,
Zn Salt bridge Cu
anions — (to anode)
cations - (to cathode)
1M Zn?* 1M Cu?*
Anode (-) - oxidation Cathode (+) - reduction
Zn - Zn?* + 2e” Cu?* +2e™ ~ Cu

anions — anode - cations — cathode

Worked Example — (Jglan Jlin 2

sayhidll _a K’ alail Log Sgojll jgpn go Cu™ jiajilg ahd 4 alial ¢aay ko :Zn/Cu dyla A

In a Zn/Cu cell, what happens to the mass of each electrode and to [Cu?*]? Which way does K" move?
Alaji alilis « gulhhj ade awril (hign) Cu ! Jdi ailis « wugil (aenn) Zn
.Cu | Jjiaf aill yéy [Cu™]
angall ainddll pdi hgey (Cu) hugnll gai aai (gguils) K- )

-

Common Mistakes — deilii clhal A

.0jln login Jal:Jglanll _a Jdiii il aligrislllg elwll a Jaiif 1 cligedll o

Electrons never travel through the solution; ions never travel through the wire.
haa Jaleill haa layga (Jelaill _a ¢l Ug aligialill jlhno cuny danlall ajhidall o
The salt bridge does not supply electrons; it only maintains neutrality.
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What is the main function of the salt
bridge in a voltaic cell?

@ To carry electrons from anode to cathode
To supply metal ions to the cathode
@ To increase the voltage of the cell

To complete the circuit and maintain
electrical neutrality in both half-cells

In a Zn-Cu voltaic cell, in which direction

do anions move in the salt bridge?
@ Toward the copper half-cell (cathode)
Toward the zinc half-cell (anode)
@ They do not move
@ Through the external wire

What happens when the salt bridge is
replaced with a metal wire in a Zn-Cu
cell?

@ The voltage doubles
lons flow through the wire
@ Nothing changes

@ The reaction stops quickly because charge
builds up in each half-cell

Which change occurs while a Zn-Cu
voltaic cell operates?

@ The mass of the Zn electrode increases
[Zn?*] decreases
@ The mass of the Cu electrode increases
(p) [Cu*]increases

The direction of electron flow in the
external wire of a voltaic cell is from...

@ cathode to anode
anode to cathode

@ salt bridge to anode
@ cathode to salt bridge

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

danlnll ajhiall ﬁ._l_.mhuﬂlﬁ.d._l_ngILn a
*‘a.ng.aJIa.u:dlua

hugall Ul aenall go aligialll Jdi ()

jlall ciligily higall agji

alall aga éalj (¢)

A Lilgall Yaleill hasg ajilall Jlas| (D)

alail i I Cu-2n dyilgall auall g
Sdualnll dphidll (A Cliguill eljaii
(n1gall) gulaill @ls cani gai (a)
(aennll) (njlall dds ani gai
i ol ()

Gl ellwll fe @

dualoll aphidll Jladiwl aic ¢aag lalo e
SCu-Zn auls ._,a L5_|J.a <l

apall caclai @

cllull g aligiill Jadiii

Js A il palsl lenw Jelaill cadg ()

¢€Cu-Zn aiilgall

Jioylall ahd alia alaji @
Zn?* j1a)i Jey

uulaill uhd alia alaji @
Cu?* j4jialaj) @

ellull _a aligialyll 85 alail gga e
(0 aiilgall adall q)lall

cathode to anode @

hignll Jl aenall
salt bridge to anode @
cathode to salt bridge @
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Jijiall aggag diilgall Lidsll =1 gujall - 2 Gaagll

ung.quanJIEp:.v.nnJIgb.!.g.nJIncd.chJl?a.ngbl BUESTION
Write the half-reactions occurring at the cathode and anode of a voltaic cell Q 2 0
(o smmat g =) (722)

What you need to know — ade’ i aliag

hugallaic Jjiaj sall ga Lledll E° ga gaudlig awslilg aenall ga (E° J4lll) huiiilll jlall @
The metal with the lower E° is the anode (oxidized); the ion with the higher E° is reduced at the cathode.
dlalenll _lc Jgnall aliggallll L51_;|L1_u."fp.'i' ‘N™ + me™ - N:(hugall) JIfiadl : M- M"™ + n e :(aennll) dawa il dalen @
adall
Anode: M - M™ + ne-; cathode: N™ + me~ -, N; equalize electrons for the overall reaction.
iligriall 3Mg + 2A1T « 6 :ailiggialdl alglunl apai (Mg / Al Jin) clinaill caliti loaic @
Different charges require multiplying so that electrons cancel (e.g. 3Mg + 2AI%*, 6 e7).
Jugn = jla aile wuupis ! aenn = (@ilis Jdi) ahdll galis:alhailoll go Juaindl @

Electrode that corrodes = anode; electrode on which metal deposits = cathode.

Figure — _,auagill pu

Mg-Ag voltaic cell

e’ e
e o\ —_—
. O
Mg Salt bridge Ag
anions - (to anode)
cations - (to cathode)
1M Mg?* 1M Ag*
Anode (-) - oxidation Cathode (+) - reduction
Mg - Mg?* + 2e” Ag*+e” - Ag

Worked Example — Jglan Jlin 2

Llall Jelaillg Jelaill ani aisl.aennll ga Mn la 13] :Mn g Fe Lgia dlilga ails
In a voltaic cell of Mn and Fe where Mn is the anode, write both half-reactions and the overall reaction.

Mn - Mn?* + 2e™:aenn
Fe?* + 2" - Fe:hign
Mn + Fe?* - Mn?* + Fe : 4

-

|

Worked Example — Jglan Jlin 2 |
0gjgall LJall Jelaill isl daran Mg/Al™ aila
Write the balanced overall reaction for an Mg/AI®* cell with Mg as anode.
3:3Mg - 3Mg?* + 6e™x 12nn
2: 2AR* + 6™ - 2Alx hign
3Mg + 2AI1¥* - 3Mg?* + 2Al : 4

-~

Common Mistakes — deiliii clhal A |

(12nn = Jaill) E° anid ga juenll :iha g4l dinill (s aenoll jlisl o

Anode is chosen by lower E°, not by charge.

aligrialll sghuil dlalenl aaclan gl gl hall agall e e alis o

Remember to equalize electrons.
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Self-test - 5 multiple-choice questions - outcome Q20

In a voltaic cell made from Mn | Mn?*
and Fe | Fe?*, which half-reaction
occurs at the cathode?

(n) Fe?* + 2e” . Fe
Mn - Mn2?* + 2e~
(c) Fe - Fe?* + 2e”
(®) Mn** + 2e” — Mn

Which equation is the balanced overall
reaction of the voltaic cell Mn-Fe?

@ Mn + Fe?* -, Mn?* + Fe
Mn2* + Fe - Mn + Fe?*
@ Mn + Fe — Mn?* + Fe?*
@ 2Mn + Fe?* _. 2Mn?* + Fe

e In a cell, the zinc electrode loses mass
and a silver electrode gains mass. What
is the half-reaction at the silver
electrode?

@AgaAg++e‘

Zn?* + 2e” - Zn

(©) Zn - Zn?* + 2¢
@)Ag+ +e - Ag

How many electrons are transferred in
the balanced reaction 3Mg + 2AI** _. 3
Mg?* + 2Al1?

()2

3

(c)6

(0)5

Which species is oxidized in the cell Mg
| Mg** || Ag* | Ag ?

(&) Mg

Ag’

(©) Mg**

© Ag
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| Fe g Mn?* | Mn (o duilga &ua _a
Shugall aic daay Jelai wni siFe?*
Fe2* +2e” > Fe @
Mn - Mn?* + 2e-
Fe - Fe?* +2¢” (¢)
Mn?* + 2e” - Mn (D)

ggjgall Llall Jelaill La dlalen s °
SFe-Mn dvilgall duall

Mn + Fe2* - Mn?* + Fe @
Mn2* + Fe -» Mn + Fe?*
Mn + Fe -» Mn?* + Fe** (¢)
2Mn + Fe?* » 2Mn** + Fe (D)

alis Jajlall uhd add) aus e
tanall uhdaaic Jcelaill

Ag—>Ag++e‘@

Zn2++2e‘—>Zn

Zn - Zn?* + 2e” @
Ag*+e - Ag @

Jgjgall Jelaill _a Jaiii ligrial] p&
¢ 3Mg + 2AI%* - 3Mg?* + 2Al

2(8)

3(®)

6(c)

5(0)

I Mg?* | Mg dulall L amsliy ggi i e
SAg|Ag*

Mg @

Ag*

M92+ @

Ag @
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1Jgall pasiwig (E°) Swlidll JIjiddl agag JIjiddl aga Wje QUESTION

Define reduction potential and standard reduction potential (E°) and use Table 1

("E E) (dljiiulmgg E) (Table 1) Q21

What you need to know — aqjei ai alihiln

W I dpailly V algall 4 gulag £ (Jfia] o) aligialyl aluwisy ilogs ¢gi Jin ga Jifiadiaga @
Swbdll jiagjaugll
Reduction potential measures the tendency of a species to gain electrons, in volts relative to the SHE.
Liljlell 1atm hen . 1 M j4a)i, 25 °C:aunbdll cagpall aic Jljiddl aga ga E° (swbdll Jljiddl aga @
E° is the reduction potential under standard conditions: 25 °C, 1M, 1 atm. “
Jdil gla lnlag awhgn Joles sgdl Jjianll ggilla (duaga fial) bl E° gla ks i gaall delyd @
Jfian Joleb sgal jlalla (Eullu fai)

Higher E° - stronger oxidizing agent (left species). Lower E° - stronger reducing agent (right species).
0.34V+ Ay Cu”'/Cu J (E° cillnlenll A ui 1la.odm ainlh E° :dhalenll e E° poil Il @
(2Cu™ + e - 2Cu lisia gl (sin

E° is an intensive property: do NOT multiply by coefficients.

Standard reduction potentials E° (V) 4 stronger oxidizing agent (the ion is more easily reduced)
F2/F~ +2.8660

Au®**/Au @ +1.4980
Pt>*/Pt +1.1800
Ag*/Ag @ +0.7996

Cu®**/Cu @ +0.3419

H*/H2 0.0000

Zn**[Zn -0.7618

Na*/Na -2.7100
Li*/Li -3.0401
¥ stronger reducing agent (the metal is more easily oxidized)

Worked Example — Jglan (Jlin 2

.Hawmadn Jolges lgigd wuna liaclniNa' g Cu” gZn” gAg’ uij
Rank Ag’, Zn?*, Cu?* and Na’ from weakest to strongest oxidizing agent.

E°:Na' (-2.71) < Zn** (-0.76) < Cu** (+0.34) < Ag* (+0.80)

+Zn** < Cu** <Ag>Na’
N J

Common Mistakes — deilii clhal A

JIfial 982 La Jgaall o pudll gina sl agga Lhey 1Jganll gi jlicl @
The table lists reductions only.

{giLih In) alalenll aijign aic culnlenll A E° @

KNever multiply E° by coefficients.

J
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Which species is the strongest
oxidizing agent?

@ Cu?*
Aud
@ 712+
@ Na*

e Which metal is the strongest reducing
agent?

@Zn
Na
@Cu
oL

What are the standard conditions for
measuring E°?

@ 25 °C, 1 M solutions, 1 atm gases

0 °C, 1 M solutions, 1atm gases

@ 25 °C, 0.1 M solutions, 1atm gases

@ 100 °C, 1 M solutions, 2 atm gases

The half-reaction Cu?* + 2e~ _. Cu has
E° = +0.34 V. What is E° for 2Cu?* +
4e” _, 2Cu?

@ +0.68 V
+0.34 V
@ +0.17 V
(p) -0.34V

e Which couple has the highest
tendency to be reduced?

(&) Pb?*/Pb (-0.13 V)
Ni2*/Ni (-0.26 V)
@ Ag*/Ag (+0.80 V)
(D) Fe?*/Fe (-0.45 V)

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Jole sgél ga aullill glgidll i a
Sauwadn

Cu?* (®)

Au3+

Zn2+ @

Na* @

Jole sgél ga aulill aljlall si Q
sJfian

Zn @

Na

Cu @

Ag @

SE° yuldl duuliéll wagyhll Lo
1atm aljleg 1 M Julang 25 °Cg
Tatmuljleg 1M Julhng 0 °C
Tatm uljleg 0.1 M Julang 25 °C (¢)
2 atm uiljlég 1 M Julang 100 °C @

dnill Swldll JIjiadl aga
JE° Lna.0.34 V+ ga Cu?* +2e" - Cu
€2Cu?* + e~ > 2Cu

+0.68V @
+0.34 'V
+0.17 V @
-0.34V @

sJIfial Jun pal al auLill plgjill (si
Pb2*/Pb (-0.13 V)

Ni2*/Ni (-0.26 V)

Ag*/Ag (+0.80 V) @
Fe2*/Fe (-0.45 V) @
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22)05 anladiwlg (SHE) Swlidll J1agjaigll uhd wn ST 0N

Describe the standard hydrogen electrode (SHE) and its use as a reference

(SHE ;) (Fig.s-Fig. 6) Q2 2

What you need to know — agjei ._'ji Qliailn

Utagjaupll hi La dieayn dilh wdniy alingl) guldd ellal jaio il daniagy guld gan) U @
Glaidl Ipan 0apa picl sall (Swbidll
A single half-cell cannot be measured alone, so it is connected to the SHE whose potential is de"fined“as zero.
:Jelaill 1 25 °Caic H2 1 honyatm jlé adc jnig 1M H+dg.l_'m AJgnen Jobb itk ahd:ailighn @
2H +2e"=H: E°=0.000V
Pt electrode, 1M H*, H, at 1 atm, 25 °C: 2H + 2e” = H,, E° = 0.000 V.
lhigo g4y Zn gng .(H2 - 2H") lagnn (jga) Cu go ; hldnll canill cuua aenns gi higns SHE Jooy @
(2H" - H2)
The SHE acts as anode or cathode depending on its partner.
Junilgall Aclpd- = allfial agaa laenn Jlalalg: Lh.l.g.n b I3l Jilanll canill E° = finilgall dcljd @
Voltmeter reading = E° of the partner if it is the cathode.

Figure — ,a1agill pull

O,

H: gas, 1atm +0.34V
Salt bridge

[e]
o

Pt electrode (fhert)

1M H*(aq) - 25 °C 1M Cu?*
2H* + 2e” = H. E° = 0.000 V Culcu?*

Worked Example — Jglan Jlin 2

SSHE jga lng $Zn”"/Zn JE° Lo .aenall ga Zn Jlag 0.76 V ¢spd Zn”" | Zn auls canii SHE Jungi aic
A Zn half-cell connected to the SHE reads 0.76 V with Zn as the anode. What is E°(Zn2*/Zn) and what is the role
of SHE?

E°cell = E°cathode - E°anode « 0.76 = 0.00 - E°(Zn2'/2n)
(2H" + 2™ - H2) hugall ga SHE ! 0.76 V- E°(Zn""/Zn) =
J

-

Common Mistakes — =il clhaf A

Jilinll canill 3211 0jga [lugn [nfla ggay SHE i alaicl @
SHE is not always the cathode.
(i pH=0 ) 1M & H Ll annball cagall gl gl @
H* must be 1 M. " "
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What is the standard reduction potential of
the standard hydrogen electrode?

() 0.000 V
+1.00 V
@ -1.00V
@ +0.34 V

° Which set of conditions describes the
SHE?

@ Pt electrode, 1M H*, H, at 1atm, 25 °C
Zn electrode, 1M H*, H, at 1 atm, 25 °C
@ Pt electrode, 0.1 M H*, H, at 2 atm, 25 °C
@ Cu electrode, 1M H*, no gas, 25 °C

In a cell composed of the SHE and a Cu |
Cu?* half-cell (E° = +0.34 V), what is the

role of the SHE?

@ Cathode, where H* is reduced

Salt bridge
@ It plays no role
@ Anode, where H, is oxidized

o The SHE is connected to a Zn | Zn?* half-
cell. The measured E°cell is 0.76 V. What is
E° of Zn%*/Zn?

@ +0.76 V
-0.76 V
(c) 0.00V

(p) -1.52V

Why is the potential of the SHE assigned as
exactly zero?

It is an arbitrary reference point against which
other half-cells are compared

Hydrogen does not gain electrons
@ Platinum has zero potential
@ It is measured to be exactly zero

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

J1ag)upll uhdl Sswhdll JIjiadl aga Lo a
S Swlill

0.000 V @

+1.00V

-1.00V @

+0.34V @

Jiagjaipll uhd Wni Wgph dcgnan sl e
S swbidll

Jj_c1atmb_¢_|'gJ_H2jLég1Mj1_i1qu+gPtqbﬁ®
25 °C

‘Iatmbszb_gszLCg‘le-_l_ﬁqu*an@
25 °Caic

2 atm hon H, jleg 0.1 M jtafi H g Pt uha @
25 °C aic

25 °Caic jlé jga1 ij_hfﬂH*gCuqbﬁ@

| Cu duls wanig SHE go dus a
$SHE jga Lo Cu?* (E° = +0.34 V)
H* naic Jjiai hign @
aljga 1l @

H, oaic aw4litaenn @

guLiig Zn?* | Zn dyld daniy SHE Jng
€Zn2*/Zn JE° Ln .E°cell =0.76 V

+0.76 V @
-0.76 V

0.00 V @
-1.52V @

laga Swlill Jtagjapll whé Lhej lalal e
than sgluy
LAl dani dijlénl buhnl apisl deaye dhai (A)
lgt sl
ailigsiall cuwiay 1 gagjaugll gl
yan 0aga il gil (<)
ljan 22ga yud aill (D)
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Jijiall aggag diilgall Lidsll =1 gujall - 2 Gaagll

- mm - Lg um - w - - LN - o
Jelaill auldly aang auubiall JIjadl agga go E°cell cunl QUESTION
Calculate E°cell from standard reduction potentials and decide spontaneity Q 2 3
(CI.I.ILCI.LIJl E) <E°cell =E°cat-E°an E) (Example 1-Table 3)

What you need to know — adqjei ai aliad

ga a4 agyhl J1.e0ai pf ldunn aenoll aga éjli] guaei U — 1) Jgaall go JIjidl 2ga lnalls) E°cell = E°cathode - E°anode @
E°cell = E°cathode - E°anode, both taken as reduction potentials.
.aulalill LJ“‘LM (4) « g)bl (3) « 22nnllga Jalllg higallga E° el (2) « Jlfiadl S22 uial (1) :walghall @
Steps: write both E®, higher = cathode, subtract, judge sign.
gl yugaen Jelail diguanll dnidllg : E°cell < 0 « (aulilai il aliag) L,JLCJ.lJﬁ_c tE°cell > 0 « (auilga aun) ._,JLCL[J :@lalill @
Awalenll Lol
E°cell > 0 spontaneous; < 0 non-spontaneous; reversing a reaction flips the sign.
0.1 cualell dtilgall LUl agga) ardhin dadalhall dnéll Jag S«ugay hailll jlall» aacld e halag Qilill &y gani glbwall ao) @
S(4V-

Check the result is reasonable.

Figure — _,auagill puu

ANODE (oxidation) CATHODE (reduction)
Zn%*|Zn Cu?*/Cu
@ @
-0.7618 V +0.3419V
>

E°cell = E°cathode - E°anode = +0.3419 - (-0.7618) = +1.1037 V

Worked Example — Jglan Jlin 2 |
1) Jlin) &yilalill 83ag Cu lghigag Zn laxenn sill sl E°cell quual
Calculate E°cell for the cell with Zn anode and Cu cathode and decide spontaneity (Example 1).
Zn (Aawmal) aenall , Cu?* i(JIfial) higall
1.104 V+ E°cell = E°cathode - E°anode = +0.3419 - (-0.7618) =
LAl Jelai E°cell >0 «

-~

J

Worked Example — Jglan Jlin 2

SCu+2Zn~ = Cu’ +Zn:Jelaill Lilali ¢y Ja
Is Cu + Zn?* _, Cu?* + Zn spontaneous?

Cu”'/Cu (+0.3419) nenn, Zn"'/Zn (-0.7618) :hign
1.1037 V- E°cell = -0.7618 - 0.3419 =
GAlAL pté (b

- J

Common Mistakes — d=iLii clhal A

(euilga auls ) hugall ga E° (el dijlanll nfla fal i figiic Jd bugall jliist @

Higher E° is the cathode in a voltaic cell.
«ulnlenll 4 E° wpn gl lagag o Dy (rinydll gny @

Subtract, never add; do not multiply by coefficients.

e 0502500589 - pilluull aic anan /aalac)] - clionSll pund — Jjoll dwjan Inspire Chemistry - Redox & Electrochemistry



@ EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - clinall dalo (g aladll peall

5-1 aliwill ® Jaein Jo jLisl aluwl 5 — chnai pisl
Self-test - 5 multiple-choice questions - outcome Q23

What is E°cell for the voltaic cell with
Co as anode (E° = -0.28 V) and Pt as
cathode (E° = +1.18 V)?

(a) +0.90 V
-1.46 V
(c) +1.46 V
@ -0.90 V

a E° (Pb2*/Pb) = -0.13 V and E° (Hg2*/Hg)
= +0.85 V. What is E°cell for the cell
with Pb as anode?

(a)+0.72V
-0.98 V
@ +0.85V
@ +0.98 V

e Which reaction is spontaneous under
standard conditions?

@ Zn + Cu?* . Zn?* + Cu
Cu + Zn?* _ Cu?* + Zn
@Ag+Na+ ~ Ag* + Na
@ Au + Mg?* - Au®* + Mg

a E°cell = +0.46 V for a reaction. What is
E°cell for the reverse reaction, and is it
spontaneous?

@ +0.46 V, spontaneous
-0.46 V, spontaneous
@ +0.92 V, spontaneous

-0.46 V, non-spontaneous

In which cell is the voltage the
greatest?

@ Zn and Cu half-cells
Zn and Fe half-cells
@ Cu and Ag half-cells
(p) Li and F; half-cells
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laaenn dyilgd dual E°cell Lo 0
Lghigng Co (E° = -0.28 V)
SPt(E° =+1.18 V)

+0.90 V @

-1.46 V

+146 V (©)

-0.90V @

gE° (Pb2*/Pb) = -0.13 V
daulall E°cell Lo .E° (Hg?*/Hg) = +0.85 V
tPb laxenn sill

+0.72 V @

gyl Lt LiLLT dyllill culelaill i e
Savulidll
Zn + Cu?* - Zn?* + Cu (A)
Cu +Zn?* - Cu?* +Zn
Ag +Na* - Ag* + Na @
Au + Mg?* > Au®* + Mg (D)

E°cell Lo .ln Jclail E°cell = +0.46 V
f,ildli ga Jag swaell Jelaill
Lildlig 0.46 V+ (a)
Lildlig 0.46 V-
ildlig 0.92 V+ @
Ll 1¢g 0.46 V- @

Sl agall ggay s i
Zn and Cu half-cells

Zn and Fe half-cells

Cu and Ag half-cells @
Li and F; half-cells (D)

Inspire Chemistry - Redox & Electrochemistry
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diilgall ausll aulsll dlalenllg GUAIN jLopi qisl

Write the cell notation and the overall cell equation of a voltaic cell

(ii._l_.lb.ll dlalenll E) (CI.IJJ."]'LDJ-I E) (Fig.S-ExampIe 1) Q24

QUESTION

What you need to know — ade’ i alind

dynidll Jing || agajnllg .ugh (u Jola 23 | yanll hall — hugall | ugall ggil || 2ennll ggif | 2ennll @Al o) @
anloll
Notation: anode | anode ion || cathode ion | cathode. Single bar = phase boundary; double bar = salt bridge.
Zn | Zn?* || Cu?* | Cu:Jlin .lafly groul Lle (hugoll) JIfiadlg jlul Lle (aennll) dawsill wisi @
Oxidation on the left, reduction on the right.
.ayall abhlenll _a aligrialyl jghi I — (lgadng) aliggialil alghun ao) Jljiallg dawmaill ani ¢gnan = uall dalenll @
Overall = sum of ha;lves with electrons cancelled. )
Aol ellull g oy e jluy) aligalyl olil cligill kugall aenall pblo i alall o go @
Electrons flow left — righ'E in the wire. “

Figure — _,a1Agill g

ANODE (-) CATHODE (+)
2+ 2+
electrode solution (ion) salt bridge solution (ion) electrode
phase boundary phase boundary
oxidation occurs here reduction occurs here

Worked Example — Jglan Jlin 2

.E°cell g alall dlalenllg auall oy aial :Pt(E° = +1.18 V) g Sn (E° = -0.1375 V) (Jn dua
Cell of Sn (-0.1375 V) and Pt (+1.18 V): write notation, overall equation and E°cell.
hignE° « _JcIPt” 'aennE° « Jal Sn
Sn | Sn?* || Pt?* | Pt auall joyi
Sn +Pt?* - Sn?* + Pt :_JAll
1.3175 V+ E°cell = 1.18 - (-0.1375) =

-

Worked Example — Jglan Jlin 2

.Mn Laxenn Fe g Mn (jno dusl L=,L5.II Jelaillg adall o) aial
Write the notation of a Mn/Fe cell with Mn as anode.

Mn | Mn?* || Fe?* | Fe :culall jinyi
Mn + Fe?* - Mn?* + Fe :_Jall

Common Mistakes — deiliii clhal A |

1aila jluy daws 1l 4l higall) gugaen cuif aljlallg aligil élia o
Oxidation always on the left.

Jilglaall gy agniall Jy gjla gu Lola gl || agajall hall @

|| is the salt bridge.
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Which cell notation is correct for a
voltaic cell with Sn anode and Pt
cathode?

(A) Pt| Pt** || sn** | sn
Sn?* | sn || Pt | Pt2*
(c) sn|Pt** || sn?* | Pt
(©) Sn|sn?* || Pt?* | Pt

What is the overall equation for the cell
Sn|sn?*|| Pt?* | Pt?

@ Sn?* + Pt - Sn + Pt?*

Sn + Pt?* _, Sn?* + Pt

(c) Sn +Pt - Sn** + Pt**

(D) 2Sn + Pt?* - 2Sn*" + Pt

e In the notation Zn | Zn?* || Cu?* | Cu,
what does the double vertical line
represent?

(&) A phase boundary

The voltmeter

@ The salt bridge

@ The direction of the current

What is E°cell for Sn | Sn?* || Pt?* | Pt
(E° of Sn?*/Sn = -0.1375 V; Pt?*/Pt =
+118 V)?

@ +1.0425 V
-1.3175 V
@ +0.6575 V
@ +1.3175 V

e From the notation Mn | Mn?* || Fe?* | Fe,
which statement is correct?

@ Fe is oxidized

Mn?2* is reduced

@ Electrons flow through the wire from Mn to
Fe

@ Electrons flow from Fe to Mn

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

duilga &l aan atr jogi st (@)
¢Ptlghigng Sn laxenn

Pt | Pt2* || Sn2* | Sn (a)

Sn?*|Sn || Pt| Pt?*

Sn|Pt?* || Sn?* | Pt ()

Sn|Sn2* || Pt?* | Pt (D)

[| Sn?* | Sn @aulall aulall alalenll Lo
< Pt| Pt?*

Sn2* + Pt -» Sn + Pt2* @

Sn + Pt2* - Sn2* + Pt

Sn +Pt— Sn** + Pt** (¢)

2Sn + Pt2* - 2Sn2* + Pt @

Cu| Cu?* || Zn?* | Zn &ylall oy e
fagajoll swiyl hall Jin) llo
gugb g iaa (a)

Juill olail ()

lal Pt | Pt2* || Sn?* | Sn &ulall E°cell Lo °
g Sn2*/Sn=-0.1375V1E° gla
¢Pt>*/Pt=+1.18V

+1.0425 V @

-1.3175V

+0.6575 V @

+1.3175v@

Fe | Fe?* || Mn?* | Mn &uall jiopi o
faan gjuc Sl
Fe mbLu@
Mn?2* LJJ'D_I
Fe JI Mn (o ellull g ailigrial gl el @
Mn _J| Fe (o wligrialyll ¢ljaii (o)
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c - . - - - Lg =n gun - £ - - - um - o - W
(cloadi g (g4ad) auldlillg ulhdlllg auall Jelaiagaail E°cell (Gih BES T 0N
Apply E°cell to identify the cell reaction, the electrodes and spontaneity (Check Your Progress) Q 2 5
(aj”a.'l' E) (G.Ijl.ﬂ.l.lﬂ E) (E°ce|l E) (Check Your Progress)

What you need to know — aqjei ,Ji alind

gl E°cathode = E°cell + E°anode A1l canill agaa (ranill ani agagE°cell Uh.cl hl @
.E°anode = E°cathode - E°cell
Given E°cell and one half-cell, find the other with E°cell = E°cathode - E°anode.
2270 ALl E°cell « wunnl « JIjial lngil 131 « (ani | aija ;ugian Jelad aildli o Gaaill @
Split into halves, compute, read the sign.

(paell ¢ang lg cu” Jiy (Zn LilaliE® el jlall Ug..lj Jiu E° Jalll jlall :bLiill aua aljlall ayiyi @
A metal reduces the ion of any metal with higher E°.

Jaudll E° ga Jal ulnll jlall E° gla 1al héa Jelai ¢nag pal jla gail Jalan + jla ;Jclaill quiill @
A reaction occurs only if E° of the solid metal is lower than E° of the ion in solution.

Figure — _,auAgill puu

ANODE (oxidation) CATHODE (reduction)
Na*/Na Pt2*/Pt
@ @
-2.7100V +1.1800 V
>

E°cell = E°cathode - E°anode = +1.1800 - (-2.7100) = +3.8900 V

Worked Example — Jglan Jlin 2

a1l wnill Lo (higo) Pt /Pt = +1.18 V lgiani 231 1gag 3.89 V+ = éulal E°cell
E°cell = +3.89 V and the cathode is Pt2*/Pt (+1.18 V). Which couple is the anode?
Na'/Na 2gjll E° |am « 2.71V- E°anode = 1.18 - 3.89 =

“ Worked Example — Jglan Jlin 2 |

Pt (+1.18 V) ciligiig Fe (E° Fe™'/Fe = -0.037 V) Ju E°cell g _ilélill Jclaill wial

Fe3*/Fe = -0.037 V and Pt?*/Pt = +1.18 V: write the spontaneous reaction and E°cell. )
Fe | Fe®* || Pt?* | Pt « 2onn (E° Jdl) Fe
2Fe + 3Pt?* —» 2Fe3* + 3Pt :_Jall

ildli < 1.217 V+ E°cell = 1.18 - (-0.037) =
\ - J

Common Mistakes — deilii clhai A

(2Fe g0 (3Pt™ uiligriallll L dijlgin ji¢ aulnleny fall Jelaill ajlis @

Remember 2Fe + 3Pt%* for 6 e™.

J9820 1937 (e ¢yl aic ayh Jayaennll E° gna @

Subtract the anode potential.
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E°cell = +1.46 V with Pt2*/Pt (+1.18 V) as
the cathode. What is E° of the anode
couple?

@ +0.28 V
-2.64V
@ -0.28V
@ +2.64 V

Which couple is the anode when
combined with Pt?*/Pt to give E°cell =
+3.89V?

@ M92+/Mg
Li*/Li
@ Na*/Na
@ AIR*/Al

In which case does a spontaneous
reaction occur?

@ Cu strip placed in ZnSO 4(aq)
Ag strip placed in CuSO,(aq)
@ Zn strip placed in CuSOy(aq)
@ Au strip placed in AgNO3(aq)

Which is the balanced spontaneous
reaction between Fe (E° of Fe3*/Fe =
-0.037 V) and Pt%* ions?

@ Fe + Pt?* _ Fe?* + Pt
2Fe + 3Pt?* _. 2Fe®* + 3Pt
(c) 3Fe + 2Pt?* _, 3Fe?* + 2Pt
® Fe3* + Pt - Fe + Pt?*

e Hg?* + 2Cu* — Hg + 2Cu2* has E°(Hg?*/Hg
) = +0.851V and E°(Cu?*/Cu*) = +0.153 V.
What is E°cell?

@ +1.004 V
+0.698 V

@ -0.698 V

@ +0.544 V

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

lphigng E°cell = +1.46 V

Saennll agjl E° Lo .Pt2*/Pt (+1.18 V)
+0.28V @
—2.64V
~0.28V @

+2.64'V @

g0 ailfidl aic aennll §gay agj s a
SE°cell = +3.89 V clacy Pt?*/Pt

Mg?*/Mg (a)

Li*/Li

Na*/Na @

AR*/AI (®

SALALT Jelai dnay élla §i A
ZnS0O, Jglan _a Cu hyjin
CuSO, Jglano _a Ag hyyti
CuSO, Jglan 4 Zn hyjid (¢)

AgNO; Jglao ¢ Au hypih (D)
ggjgall Lildlill Jelaill La dlalen si
aligaig (Fe3*/Fe = -0.037 V d Fe (E° (Ju

< Pt2*

Fe + Pt** > Fe® + Pt (a)
2Fe + 3Pt?* - 2Fe3* + 3Pt
3Fe + 2Pt?* - 3Fe?* + 2Pt @

Fe3* + Pt - Fe + Pt?* ()

Jelaill
Hg?* + 2Cu* -» Hg + 2Cu?* : E° (Hg?*/Hg
)=+0.851V

SE°cell Ln .E° (Cu?*/Cu*) = +0.153 V g

+1.004 V @
+0.698 V
-0.698 V @
+0.544 @
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u'l'l'l'h'l'l“.. = I Iu'l'h'ln.. - Ig -u'I'IJ-..“ g'ﬂJI -u'l'hj-.. - IU'.':!UJLE QUESTION
Compare voltaic cells and electrolytic cells
(o (o) D | N

What you need to know — adjei i aliailo :

higollaic Jlfiallg aenallaic dawaill lnpiils A9 Jlfialg A4l Jelai e glanion glidsll @
Al e hugall Gl aenall go aligialdl Jdiiig
Both rely on redox; oxidation at the anode, reduction at the cathode; electrons flow anode - cathode.
e Jelai dlay ddlygs dalh ellgimi ldadll : ildli Jelai go diliygs ddlh qiii dyrilgall aUall @
" Lilali
Voltaic produces electricity; electrolytic consumes it.
Aailall ¢gi ddpen aer | aijlnb renall e JUaimdl (jany 4 @l €gi Llc auhdll anici @
Polarity depends on cell type.
(HALalill Jelaill awslen auhdig E°cell 4o ol aga janal alinall Jaiwl @il alilga als Jigail @

To make a voltaic cell electrolytic, apply an external voltage larger than E°cell opposite to the spontaneous
direction.

J
I p
Electrolytic cell Voltaic cell Property
Electrical = chemical Chemical — electrical Energy change
Non-spontaneous (E°cell < 0) Spontaneous (E°cell > 0) Reaction
Oxidation, positive (+) Oxidation, negative (-) Anode
Reduction, negative (-) Reduction, positive (+) Cathode
Required (battery / power supply) None (a load: lamp) External source
Often one container, no bridge Needed (two separate cells) Salt bridge
S =/

/ Worked Example — Jglan JLin 2 \‘

Sduilgall audall dijldn poiy sall Io 3V aga janni dlninll Zn/Cu dula _a
What changes when a Zn/Cu cell is connected to a 3 V source instead of a lamp?

. ILALT e Swae Jelai e alailll guaeig 1a1 (3 V) janall 11,10 Ve = Lilatil Jelaill E°cell
Cu+Zn?*->Cu?*+2Zn

(-) lugn Zn g (+) Iaeno Cu ainy
J

Common Mistakes — &=ilLii clhai A |

Ayl daliall il g glagago Laga r«Jlfidlg dauml il duyiaill awlall ) Joal @
Electrolytic cells still have redox.
Aulylai (-)g duilga (+) giegill La hugnll auhé gy hiall @

Cathode is + in voltaic, - in electrolytic.
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° Which statement correctly
differentiates an electrolytic cell from a
voltaic cell?

Oxidation occurs at the cathode in an
electrolytic cell

An electrolytic cell uses an external source
to drive a non-spontaneous reaction
@ An electrolytic cell has E°cell > 0

@ Electrons flow from cathode to anode in
the wire of an electrolytic cell

The anode of an electrolytic cell is...
gnegative and oxidation occurs there
positive and reduction occurs there
@ positive and oxidation occurs there
@ negative and reduction occurs there

e Which feature is common to both cell
types?

@ They are spontaneous

They need a voltage source

@ Reduction takes place at the cathode

@ The cathode is positive

° A cell has a lamp that lights. Which
description is correct?

@ Electrolytic; the reaction is spontaneous
Voltaic; the reaction is non-spontaneous

@ Electrolytic; the reaction is non-
spontaneous

@ Voltaic; the reaction is spontaneous

e In which cell does electrical energy get
converted into chemical energy?

@ Voltaic cell

Dry cell only

@ Electrolytic cell
@ Both cell types

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

ge aylylaitl aytall jnidjue st (@)

MMIQGQQMIMéMHIdm'®

dmmmylpjbﬁmmuﬂpmu'
LAl e

E°cell > 0 dylilill (©)

A 2enall J] higall go aligrialdl diaii (p)
ellil|

~uhill ga daaill aulall aenn
AawAill oaic ¢anig g.lJLu.LIIg
JIFal oaic ¢aaig uagall
dawS 1l oaic ¢aaig wagall (€)
JIfidul oaic ¢anig wllwll (D)

SLuall Legi Ju dayidin dan sl
) Lilali lnais
1pg2 jann gling lnails
higall aic Jljaul daay (c)
logia wago bugall (D)

wing si.alnn Lga e ghy dyl °
faan

gmﬂ'¢M|:m4m'@

gjmﬂ'n;dgmm:@_mgﬂ

Ll e Jelaill :allai (c)

LT,J‘LEI_U'LJ_CLC'I.'I'Jlfd._I_.'I'Jg_d@

adlygall adlall Joaiiams si s (@
Sauilinga I

\oltaic cell @

Dry cell only

Electrolytic cell @ |
Both cell types (D) |
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Uajlj J.BJ_ G.I.Ib.l.l .UJI'ﬂ'IJ -’Jlj.ljlg nm'd‘mu‘-‘b‘ Ub.ﬂ.l- - Lﬂ.lb-__ jl.l.l.ﬂ- QUESTION
Explain how a spontaneous redox reaction can be reversed by an external voltage source Q 2 7

(asms: =) (7e0)

What you need to know — adyei Ji aliai Lo |

282 1.10 V gn pal g jano pjl aw4el (E°cell = +1.10 V) ilali Zn + Cu?* —» Zn?* + Cu Jclaill @
ualenll alaidl _a aligiialdl
To reverse a spontaneous reaction, apply a voltage greater than E°cell. "
(Cu - Cu?* + 2¢7) lawnn Cu a1nig (Zn?* + 2e” - Zn) janall wllwll uhéll ilnin g Zn a0y @
Zn becomes the cathode and Cu the anode.
6alng llnin janall pla 1o jninyg dldaill A9 ‘aonnll Aalo alaiaic wadgiy diilgall adall A Jelaill @
.Opagin aonanll
The reaction continues until the anode is used up.
62127 adliais alga dygn (A giaf aliill alall 4 duaiaall ddlhall @

The energy supplied is stored as chemical energy of the products.

J/

Figure — auagill puyll & |

Reversing the Zn-Cu reaction
e Voltage source e
— — —
= + J
Zn Salt bridge Cu
anions - (to anode)
cations - (to cathode)
1M Zn2* 1M Cu?*
Cathode (-) - reduction Anode (+) - oxidation
Zn?* + 2e” _ Zn Cu - Cu®* +2e”

voltage source >1.10 V )
. J

Worked Example — (Jglan JLlin 2

2V aga jannl dlninll Zn/Cu adall A Gall Jelaillg Jelaill  ani aial

Write the half-reactions and the overall reaction of the Zn/Cu cell connected to a 2 V source.
Zn?* + 2e" > Zn:(- .(Znhipn
Cu - Cu?* + 2™ :(+.(Cu12nn

(E°cell=-1.10V) Zn?*+Cu-Zn+Cu?* : ]4
o -

Common Mistakes — d=ilii clhal A

(UJL(:LIJJI J.QJJ_ | ULc i) 1) LJ.CL(fI.TJ| guael 11.10V Jo d_ﬁli apajann pl:;LLu.l' il o
A source below 1.10 V cannot reverse the reaction.
abgall agall aynd guair alhail Jungi @

Polarity must oppose the spontaneous direction. P
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To reverse the reaction Zn + Cu?* . Zn%*

+ Cu (E°cell = +1.10 V), the external
voltage must be...

@ less than 1.10 V in the opposite direction

greater than 110 V and in the opposite
direction

@ greater than 110 V in the same direction
@ exactly zero

° In the reversed Zn-Cu cell, which half-
reaction occurs at the zinc electrode?

@ Zn - Zn%* + 2e”
Cu?* +2e” - Cu
@ Cu - Cu?* + 2e-
(@ Zn%* + 2e” - Zn

o In the reversed Zn-Cu cell, the copper
electrodeiis...

@ the anode connected to the positive terminal

the cathode connected to the negative
terminal

the anode connected to the negative
terminal

@ neutral

A strip of Zn is placed in a solution with
Cu?* and connected to a voltage source.
The reaction continues until...

@ the zinc dissolves

the voltmeter is disconnected only

@ E°cell becomes positive

@ the copper strip used as anode is used up

Which value of E°cell describes the
reversed reaction?

@ +110 V
-110 vV
@ +2.20V
@ 0.00V

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Jeldill yubel
Zn + Cu?* -» Zn?* + Cu (E°cell = +1.10 V)

Al agall ggay of
gusleall olaill 110V go Jdél (a)
pualenll alidl g 1.10 V o pal
awai olaidl g 1.10 V o pal @

ljan (b)

wini sl dwgaenll Cu-Zn dua g a
SUpjlall uhd aic daag Jelay

Zn - Zn?* +2e” (a)
Cu?*+2e > Cu
Cu~ Cu?*+2e (c)
Zn%* + 2e" > Zn @

Qhd Jgay dwgaenll Cu-Zn da g e
wgaladll

wagall uhdll Jninll aenall @

bl ahdlly Jninll higall

bl ahdlly Jninll aenoll @

lalein @

janaygnin Cu** Jgha A Znbysin @)
gtoyall ugay (a)

haa finilgall gjij

Lingn E°cell awny @

12nn4 Jney sall gulaill by aaiy (p)

Suugaenll Jelaill ni E°cell dnié §i
+1.10V
-1.10V

+2.20V @ |
0.00V (D) |
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(Hgla &ua NaCl - jgginn) dpgnioll drigslll Alihpall Lilipgall Juaill pid s o
Explain the electrolysis of molten ionic compounds (molten NaCl, Downs cell) Q 2 8
(e =) (omonis =) (7o)

What you need to know — adyei i aliailo ©

Sl glgil lgen gualiii 1 ellal (clo 1) hda a9l 4 CF g Na'™ aligil 1agijggnall g @
Molten NaCl contains only Na“ and CI ions; no water competes.
:82u04]1 (+) a2noll (gahy Jilull pgiagnll jla) Na* + e” - Na() ;JIfial (-) bigoll @
2CI™ = Cl,(g) + 2e”
Cathode: Na" + e~ — Na; anode: 2CI" — Cl, + 2e".
(0 4l laga glinia E°cell = —2.71 - 1.36 = -4.07 V g. 2NaCl() - 2Na() + Cl,(g) :dulall dalenll ®
L.07V
Overall: 2NaCl - 2Na + Cl,; E°cell = -4.07 V.

clnoy jlall (e jlall Jnaig (600 °C gai I 801 °C (o) jlgnill aaja (aasl Callz walhj @
CaCl, is added to lower the melting point.

J/

Figure — Laungill pudl &

Voltage source

- + Graphite anode (+)

Na(l) collected

Clx(g) >

<—I—>

molten NaCl (= 801 °C)

Iron cathodle

Cathode (reduction): Na* + e~ - Na
Anode (oxidation): 2CI~ - Cl> + 2e~

Worked Example — (Jglan Jlin 2 |

iLdli ¢ ga 1alnl (jig NaCl jggno Juail sphill E°cell wunnl
Calculate the theoretical E°cell for molten NaCl and show why it is non-spontaneous.

Cl2/Cl- = +1.358 V:aenn ! Na'/Na = -2.71 V :hipn

o iali pé « b « 4.07 V- E°cell=-2.71-1.358 =
& " J

Common Mistakes — deili clhal A

(JFiaf aligglall) lafly bhagall aic g4l pgiagall aenall aic jgai Na alis @
Na forms at the cathode.
2CI" - Cl2 + 2e™:jlif e5j2 Clz f luni @

Cl, is diatomic.
J
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What is formed at the cathode when
molten NaCl is electrolyzed?

@ Chlorine gas

Hydrogen gas

@ Sodium metal
@ Oxygen gas

Which half-reaction occurs at the
anode in the electrolysis of molten
NacCl?

@ Na* + e~ - Na

2H,0 - O, + 4H* + 4e”
(c) 2CI” — Cl, + 2e”

(D) Cl, + 2e™ ~ 2CI°

e What is the overall reaction for
electrolysis of molten NaCl?

@ 2NaCl() - Na,()) + Cly(g)

NaCl() — Na* + CI

@ 2NacCl() + 2H,0() - H, + Cl, + 2NaOH
@ 2NaCl() - 2Na() + Cl,(g)

Why can H,0 not interfere in the
electrolysis of molten NaCl?

@ There is no water; only Na* and CI~ are
present

Water is oxidized more easily than CI”
@ Water is a spectator
@ NaCl() is a molecular compound

e E°cell for the electrolysis of molten
NaCl is approximately...

@ +4.07 V
-1.35V
(c) -4.07V
@ -2.71V

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

Julaill  higaoll aic 2ilill Lo °
tNaCl jggnnl Lilygall

jolaljlé (&)

Jgjupll jle

pgiagall jla (c)

grawailjle ()

A aenoll aic dan Jeldi wni s G
© SNaCljggnnl ilygall Julaill

Na*+e > Na @

2H,0 - 0, + 4H* + 4e~

2CI" - Cl, + 2e” @

Cl, +2e” - 2CI” ()

2NaCl() = Na,() + Cl,(g)
NaCl() - Na* + CI-
2NaCl() + 2H,0() = H, + Cl, + 2NaOH ()
2NaCl() - 2Na() + Cly(g) @

tNaCl jggnn Julail Jall Jelaill Lo g

J9g00 Julai 4 clall Jaiy U l3lal °
¢NaCl

CI- g Na* ciligsf 11 aagi 1 ‘cln 22gy 4 ()
CI- g Jpuwl awaliy clall

audio clall ()

Suj2 w90 NacClo (o)

NaCl jgpgnan Julail E°cell gyl e

+4.07 V @
-135V
407V (c)
-2.71V @ |
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(Gaidgpialyl) dplyaill Luall :3 gujall - 2 Gaagll

(clalig NaCl Jglan) dyilall Julanll ilgall Julaill 3ilgi gégi T o
Predict the products of electrolysis of aqueous ionic compounds (aqueous NaCl and water) Q 2 9
Con =) (oo =) ()

What you need to know — agjei UI aliailo ‘

,J.g.u.li 2H20 + 2™ > Hz2 + 20H (-0.83 V) JIclll E° g3 cgill Jjiai higall aic .aligaill go cloll gudliiy uJLDJI Joholl 5 @
HzaclnijNa (-2.71V) « (o
Water (-0.83 V) is reduced instead of Na' (-2.71V).
clall w4l Ja jal4) janll Jalanll _a ¢aay 2C1F - Clz + 2e” :aennll aic ()
At the anode CI is oxidized in concentrated brine. "
NaOH (Jglang.aenanllaic Clz jl¢ . hignll aic Hz jl¢ :2ilgill : 2NaCl + 2H20 - Hz + Clz + 2NaOH : _lall @
Overall: 2NaCl + 2H,0 - H, + Cl, + 2NaOH. )
19nn, 2H20 + 2e” = Hz + 20H " hign ;Lill Jungil (Na250a gi (H2504 Culgrial] aala eloll JuUai @
aennllaic 02qg hignll aic Hz aclniig 2H20 = 02 + 4H + 4e™ « 2H20 - 2H2 + 02
Water electrolysis: H, at the cathode, O, at the anode.

Figure — A uAgill pupll & A

Cathode (-) Anode (+)
—
0 (1 vol)
diaphragm / membrane

H=(2vol Overall:
Cathode: Y - e Ch Anode: Ha(g) Cla(g)
2H.0 + 2¢” e e, 2H.0 - 0.
- Hz + 20H" e +4H* + de”

Na* + OH™ CI~,Na*
dilute H-S0. / Na-S0.

[ . ] Cathode (-): reduction Anode (+): oxidation
() 2H-0 + 2e” - H: + 20H™ 2CI" ~ Clz + 2e”
l_+J Products: H- (cathode) - Cl. (anode) - NaOH(aq) in solution

Worked Example — Jglan Jlin 2
Jajnll NaCl Jglan Julail k=7Iix_ll Jelaillg Jelaill UCLIQ.I uial
Write both half-reactions and the overall reaction for concentrated NaCl(aq).
2H,0 +2e” - H, + 20H™ :hign
2CI" = Cl, + 2e” :aonn

2NaCl+ 2H,0 > H, + Cly + 2NaOH : 5 |

Worked Example — Jglan Jlin 2

¢Na’ 4ili) 1l 15lnlg Saenall aic jloll Lng hugall aic Jilill jlell Lo Na250a 3gags clall Julaiaic
In the electrolysis of water containing Na,SO,, which gas forms at each electrode, and why is Na+ not reduced?

(elall Aam4l) 02 :aenn ., (clall JIfial) H2 :higo
Na’'(-2.71V) JE° yn _Ici (0.83 V-) clall E° (il Jjiai 1 Na®

Common Mistakes — deiliii clhal A

gl Jiai elnll ilall Jglanll aNa' +e” - Na ailis @

Do not reduce Na’ in aqueous solution.

(NaOH Lacla Jglaall Jgaiy) hugall aic OH ggai gluwi @

OH forms at the cathode.
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What is formed at the cathode in the
electrolysis of aqueous NaCl?

@ Sodium metal

Chlorine gas
@ Oxygen gas
@ Hydrogen gas and OH"~

a Why is Na™ not reduced in aqueous
NaCl solution?

@ Na* is a gas

Water is reduced more easily (higher E°)

@ Cl- prevents it

@ Na* is oxidized instead

What is the overall equation for
electrolysis of aqueous NaCl?

@ 2NaCl - 2Na + Cl,

2H,0 - 2H, + O,

(c) 2NaCl + 2H,0 — H, + Cl, + 2NaOH
@ NaCl + H,0 - Na + HCI + O,

° In the electrolysis of water containing
Na,SO,, which gas is collected at the
cathode?

(®) 0,
H,
© ¢l
(0) SO,

e Which half-reaction occurs at the
anode in the electrolysis of water?

@ 2H,0 - O, + 4H* + 4e”
2H,0 + 2e” - H, + 20H"
(c) 2CI” — Cl, + 2e”

@ Na* + e~ - Na
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Julaill LA bhugall aic 2ilill Lo °
$NaCl Jglanl iligall

pgiagalljla (a)

jolallji¢

Jrunaill jle @

OH" ulligilg Jagjugll jlé (D)

NaCl Jglan _a Na* Jjiai 1 1alnl a
" s ilall

jle Na* @

(el (E° Jgul Jjiad elall

ella giny CI” (¢)

ella yo Iy Na* awsli ()

fNaCl Jglan Julail dulall dalenll Lo

2NaCl - 2Na + Clzg

2H,0 - 2H, + O,

2NaCl + 2H,0 —~ H, + Cl, + 2NaOH (¢)
NaCl + H,0 - Na + HCl + O, (D)

jlll Ln Na,SO, 3gags clall Julai 4 °
Shigall aic gnainll

0, @

H,

Cl, (¢)

SO, (p)

i 2enall aic daay Jelai wni s e
Sclall Juai

2H,0 - 0, + 4H* + e™ (A)

2H,0 +2e™ = Hy + 20H"

2CI">Cly+2e” (¢)

Na++e‘—>Na@ |
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(Gaidgpialyl) dplyaill Luall :3 gujall - 2 Gaagll

Jelalll lanig Gulgpialiig ulhalll :ilbpgall cidhll van BUESTION
Describe electroplating: electrodes, electrolyte and half-reactions Q 3 0
Compre =) (re0)

What you need to know — adyei i aLiai Lo :

S0 jla go adud) ddihg pua lgia LAl Lilygs Juai dilac ilygall cihll @

Electroplating coats an object with a thin layer of another metal by electrolysis.
clhll jla v.'.'llig._l_i S Jglan = Qudgpialil, (+) aenall = cilhll fla ., (-) bhugoll = ogilh alpall punll @
Object = cathode; plating metal = anode; electrolyte contains ions of the plating metal.
Luydi culi Ag” jajig alaji puall dliqg Jdi aennll alia Ag* +e” - Ag « higng Ag —» Ag* + e” 2enn:dndll Jlin @
Silver plating: Ag dissolves at the anode and deposits on the object.
S92 U Jglan (a0 alian Jin) ellhll jla aligil sgay U Jglanll gl gf aylagl Jungi guac ;Jadill _a gilis Lha
(Cu”

Typical diagram faults: reversed battery, or electrolyte lacking the plating metal ion.

Figure — _,21agill pull &

i

|

i

Ag spoon k
anode (+) cathode (-) :
i

i

i

i

|

i

Ag* - |

—_— |

i

i

electrolyte: Ag* + NOS‘ ;

i

i

|

i

Anode: Ag - Ag* +e” Cathode: Ag* +e” - Ag !
idation - the anode di ion - coating its (mass 1) :

s Worked Example — Jglan dLLn PR

Jelaill sanig culgrialilig hignlig aenall 332 :guhailli 232l go alian cilil
To copper-plate an iron key: identify anode, cathode, electrolyte and half-reactions.

Cu « Cu - Cu?* + 2e” dohd :(+) 22nn
Cu?* +2e > Cu« 21ll alian (-) hugo
(Cu™ (sga1) CUSO,4(aq) :culgrialyl

< )

Worked Example — Jglan Jlin 2

Spuwall alial g lalog Sadgrialdl o @il pg._l_.LngJi cllh

Gold plating an aluminium sheet: what is the electrolyte and what happens to the mass of the sheet?

(Au): Au - Au* + 3e” 2onn ! (Al): Au®* + 3e” > Au hugn t Au* (sgay Jglan :culgpial]
Alaji puall dlia
J

Common Mistakes — d@eili clhal A

Jignll ygay of w — (wgay) enn oguh alall punll Joo @

The object is the cathode.

cilhll jla aligyf sginy 4 culggial] plaiiwl @

The electrolyte must contain ions of the plating metal.
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In silver plating of a spoon, what aic dany llo dhdll ddeln cilh (4
happens at the anode? faeonnll
(n) Silver is oxidized: Ag - Ag* + e~ Ag - Ag* + e~ anadll amalii @
Silver ions are reduced aall e

@ The spoon is oxidized

(p) Oxygen is reduced

sl 3l (2)

In electroplating, the object to be plated alpoll puuall Jiagi Libpgall cidhll 4

is connected as... ..adngi agilh
() the cathode, connected to the negative bl (bl Jninll higall (&)
terminal N wagall uhilly Jaiall I
the anode, connected to the positive ) ]
terminal wagnll ahdlly Jninll higall @
(c) the cathode, connected to the positive anlall hiall (D)
terminal

@ the salt bridge

Which electrolyte is suitable for plating alidan cilhl cunlin Gylgriall Sl
an iron key with copper? Sygulaill ,5:.|:n
(A) CuSO,(aq) CuSO,(aq) (A)

FeSO,(aq) FeSO,faq)
(¢) NaCl(aq) NaCl(aq) (¢)

(D) ZnSO,(aq) ZnSO,(aq @
° During gold plating of an aluminium uaill pg._l_.i.ngJi dasan cilh cliii °
sheet, the mass of the sheet... ..aaanll alia jgai
() decreases as Al is oxidized Al aawa il Jai @
stays constant Sl
@ increases as Au®* is reduced AuB* It alaji @
@ decreases as Au is oxidized Au Eawal At @
e A diagram shows an iron key as Jdlan A hignaaalianihihano
cathode in a Na,SO, solution connected <laall Lo U'-":U aenn Jnin Na,SO,
to a copper anode. What is wrong? Ll | Il g UT ™ @
@ The cathode must be copper . N
lhign aaall alnyg Al
Iron cannot be a cathode 2% oy ..
e Cu?* wiligil (sgu 1 culgrialdl (¢) |
@ The electrolyte does not contain Cu?* ions o | @ -
mmle )

@ Nothing is wrong
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Concept questions - understanding-level items for Advanced students

A student claims: "Oxidation and reduction can
occur separately."” Which statement best evaluates
this claim?

True; electrons can be lost without any species gaining
them

e False; electrons lost by one species must be gained by
another, so the processes occur together

@ True; reduction needs no electron source
@ False; only oxidation requires electrons

Why does the oxidation number of a species
increase when it is oxidized?

@ It gains electrons and becomes more negative
lts number of protons increases

@ It loses electrons, so its apparent charge becomes
more positive

@ lts mass increases

In which reaction does the same element act as
both oxidized and reduced species
(disproportionation)?

@ Zn + Cu®* _ Zn?* + Cu

Cl, + 20H™ - CI” + CIO™ + H,0

@ 2Mg + O, —» 2MgO

@ H, + Cl, - 2HCI

Which statement about the reducing agent is
correct?

@ It accepts electrons and is reduced
It donates electrons and is reduced
@ Its oxidation number is unchanged
@ It donates electrons and its oxidation number increases

e In H,0,, the oxidation number of oxygen is -1.
Which statement is correct about H,0, in the
reaction H,0, - H,0 + O, (2H,0, - 2H,0 + 0,)?

(&) H,0, is only oxidized

H,0, is both oxidized and reduced
@ H,0, is only reduced

() No redox occurs

Mn?2*

MnO,

(©) MnO,™ (Mn in +7)

@Mn

Which species can act only as an oxidizing agent?
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— puuaillg aldyyeillg pralanll dliwi @)

JIfiadlg daws il i gf gan il ey 0
Sgai Lj.n.ul wle cleadl pididjlc ,5I «(ilndin
£gi lguuity i yga wligrialyl 168 gan) fann (A)
13l ggi lguuity ggi lmaaey sill aligrialyl fhs
linjllin glilnelld
aligiialyll ijnnn gliag 1 Jljisdl :ann (o)
aligriall lini héaa awsil dha (p)

Saiawai aic ggil awalill aac alajy 13lal
allu jiaT aunia aligrial] cuwia) il

alajy aligigpl aac il

auago fisl dyalall aiind aunia aligiial] ada ai
2laji ailia

I:r\

CEECEQ

=

p:n.c)dpmga.m.mmmJl:.:.ubLu Lj.chutslt_.p e

Y (W ITT] i)
Zn + Cu?* - Zn?* + Cu @
Cl, + 20H™ > CI~ + CIO™ + H,0
2Mg + 0, » 2MgO @
H, + Cl, - 2HCI (D)

sJfianll Jolell gc daan éjuc si - (@A
Jiiaig aligrial] Judiwy (a)

Jiiaig aligrial] ainy

nawalinac i 1l @

0awAlinac alajig ailiggiall aing @

ajlc ,éi - sglut Hy0, A Jrauwaill awaliaac
§2H,0, = 2H,0 + O, Jclaill LA daan

haa Hy0, amaliy ®

lon Jjiaig Hy0, 1wl

haa H,0, Jjial (¢)

Jljialg damAl ¢nay 1l (D)

Joles U] Joey o gaoy o &ullill glgilll si G
fau4gn
Mn?* (&)
MnO,

MnO,” (Mnin +7) (c)

Mn (D)
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0 Why is Na* not reduced when aqueous NaCl is
electrolyzed?

@ Na* cannot gain electrons in any medium
CI~ prevents the reduction

@ Water has a higher reduction potential (-0.83 V)
than Na* (-2.71V)

@ Water is oxidized at the cathode

o Which statement explains why E° values are not
multiplied by coefficients?

E° is the potential per electron transferred and does
not depend on amount of substance

Coefficients change the number of electrons only
(c) E° depends on mass
@ E° is always one volt

o Which condition is NOT part of the standard
conditions for E°?

(A) Temperature of 25 °C

Gas pressure of 1atm

@ lon concentration of 1M

@ Solutions of 0.1 M

@ Two half-cells have E° = +0.80 V and E° = -0.76
V. Which statement is correct?

(R) The -0.76 V half-cell is the cathode

Both are cathodes

(c) E°cell = -0.04 V

@ The -0.76 V half-cell is the anode in a voltaic cell

° What happens to E°cell if a voltaic cell reaction
is written in reverse?

@ Its value doubles

It remains the same

@ It becomes zero

@ Its sign changes

@ Why can a voltaic cell stop working even though
the metals are not used up?

@ Electrons cannot flow in metals

The anode becomes positive in the wire

@ lons move through the wire

The salt bridge is removed, so charge builds up in
the half-cells

@ 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Guwjan

cnga pisl — junaillg dlaspeillg p.LaI.a.n.IIaJLui

Concept questions - understanding-level items for Advanced students
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Jolanl L,ilygall Julaill aic Na* Jjiaj U lalal
S ilall NaCl
huug (i A aligriall Na* cuuit il (R)
JIfadl ging CI-
Na* (-2.71V) o _Lci (0.83 V-) clall JIjial aga ©
hignll aic clnll aw4liy @

SCulnlenll (4 E° pud uph pac pudidjuc i (@
Aalnll dn4 le aniol U A3 anlh E° o

ofic c i g haa aliggialill 2ac jioi alloleall
Al e 20l E° ()

Lnfla cilga anlg Sgluy E° @

SE° J dpuldll cgyhll gnaeju by si - (@@
25 °Cajljp dajn o
1atm jlell hon

1 M aligiill oy @
0.1 M j1a5is Julao @

Bjlic 5i.0.76 V- g 0.80 V+ Lnalaga duls lani @
hignll ga 0.76 V- ga éauall cani @

higo lnalls

E°cell = -0.04 V @

tilgall aall g aenall ga 0.76 V- ga aall wni @

dulall Jeldi @lis aic E°cell J ¢iaay 1aln 0
s swaell alaill i dyilgall
lgijlit] yuaeii (D)

elilgiml pac pé)dyilgall dulall Adgiiad 15lnl @
scljlall

ailjlall g aligrialyl eaii I (&)

dhuj@jhggnmaum,

ellull g ciligyIh Jaiiii (C)

dulall ani g ainihll paljiia aplall dhidll gji (D)
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Concept questions - understanding-level items for Advanced students
Which observation indicates that the Cu fauall hign ga Cu uhd ,_'ﬁ ulc Jaidaalln .5i
electrode is the cathode of a cell? . ( Jai
() Its mass decreases aule yulill ol ailfa slaji

Its mass increases as copper deposits on it

alga Cu?* jiajialaj
@ The solution around it becomes more concentrated 93 ] ﬁbp ) H @
in Cu?* Jolanll _a aligriall glhy @

@ It releases electrons into solution

@ Which statement describes the role of the SHE J4i al E° jlay alungi aic SHE jga wani djlic .5i @
when connected to a metal with E° < 0? pdn go
(&) Itis the anode: H, — 2H" + 2e” H, - 2H* + 2e” nenn @
It is the salt bridge il eyt
| . . h -
(c) ftis neither ell3 1lg 1aa 1 (C)

(D) Itis the cathode: 2H* + 2¢” — H,
2H* + 2e” » H, :hugn @

Why is an inert Pt electrode used in the SHE? SSHE _a Joli Pt uhd padiwillal
Pt is oxidized to Pt?* Pt2* )l awAliy Pt il
Pt supplies H* ions H* cilighy Jglaall aoy Pt gl
@ Pt lowers the potential to zero janll I agall ghas Pt Uﬂ @
It conducts electrons and provides a surface for the e + - - . )
H,/H* reaction without reacting ulgga Ha/H™ Jelall 58 uhgﬁb"iﬁ' @

e A voltaic cell uses Al | A** and Cu | Cu2*. Which dcgnan si.Cu?* | Cug AP* | Al gn dyilga dula @

combination is correct? fdalnn
@ Anode: Al; cathode: Cu; e~ flow from Al to Cu Cu JI Al yo aligfalil ¢ljaiig Cu lhignllg Al aenall @
Anode: Cu; cathode: Al; e~ flow from Cu to Al Al _JI Cu (o ailiggialyl eljaiig Al higallg Cu aenall

@ Anode: Al; cathode: Cu; e~ flow from Cu to Al

Al ] Cu (o uligfialdl ¢ljaiig Cu hipnlig Al aenall
@ Anode: Cu; cathode: Al; e~ flow from Al to Cu Sl Cugo aligialllichalg 2l @

Cu _JI Al (o aligrialyl eljaiig Al higallg Cu aenall @

a Which energy change takes place in Silpgall cilhll (g dang ddlall Jgai 6i
electroplating? ) ) anilinny « a.uh;g'_-:
@ Electrical energy — chemical energy o o
auilygs « ddilings

Chemical energy - electrical energy
(c) Heat - electrical energy
(o) Chemical energy - light

adlygs < aylp (o)
aiign « it (D)

Why is the object to be plated connected to the bl ahdll ogidbh alpall puall Jngy lhlal G
negative terminal of the source? Sjannll
(&) So the object is oxidized punll awaliy @

To make it dissolve Ligal

So metal ions are reduced and deposited on it 7
© P aule i jlal alig Jfiail (©)
culgrialyll i bl (p)

@ To increase the electrolyte concentration
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@ In the electrolysis of molten NaCl, why is the
cathode product a liquid metal and not a gas?

(A) CI is reduced to Cl,

Water is reduced

(c) Na* is oxidized

@ Na* is reduced to Na, which is a liquid at the cell
temperature

@ In electrolysis of water, why is a small amount of
electrolyte (such as H,S0,) added?

@ Pure water has very few ions, so conductivity is too
low

The electrolyte is oxidized instead of water

@ To produce more oxygen than hydrogen

@ To lower the E° of water

@ Which species is reduced at the cathode in the
electrolysis of aqueous NaCl?

@ Na*
H,O0
@ (o]
® Cl,

Which statement explains why the cathode of
an electrolytic cell is negative?

@ It is connected to the negative terminal of the
source, which pushes electrons onto it

It loses electrons spontaneously
@ Oxidation occurs there
@ It is connected to the positive terminal

@ Cu + 2Ag* - Cu?* + 2Ag has E°cell = +0.46 V.
Which statement is correct?

@ Ag is a stronger reducing agent than Cu

The reaction is hon-spontaneous

@ Cu is a stronger reducing agent than Ag

® Cu?* is reduced

@ Which change in oxidation number represents
reduction?

@ Mn: +7 - +2

Fe:+2a+3
@s:—zﬁo
(o) Cr:0 - +3
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Concept questions - understanding-level items for Advanced students

ja hugall 2ili I3lal NaCl jggno Julai 4 @
sljLe gulg Jilw

Cl, JICI” yiiai (&)

clall Jfag

Na* 2wAaliy ©

alall &)l a9y aic Jilw gag Na I Na* Jjial (p)

00 dj1en &0 Wlaf ol clall Jylai @
S(H,50, Jin) culgriall
aillngo ggaia 1o alla aligil awa aill clall (A)
daen
clall Jay culgrialyl aualiy
ggiugll go il grwsl liy (©)
cloll E° (aanl @

Na*

H,0
cr (o)
cl, (o)

$NaCl Jglan Julai i bugall aic Jjisi ggi s 8

SliLw dglylaill G131l hugo gga pwai élc i

aligrialll gaay salljanall albull ahdlly Jnio aifl 8
ay

Lilali aligialyl ada) aill

oaic ¢ai dawaill gl @

wagall uhally Jnio aill (D)

dnid Cu + 2Ag* - Cu?* + 2Ag Jclaill @
fdasan gjlc sl .E°cell = +0.46 \'

Cu ya sgdl Jjian Jolc Ag (a)

Lildli e Jelaill

Ag yo sgdl Jjian Jole Cu (C)

Ccu?* Jjiaj @

Mn: +7 - +2

Fe:+2 - +3
s:-2—>o@
Cr:0-+3 ®

sllljial Jing auslill aac (A pei s
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Concept questions - understanding-level items for Advanced students

In balancing a half-reaction in acid, why are H*
ions added?
@ To balance oxygen atoms

To balance hydrogen atoms after adding H,0 to
balance oxygen

(c) To balance electrons directly
@ To change oxidation numbers

Which statement is correct about the final
balanced equation of a redox reaction?
@ Electrons appear on the product side
Only atoms are balanced

@ Electrons do not appear, and both atoms and charge
are balanced

(D) Charge does not need to balance

Which cell has E°cell > 0 under standard
conditions?

® hg | Age || z0* | 2n
Cu | cu?* || Mg?* | Mg
(c) Au| Au*" || Na* [ Na
(®) zn| zn*" || Ag* | Ag

When Zn is placed in CuSO,(aq), why does the blue
color fade?

Cu?* ions are reduced to copper metal and removed
from solution

Zn?* forms a colorless complex with water

@ Cu is oxidized

(p) SO, is reduced

@ Which statement distinguishes oxidation number
from ionic charge?
@ They are always identical in every compound
Oxidation numbers cannot be negative
@ Oxidation number is a bookkeeping value that can be
assigned to atoms in covalent compounds
@ Only ions have oxidation numbers

«® What is electrolysis?

o Using a spontaneous redox reaction to produce
electrical energy

Dissolving an ionic compound in water

() Heating a compound until it decomposes without
electricity

Using electrical energy to drive a non-spontaneous
chemical (redox) reaction

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Guwjan

WlAi llal Ao hug L Jelad dni gjg aic
SH* ailigyi
crawaill aljh dijlgal @
JawAalll aijlgnl H,0 aaln] aey (agjugll cilja dijlgal
ayiblo aligrialyl aijlgal (€)

J_LubEJIJIJ_cTJju__Q'U @

digjgall &ylpill dlalenll gc dapan djlic sl @
sJIfialg dawmal Jelail

ailgill cagh g ciligrialil jghi (8)

dinuillg aljall gtig ciligiialdl jighi 1l @
ainadull ljil pjly 11 (D)

Sapulidll wgphll L E°cell > 0 Lpl dula si
Ag|Ag* || Zn**|Zn

Cu|Cu?* || Mg?* | Mg
Au|Au*|Na*|Na ©

Zn|Zn?" || Ag* | Ag (D)

s@ii
Jghall o gpaia yulai JI Cu?* aligil Jfial (&)
cloll go gglll piac aden Zn?* g4
Cu awsli (¢)
$0,%” Jjiai (p)

Sayiguill dinuiull gc aunslill aac fini djuc si €8

alisyall s (g il glathio lna

[bw amalill aac ggay gi gans U

abaall alal hef apilhnl déngd awmalill aac ()
Ll drna Luill

awAlialacl gl haa aligill (D)

Suilpgall Juhaillln (@

auilyga adlh gliiy ilali Jljialg éawal Jelai plaail

clall _ga Ligil 4o dilal

clyps ¥ga Ylaiy Sia whpe grawi ()

Alogs Jelai (gas) ¢l agilygall sl plasiul (p)
AL e (JIialg A1)
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Concept questions - understanding-level items for Advanced students

Is the reaction inside the electrolytic cell spontaneous
or not, and why?
@ Spontaneous, because E°cell is positive
Non-spontaneous, because E°cell is negative so an
external voltage source must supply energy
@ Spontaneous, because the anode is negative
@ Non-spontaneous, because no oxidation occurs

Explain why the products of the Down's cell and the
brine cell are different.

@ Water is oxidized at the cathode in the Down's cell

CI™ is not oxidized in the brine cell

@ Molten NaCl has only Na* and CI~ so Na* is reduced to Na
; in solution water is reduced more easily than Na* (2H,0
+2e” - H, + 20H7), giving H, and NaOH instead of Na

The brine cell is voltaic, while the Down's cell is
electrolytic

Why do we carry out electrolysis of water?
To produce sodium metal and chlorine gas
To produce electrical energy from water

@ To produce hydrogen gas (fuel / industrial use) and
oxygen gas: 2H,0() - 2H,(g) + O,(g)
@ To coat objects with a thin layer of metal

@ What are the reactants in the Down's cell and in the
brine cell?

@ Down's cell: aqueous NaCl; brine cell: molten NaCl

Down's cell: molten NaCl + H,0; brine cell: Na + Cl,

@ Both: pure water only

Down's cell: molten NaCl; brine cell: aqueous NaCl
solution (NaCl + H,0)

What are the products in the Down's cell and in the
brine cell?
(n) Down's: H, and Cl,; brine: Na and Cl,
Down's: Na()) at the cathode and Cl,(g) at the anode; brine:
H,(g) and OH~ (NaOH) at the cathode, Cl,(g) at the anode
(c) Down's: Na and O,; brine: H, and O,
Down's: Cl, at the cathode and Na at the anode; brine: H,
at the anode

5 What are the uses of H, and 0,?

o H,: water purification; O,: making soap

H,: fuel (fuel cells), ammonia and chemical manufacture;
0,: medical use, steel making, welding and life support

@ H,: cooling nuclear reactors; 0,: making PVC

@ H,: sodium-vapor lamps; O,: paper bleaching
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S ILALT j1é pi ILALT &iliaill &all J3la Jelaill Ja @
Slalnlg
1ag0 E°cell gl 1, flali @

28j B ag2 Jann pjla bl E°cell gl 1 ilali je
adalhll

il agnall gl ilali (c)
8wl Gaai o aill 1 ildli e (D)

Jglanll duld ge jigla auls ailgi «aliai Aol pig @
U:J.n.ll

jigh éuls _a hugall aic cloll awdliy (a)

wAlall Jglanll @la g CIT awaliy i

A Lol :Na J| Na* Jjiaia haa CIn-g Na* sgia jggnall (€)
Uo Jpuwl Jjial clolla Jglanll
Na Ja NaOHg H, (jg4iwa Na* (2H,0 + 2e” » H, + 20H")

alylai jigh Lniy ayilga aloll Jghanll ads (D)

Sclall Lilipgall Julaill i lalal
Jolall jleg pgiagnll jla Jliill
clall o dlygs ddlh gliiy
jleg (@uclin ailolaaiwl/agag) gragugl jle aliil (€)
2H,0() = 2H,(g) + O(g) :tawAaill
jla o adyd) aduny pluaill el (D)

Salnll Jglanll dula Ag jigh dula 4 Gulclainli o (@R

Jggnll NaCl:_alall Jghaoll 1 ilall NaCl Jglao jigla o
Na + Cl, :_aloll Jglanll H,0 +)jggnnll NaCl ;jigla
hda i clo:lnalils ()

E,J‘LDJ| NaCl Jglan:aloll Jgholl jggnnll NaCl ;jigla @
(NaCl + H,0)

sualnll Jglanll dla Ag jigh dula a ailgill Lo
Cl2g Na:_alall Jglanll :C12g H, :jigl

:Aloll Jglanll aenallaic CI2(g)g hugoll aic Na() :jigla
aenallaic CI2(g)g hignll aic OHA- (NaOH)g Hy(g)

02g H, : lall Jglaall :02g Na sjigla (©)

H, :_Alnll Jglholl :aenallaic Nag higallaic Cl, :jigla @
1enallaic

€02g H, dlolaaiwl Lo 36

:0, wiliglnyallg Ligolll dcling (agagll Lil4) agag H,
alall peag plhalllg wlnll dcling (Siall plasiull

PVC dclin :0, «cyggill willclanll aypi:H, @
Gigll jnd :0, :pgiagnll jlas aulnn :H, @
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39-37 aliwill @

Making PVC plastic and bleaching paper

Cooling agent in nuclear reactors, sodium-
vapor lamps, and producing other sodium
compounds

@ Welding and steel making

@ Fuel in fuel cells

% What are the uses of sodium (Na)?

<3 What are the uses of chlorine (Cl,)?

o Water purification, making PVC plastic,
and paper industry

Cooling nuclear reactors and sodium
lamps

(c) Medical oxygen and welding

(p) Making soap and textiles

39 What is the use of NaOH?

o Making soap, paper, textiles and cleaning
products

Fuel for fuel cells

@ Cooling agent in nuclear reactors
@ Water purification only

cnga pisl — junaillg dlaspeillg p.LaI.a.n.IIaJinui

Concept questions - understanding-level items for Advanced students
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¢Na pgiagnll dloladiwl Lo
G9!l jndg PVC cliwilll dclin
J aulnng .aiggill ailclanll _a ajin
pglagnll alihyn Anig.pgiagnll
ulnll dcling plalll @
agaigll Ly L 2gdg (D)

SCl, jglall aalnlaaiwl o (EF

acling PVC ehiwlyl acling oball ddii (a)
gl

pgiagnll aulnng diggill cillclanll api

plalllg Sthll grawal (c)

cilaguinllg Jgilall dclin @

SNaOH plasiwl o (E€F

alaiing alhguwinllg §)gllg ggilnll dclin (a)
il

gdgll LAl agdg

cuggill ciilelanll _a afin @
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&yljgll alilaiol dliwi

(@il aluisul Jala éyljgll dliwi duds) drabal — éjljgll Alilainl dlimi 9 )

5-18liwil @ Ministry of Education exams - additional questions - the other Ministry questions are inside the mock
exams
Two cells are shown: cell 1has alamp and cell 2 a J2 A92p2 )anng u.uLLIIg alinny lgdll ;glisls 0
voltage source, each with Zn and Cu strips. Which Sdauan ajlic -.S' .Cug Zn Ly login

i ?
statement is correct? CIJjLI_l.g.ﬁL_.JlCLU , ||G.G|.b.”dg.3JgCLLIJg.GZ | I @

Cell 2 is voltaic and converts chemical energy to . ) . e . . ]
Al Juoglall hy st aaiy sio Jelaill pniug 2 agdall g

electrical energy

In cell 2 the reaction continues until the zinc strip is . . LG'Gg'”
used up, then the reaction stops ALl 2 alill a Jelaill @
() The reaction in cell 2 is spontaneous 1 adall (a éphiall pe cligialyl elii @
@ Electrons flow through the salt bridge in cell 1
® “ e
Which row describes oxidation correctly? Sann Jaidy Aawsill dng wn si
Gains electrons — oxidation number increases — oxidized 3,,,5‘|_'|_,'" — wwmalill aae alaji - ailigial] cuniay
Loses electrons - oxidation number increases - P P u
awaliy — awSlill aac alap - ali [2da)
oxidized il JJ i Ugrfb-l; N
Loses electrons — oxidation number decreases - LJJ-DJ - R 2ac Jdy - aligriall i @
reduced 2wl - awslill aac Jay - aligrial] cuiqy (D)
Gains electrons — oxidation number decreases -
oxidized
e Consider 2F” + |, - F, + 21 (as given in the exam). (uidul A 3)g ln%) 2F7 +1, = F, + 217 Jelaill u,cl e
Which statement is correct? fdaan Ajlic -.S'
@ lodine gives electrons to fluoride and is oxidized awaliig anglall aliggall agul he @

Fluoride is reduced
@ lodine receives electrons from fluoride and is reduced

2jglall Jjiaj
Jiiaig aglall go cligrial] gyl Judtiay (C)

@ No electrons are transferred

ailigrial] J4iii J (D)
What is needed in a voltaic cell so that charge can Jpniwb diamll elpaiil arilgall auall _a pjill Lo
move continuously between the two half-cells? sauall ani Ju
@ Only a salt bridge hia anln apid @
A salt bridge and a metal wire (an unbroken pathway for . __— . ... I
charge) (@il Jnio jlun) Sila ellng dalo gjhid
@ Only a metal wire haa sjladlw @
(p) Neither is needed login sl pjl U @
Which half-cell has a standard reduction potential 0.000 V (sgluu Swlidll allfial aga aula wani si e
of exactly 0.000 V? " i Shuall

2+
@CulCu Cu|Cu2+®
2+
(8) zn|zn Zn|Zn2+
The standard hydrogen electrode — -
Swldll Jagiugll uhd ()

Ag | Ag*
® Ag|Ag* (D)

e 0502500589 - pillull aic anan /aalac)] - clionSll pund — Jjoll dwjan Inspire Chemistry - Redox & Electrochemistry



@

EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - clinisll daln _a L:,n._l_Jl_ﬁJ‘JI pcall
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10-6 aliwill ® Ministry of Education exams - additional questions - the other Ministry questions are inside the mock

exams

e In silver plating of an object, what occurs at
the anode?

@ Silver ions are reduced to silver

The object is oxidized

@ Silver is oxidized to silver ions

@ Water is reduced

° An iron key is to be electroplated with copper.

The diagram shows the battery connected
with copper to the negative terminal and the
electrolyte is Na,SO,(aq). What is wrong?
Both: the battery poles are reversed and the
electrolyte lacks Cu?*
Only the battery poles are reversed
@ Only the electrolyte lacks Cu?*
(p) Nothing is wrong

° The half-reactions Pb?* + 2e~ . Pb and Fe3*
+ 3e” - Fe are combined so no electrons
remain. Which row gives the coefficients of
the ions?

(A) Fe**:3,Pb?*: 2
Fe3*:1, Pb%*:1
@ Fe3*:2,Pb%*:3
(p) Fe®":2,Pb*": 2

o A layer of gold is deposited on an aluminium
sheet in an electrolytic cell. Which is correct?

(A) The electrolyte contains AI**; the mass of the
sheet decreases

The electrolyte contains Au®*; the mass of the
sheet increases; cathode: Au* + 3e” = Au

@ Anode: Au3* + 3e” - Au
@ The sheet is the anode

° For 2Br~ + Cl, - Br, + 2CI~ which pair of half-
reactions is correct?

() Oxidation: Cl, + 2¢~ — 2CI” ; Reduction: 2Br~ -
Br, + 2e”
Oxidation: Br, + 2e™ — 2Br~

Oxidation: 2Br~ — Br, + 2e™ ; Reduction: Cl, +
2e” - 2CI°
(p) Reduction: Br~ - Br, + e~

0502500589 - pilwll aic anan /aalac] - cbioybll pund — Jgjoll Gwjan

D)

S‘:n.v.n.nJIJic&::n._l_l'nLn&b.dJL!pm;chb.:,d 6

ana Jl anall aligil Jad ()
punll 25l

ana aligh Il aaall analii @
cloll Jjiai @

hhinll _4.gulailliagan alidn cilh Al
agrialylg wlwll uhdlly Jgngo gulaill
slhall Ln .Na,SO,

1l culgrialyllg gylugaen dyjlaul lha lnaulh (A)

Cu?* S9N

had glwghen dyylhll Lha

hag Cu?* sgay Ul culgsialyl (C)

lba 20391 41 (D)

g Pb2* + 2™ - Pb Jclaill Lani °
il U ¢uag glenaiFe3* + 3e” - Fe
sgtigaill alnlen Lhey wn si.aligrall
Pb2*.2,Fe3*:3 (»)
Pb?*:1.Fe® 11 (B)
Pb?*:3,Fe®":2 (¢)
Pb2*:2,Fe3*:2 ®

duld LA waall pguingll dadan i e
aanll alis Jaig AR sgau culgrialyl (a)

aatanll alia alajig Aud* sgay culggialdl

Au®* + 3¢ - Au:hipnlig
Aud* + 3e” - Au aenall @
1enoll L& daanll @

00 2gj s 2Br™ + Cl, = Br, + 2CI™ Jelaill @
fatan Jelaill ani
:JIfaUl: Cly + 267 - 2C17 :A2wall (a)
2Br~ - Br, + 2e”
Br, + 2e” - 2Br™ :Aam4lll
AUl 2Br™ - Bry + 2e” :0awalll (¢)
Cl, + 2e” - 2CI”
Br~ - Br, + e :JIfiall (D)
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9-1 dliwill @

Regarding the redox reaction below, which of the following is
correct?
Mg(s) + Cl,y(g) — MgCl,(s)
(Atomic numbers: Mg = 12, Cl = 17)
o Chlorine atom transfers one electron to each magnesium atom
Magnesium atom transfers one electron to each chlorine atom

Chlorine atom is oxidized

Magnesium atom is reduced

° In NaCl the oxidation numbers are Na +1and CI -1. What do
these numbers represent?

@ The number of electrons in the outer shell of each atom

The charges the atoms would have if the electrons were
completely transferred

@ The atomic number of each element

@ The number of bonds formed by each atom

Which statement defines a reducing agent?
A substance that donates electrons and is itself oxidized
A substance that donates electrons and is itself reduced
(c) A substance that accepts electrons and is itself oxidized
@ A substance that accepts electrons and is itself reduced

What is the oxidizing agent in the following reaction?
Fe + 2Ag* - Fe?* + 2Ag

o pa

Which of the following is the reducing agent in the following
reaction?
Ca(s) + Zn%*(aq) ~ Ca>*(aq) + Zn(s)

(R Zn?*(aq) () Cals)

Ca®*(aq) Zn(s)

° In the reaction X + Y - XY, X loses electrons. Which
statement is correct about X?

@ Its oxidation number increases and it is oxidized

Its oxidation number decreases and it is reduced

©

Its oxidation number increases and it is reduced
(D) Itis the oxidizing agent

When is the oxidation number of oxygen positive?
When it is bonded to itself

In peroxide compounds

When it is bonded to fluorine
@ In oxide compounds

What is the oxidation number of chromium (Cr) in the
following ion?
cro,>

(a) +2 () -6
(© -2 (o) +6
What is the explanation for the variation in iron rock colors
shown in the figure? (Iron is a transition metal)
1) Presence of different oxidation numbers of iron
2) Presence of pure iron without other minerals in the rocks

3) Presence of similar oxidation number of iron
4) Presence of other minerals in the rocks

(») 1and 2 (B) 2and 3
(c) 1and 4 (p) 3and 4
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Mock Exam 1 — 1 Sujaill jLisul a )

Satan il Lan siiolial JIfiadlg dawsill Jelat Glei Loa
) ) Mg(s) + Cly(g) » MgCly(s)
(Cl=17.Mg =12 :@ji]l 1aell)

poLuiien Ay Jal 1aalg ligriall jglall 63 aini ()

Jols éya Jal anlg ligrial] pgruieall 4jh aiai

Jglall ey aawali @

pguuienll &3 aljial ()

Salacill oaa Jini1aln .Cl -1 g Na +1 awalill alaci NaCl _a
By J5 (o jalll sgiwall aligrial ac
raic Jal spallaell (¢)
&3 J4 Lgigai sill hulgll aac (D)

sJjianll Jolell Wjei d)uc i
awaliig ailigrialyll aini aslo
Jiadg aligrialyl aini dalo
awaliig ciligrialyll Jidiwi dalo (©)
Jjiadg ciligrialyl Juiiwi éala (D)

s Ll Jelaill i amsgall Jolell Lo
Fe + 2Ag* - Fe?* + 2Ag
Ag Fe (a)
Ag* (b) Fe?* ©

s Ll Jelaill _a Jfianll Jolell ga L lan i °

Cals) + Zn?*(ag) » Ca?¥(ag) + Zn(s)

Cafs)
Zn(s) @

Zn2+(aq) @

Caz+(aq) @

X ¢ dayan djlic s .aligfall Xada) X + Y - XY Jelaill (g
J_ubLug oawAlinac alajy
Jiiaig oawslinac Jay
Jiiaig oawali 3ac alajy @
awAagall Jolell ga @

SLago grawaill awalinac ggay Sin
awai gn hiiy loaic
awlsll Gga wlihpo _a
Jglall go iy Inaic ()
:\._I,Ll.llbﬂlﬂl.!ﬁj.ﬂkr,d o

sawLill ggaill aeun 4 (Cr) pgpall paic amaliaac Lo e
i cro,2

-6 +2 @

+6 @ -2 @

Salial Jauidll L dakgall aaall jgan glgli ggii pundiln °
(LAl jLa 2y2211)
aaall dalian awalialaci agag 1)

s1l galeo & agag 093 jganll L Ldill 2522l agag 2)
a2l ailiiiin amaiiaac agag 3)

Jganll A sl galeo agag 4)
392 291@
493@ 491@
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Q In the oxidation-number change S: -2 -, +6, how many
electrons are lost per S atom?

® 4 8

© s ©2

0 In 2Al + Fe,0; - Al,0; + 2Fe, which element is reduced and
what is the change in its oxidation number?

@AI:O—>+3 Fe:+3-,0
@O:—Z—»O @Fe:0~+3

What should be the value of X to balance the following half-
reaction?
NO,™ + 10H* + 8e™ —. NH,* + XH20

@ 3 5
ok ®
What is the oxidation half-reaction for the redox reaction

shown below?
Ni(s) + CuCl,(aq) - Cu(s) + NiCl,(aq)

(A) Cu?* +2e” - Cu (8) Cu - Cu®" + 2e”
(c) Ni** +2e” - Ni (o) Ni — Ni** +2e”

When the following redox equation is balanced in an acidic
solution, which of the following is correct"
Cr207 (aq) + Fe?* o cré¥f( (aq) + Fe3*@a q)

@ 7 H,0, on the reactants side; 14 H* on the products side

7 H,0 on the products side; 14 H* on the reactants side

(c) 14 H,0 on the products side; 7 H* on the reactants side

@ 14 H,0 on the reactants side; 7 H* on the products side

Which of the following is the correct balanced redox equation
for the reaction using the half-reaction method (in acidic
solution)?
Cr207 (aq) + Fe?* - crét (aq) + Fe3*@a q)

(R) Cr,0,% + H" + |=e2+ - 2Cr3+ +Fe®" + H,0

Cr,0,%” + 14H* + 6Fe?* _, 2Cr3* + 6Fe®" + 7H,0

(©) Cry0,% + 7H* + Fe** . 2Cr®" + Fe3* + 7H,0
(p) Cr,0,% +H* + 6Fe®* _ 2Cr®" + 6Fe* + H,0

Which statement is true when a redox equation is balanced in
basic solution?
@ The final equation contains OH™ and/or H,0O but no H*
Free electrons remain in the final equation
The electrons lost need not equal the electrons gained
@ The final equation contains H* ions and no OH™ ions

Which is the balanced equation for Cl, - CI™ + ClO;™ in basic
solution?

(a) 3Cl, + 30H" . 5CI” + CIO;™ + 3H,0

(B) 3Cl, + 60H™ - 5CI” + CIO5™ + 3H,0

(c) Cl, + 60H™ . 5CI” + ClO;™ + 3H,0

@ 3Cl, + 6H,0 - 5CI” + ClO;™ + 12H*

Which of the following statements is not true concerning
electrochemistry?

Mechanical energy is converted to electrical energy and vice
versa

(B) Chemical energy is converted to electrical energy and vice versa
Useful in industry and critically important for biological functioning

@ It is the study of the redox processes
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§S &3 4 adiay ligfiall p& S: -2 - +6 awalill aac pai 4
8‘ 4
2(® 6©

Lng Jjiai paic 6I 2Al + Fe,05 = Al,0; + 2Fe Jclaill _a
Soawali :iJ.Ct_.;Jﬁ.Q.IJl
Fe:+3-0

Al:0- +3 @
Fe:0—>+3@ o:—2—>o@

Ll Jelaill vani dlalen dijignl X dnyd ,ng.lui ual hln
NO;™ + 10H* + 8e” = NH,* + XH20

2 C
10 (3)

angoll Jljiddlg damaill Jelail Aamaill Jelai wni Lo

3

i@

Salial
Ni(s) + CuCly(ag) = Cus) + NiCl,(aq)
Cu - Cu?* +2e” Cu?*+2e > Cu

Ni2* + 2e” - Ni @

Ni — Ni2* + 2e” @

i 1502 Jglan i dylill JIfiddlg Bawbill dlalen 0jg aic
ian il oo
Cr,0,% (aq) + Fe?*(ag) = Cr¥*(ag) + Fe*(ag)
ailgill aga LA H* gl 14 taillelainll aga A H,0 allja 7 (A)
allclainll aga g H* Ug;_i‘m ailgill aga g H,0 alijja 7
allclainll dga o H* aligil 7:21lgll a2 A H,0 e5j2 14 (©)
ailgill d4ga L H* aligil 7 :aulclainll dga a H0 csja 14 (D)

dawmaill Jelail &aganll digjgall daleall La Ll oo sl G
Jglan L) Jelaill w@ni ddyph pladin Lg;'=,||.'u"|d|ja'_=;u'ig
e

Cr,0,% (aq) + Fe2*(ag) = Cr®*(aq) + Fe**(ag)
Cry0,% +H* + Fe?* - 2Cr®* + Fe** + H,0 (n)
Cr,0,2" + 14H* + 6Fe2* - 2Cr3* + 6Fe®* + 7H,0

Cr,0,%" + 7H" + Fe?* - 2Cr®" + Fe®" + 7H,0 (c)
Cr,0,2" + H* + 6Fe?* - 2Cr3* + 6Fe3* + H,0 (o)

b.nugupdlpalgnmblahb.nujgmuamnjh.ctsl e
"5:\.:L:|

H* lc Sgiai g H,0 gl/g OH™ ke dilgill dlaleall sgini @

(ijjl.g.iJl(‘flJJl_Q.DJl,ﬁ,dﬁlp aligrial] . dui

dunitallg dagaanll aligialyl sglwi pili ol (©)

OH" _lc (sgini g H* le éailgill @aleall Sgini @

huug A Cl, = CI™ + ClO;™ Jelaill Gayan digjga dlalen i a
Sacld

3CI, + 30H™ - 5CI” + Cl05™ + 3H,0 (&)

3Cl, + 60H™ - 5CI” + CIO;™ + 3H,0

Cl, + 60H™ - 5CI™ + CIO5™ + 3H,0 ()

3Cl, +6H,0 - 5CI+ CI05™ + 12H* (b)

Sailpgall clingall @Gloi) oyd dagan pé aulill aljuell si
susellg aslygs Ll duilaunll dalhll Jigals sief
puaellg alygs ] ddlagsll adlall Jigai siel
bl wilhgll o dogog aclinll i ai
Jlfsulg aws il allac dwls (o)
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25-19 aliwill ®

by a copper wire and a KCl salt bridge), where do the ions
move from one side to the other?

@ Through the silver strip Through the copper wire
(c) Through the salt bridge (D) Through the zinc strip

The following reaction takes place in a voltaic cell: Zn(s) + Cu?*

(aq) — Zn%*(aq) + Cu(s)
Which of the following takes place at the anode?

@ Reduction of Cu?* Reduction of Zn2*
@ Oxidation of Cu @ Oxidation of Zn

What is the standard reduction potential (E°) value of the
standard hydrogen electrode shown below?

@ 0.000 V +0.500 V
(c) +1.000V (o) -1.000V

H: gas, 1atm

1MH*(aq) - 25°C

What is the half-reduction reaction that takes place in the cell

shown in the figure below?
(8) Cu - Cu®* + 2e”
(p) 2H* - H, + 2e”

Mock Exam 1 — 1 sujaill juisdl
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

Q In the voltaic cell shown (Zn | Zn™ and Ag | Ag’ half-cells joined

Ag'|AggZn™|Zn duls Lani) Gangall dyilgall duall _a
jaii i {KCl g &ualn Bphidg Swlai cllw Logiy Joy
Sl Gl dga go aligyill
anall ahd Jua
saalall paidl Jus (2

oulaill ellw Jila
gyl aha Jus (p)

1yilga 8415 A JIill Jelaill énay

Zn(s) + Cu?*(ag) = Zn2*(aq) + Cu(s)

Sagiill aic ¢aay L lon i
Zn?* JIfial " cu?* Jijal ®
Zn Aawal ® Cu AwAl ©

Swlidll gagyapgll ahdl (E°) swldll JIjibdl aga jladn Lo

Solial agall
+0.500 V

0.000 V @
-1.000V @ +1.000 V @

A diunll ddal IJum&ﬂl.,ﬂ.n.l.l ill Jlfiddl Jelailo

Salial Jauidl
Cu - Cu?* +2¢” Hy+2e" > 2H" (7)
2H* > H, +2¢” (D) Cu?* +2e" > Cu (¢)

o H, + 2™ - 2H*
(c) Cu** +2e” — Cu
H- gas, 1atm

1MH*(aq) - 25 °C

The following reduction half-reactions represent the half-cells

of a voltaic cell. What is the standard cell potential (E°cell) of
this voltaic cell?

Sn?*(aq) + 2~ - Sn(s) E° = -0.1375 V

Pt?*(aq) + 2™ - Pt(s) E° = +1.18 V

@ +1.32V +1.04 V
(o) -132Vv (o) -1.04V

Which of the following represents the cell notation for the
voltaic cell consisting of nickel and calcium electrodes?
Ni?* +2e”~ - NiE° = -0.257 V

Ca®* +2e” - CaE°=-2.868V

(®) ca**|cal|Ni|Ni?* () Ni®* [Ni|[ ca®*|Ca
(o) Ni| Ni2* || ca®* | ca (o) Ca|ca® || Ni** | Ni

Which of the reactions represented in the table below is non-
spontaneous under the standard conditions?
2Au* + 3Cu - 3Cu?* + 2Au (E° = +116 V)
2Fe3* + 3Mn - 3Mn?* + 2Fe (E° = +1.148 V)
Fe + 2Cu* - Fe?* + 2Cu (E° = +0.96 V)
Ni + Fe2* _ Ni?* + Fe (E° = -0.218 V)
2Au®* + 3Cu - 3Cu?* + 2Au
2Fe®* + 3Mn - 3Mn?* + 2Fe
Fe + 2Cu* . Fe?* + 2Cu
Ni + Fe?* _ Ni?* + Fe

© ceee
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IMcu*
Culcu?*

aulall priganill sl &Ll dxdnil JHaM aelar Jiad e

Sayilgall aulall oagl (E°cell) Swlidll apall Lo .dyilgall
Sn2+(aq) +2e = Sn(s)E° =-0.1375V
Pt?*(aq) + 2™ = Pt(s) E° = +1.18 V

+1.04V +1.32V @
-1.04V @ -1.32V @

Sthd o ggail sill duilgall auall jop Jing S lon sl @
Spguuliallg Jayill
Ni%* +2e” > Ni E° = -0.257 V
Ca?*+2e"—» CaE°=-2.868V
Ni2* | Ni||Ca%*|Ca Ca®"|Ca||Ni| Ni** (&)
Ca|Ca®" ||Ni**|Ni (D) Ni| Ni?* || Ca®* | Ca (C)

A A iLili pé alial Jgaall La dilinll ciulelaill go sl
A Alal e gl A s
Sauulidll cagyill

2Au3* +3Cu - 3Cu?* + 2Au (E° = +1.16 V)

2Fe®* + 3Mn - 3Mn?* + 2Fe (E° = +1.148 V)

Fe + 2Cu* - Fe?* + 2Cu (E° = +0.96 V)

Ni + Fe?* - Ni?* + Fe (E° = -0.218 V)
2Au®* + 3Cu - 3Cu?* + 2Au @
2Fe3* + 3Mn - 3Mn?* + 2Fe

Fe + 2Cu* - Fe?* + 2Cu ©
Ni + Fe?* - Ni?* + Fe (D)
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fatan Jad agiill 6)Li) Lhes wn ,§i @

Which row gives the sign of the anode correctly?
Voltaic cell: positive ; electrolytic cell: negative

(B) Both cells: negative
e Voltaic cell: negative ; electrolytic cell: positive
@ Both cells: positive

A Zn | Zn?" and Cu | Cu?* cell (E°cell = +1.10 V) is
connected to an external source of 0.50 V in the
OPPOSITE direction. What happens?

@ The reaction is reversed: Cu + Zn%* _, Cu?* + Zn

9 No reaction occurs

The spontaneous reaction Zn + Cu?* — Zn?* + Cu still
occurs

@ The cell becomes an electrolytic cell

What is the anode reaction in a Down's cell?
Na() - Na*() + e~ Cly(g) + 2~ — 2CI7()
(c) 2CI7() ~ Cly(g) + 2~ (o) Na*() +e™ ~ Na()

Which of the following substances does not result
from the overall reaction of the electrolysis of a NaCl

solution?
(®) Ha@ Cly(@)
@ Na(s)

@ NaOH (aq)

A layer of gold is deposited on an aluminum sheet, as
in the figure (Au and Al electrodes, 9 V battery).
Which of the following is correct?

Mass of the aluminum sheet increases; anode: Au — Au3*
+ 3e7; cathode: Au®* + 3e™ - Au; electrolyte contains
Au®*

Mass of the aluminum sheet decreases; anode: Al - AI®*
+ 3e”; cathode: AIP* + 3e™ -, Al: electrolyte contains AlR*
Mass of the aluminum sheet increases; anode: Au®* + 3e”
- Au; cathode: Au — Aud* + 3e~; electrolyte contains
Au®*

Mass of the aluminum sheet decreases; anode: Au* +
3e3‘ — Au; cathode: Al - AIP* + 3e7; electrolyte contains
APP*

il séullaill duall - uagn saglgall adall
b spindall Lils
(2gn saliaill ayall : cullw diilgall auall (<)
aga il il (D)

Clng Cu?* (E°cell = +1.10 V) | Cu g Zn?* | Zn &ula
I3lo .yuslenll alaidl 4 0.50 V oaga 2)ld janng
¢dnny

Cu +Zn?* > Cu?* + Zn :Jclaill ju4ei @

Jelai si¢nay il

Zn + Cu?* > Zn?* + Cu ldlill Jclaill ¢igaa jniuy @

Sjigla dula 4 agidll Jelai L
Cly(g) + 2™ = 2CI7() Na() » Na*() + e
Na*() +e” - Na() (D) 2CI7() - Cly(g) + 2e”

Gl :

Juaill &Il Jelaill o 2iif U @ulill algall si @
) $NaCl Jglanl _ilygall
Cly(g Hye) (A)

Na(s) @ NaOHaq) @

Lo uaill go ddihy pgiinlill §n dad :
u—'i_ll_n_néi (cilga 9 éyjlihg Al g Au Lu __)E _._‘-’I .

:agilall ‘Au - Au* + 3e :agilll alaji pguinlill dwan alia ®

Au?* lc sging culggiallll :Au®* + 3e” - Au
:agilall Al - AIR* + 3e™:agilll { Jai pguinlill aatan dlis
AP* lc sging culgriallll:APR* + 3e” - Al

:agilall ‘Aud* + 3e” - Au :agilll alaji pguinlill dwan alia

Au3* i sginy culgrialyll ‘AAu — Aud* + 3e”
agilall:Au®* + 3e” > Au gilll 1 i pguialill datan alis (D)
AB* ic sginy culggialyl ‘Al - AIR* + 3¢

Al sheet
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Which of the following statements is true concerning the redox
reaction shown below?
2Br~(aq) + Cly(aq) — 2Cl™(aq) + Bry(aq)

@ Oxidation of the chlorine molecule

Reduction of the bromide ions

@ Electrons transfer from chlorine to bromide ions

@ Electrons transfer from bromide ions to chlorine

(®

Which of the following can be the value of an oxidation number?
Only positive integers

Q Zero, a positive value or a negative value

®
©
®
®

nly zero

o O

nly negative values

a reducing agent because it donates electrons

an oxidizing agent because it donates electrons

@ areducing agent because it gains electrons

@ an oxidizing agent because its oxidation number increases

g In the reaction Zn + Cu?* _ Zn?* + Cu, zinc acts as ...

Regarding the redox reaction below, which of the following is
correct?
3Mg + N, - Mg;N,
(Atomic numbers: Mg =12,N = 7)
The oxidizing agent is N, and its oxidation number changes from 0
to +3
The reducing agent is N, and its oxidation number changes from 0
to -3
The oxidizing agent is Mg and its oxidation number changes from O
to +2
The reducing agent is Mg and its oxidation number changes from O
to +2

What is the reducing agent in the following reaction?
H,S(g) + Cl,(g) — S(s) + 2HCl(g)

® ¢, s
(o) Hel (@) H.S

Which of the following is correct?
2F(aq) + ly(aq) - Fy(aq) + 217 (aq)
The iodine receives electrons from the fluoride ions and it is
reduced
The fluoride ions receive electrons from the iodine and it is oxidized

The iodine receives electrons from the fluoride ions and it is
oxidized
@ The fluoride ions receive electrons from the iodine and it is reduced

Which statement about the oxidation number of nitrogen in
N,O; is correct?

@ It is +10 Itis -5

@ Itis +5 @ Itis +2.5

What probably accounts for the different colors of copper
compounds (copper is a transition metal)?
Differences in protons numbers
Differences in atomic numbers
Differences in oxidation numbers
@ Differences in electrons numbers

What is the oxidation number of S in S,0,27?

+2 +4
© +6 ® +3
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St e S @
Solial
2Br~(aq) + Cly(ag) = 2Cl (aq) + Bryaq)
jglall e sjal Bawsi ¢igaa (B)
ungpll aligidl JIfial ¢igaa
gyl aligi J}jglall go cligialyl Jlail (¢)
Jng-’|LJl3+DgJ'!J|QUgﬂL'J_DQUgﬁbe|dmm @

Sawalill aael dngd ggay gi gans U Lo i
hda diagn dannn alaci

dullw doud gl diago doud gi jan

3
E.
©)

b.a.aa.dhupm@

... adngs Juajlall Yoo Zn + Cu?* - Zn?* + Cu Jelaill _a
ciligiialyl aing aill Hfian ilole g
aligrialyl aing aifl aw4ga lole
aligialyl ity aill Ijiso dole (¢)
alaj oaw4li aac il lawagn dinle @

Saran Lil) lan (sl olial Jljiadlg sl Jelaiy Gleiy Loga
3Mg + N, -» Mg;N,
(N=7.,Mg=12:5jall 2aell)

3+ J10 9o 02usli 2ac g N, ga 2uusgall Jolell (B)

3- J1 0 g0 oawali aac peig N, ga Jiiaall Jolell

2+ J10 0 oawAli aac jieiig Mg ga aw4dall Jolell ©

2+ J10 g oawslisac jieiig Mg ga Jjiaall Jolell (D)

"UILlJId.cLu.lJIUpdrn.n.l | Jolell Lo
H,S(g) + Cl,(g) = S(s) + 2HCl(g)
. ch ®
H,S (o) HCl (o)

fan il loo s e
2F " (aq) + lp(aq) = Fy(aq) + 217 (aq)

Jijisl al éaug ayglall ailigl go aligrial] sgul Juiiuy (&)
Aawal lgl ¢aaig agul (o aliggiall ayglall ciligl Judii
Aaw4l al ¢aig ayglall aligil o aligrial] agul Jidiug ©
Jliisl lg! &g agull go ailigrial] ajglall aligl Judiwi (D)

?Nzosgm;g;wIME:um&qanﬁjm 6I
Itis -5 (B) Itis +10
Itis +2.5 (D) Itis+5 (¢)

A 25g0 ga L4 gulaill alibyo glgli W@uisl (A quuwll Lo
(LAl jla gulaill) Sl
i aligignil slacl w@ilisl ()
ayall alacill calial
awalill alac calis|
aligialyl alach caulisl ®
€5,05%" LA Sawaliaacln
+4 +2 @
+3 @ +6 @
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How many electrons are transferred in 2Al + 3Cu?* _ 2APP* +

3Cu?

2 3

@ 5 @ 6

a In 3Cu + 8HNO; - 3Cu(NO;), + 2NO + 4H,0, which statement
is correct?

(A) Nitrogen is oxidized from +5 to +2

e Hydrogen is oxidized from +1to O

Copper is reduced from 0 to +2

Nitrogen is reduced from +5 to +2 and copper is oxidized from 0
to +2

Given the following two redox half-reactions:
Sn?* _ Sn** + 2e" (oxidation)
Au®* + 3e” - Au (reduction)
What is the minimum number of Sn?* and Au®* ions that would
have to react in order to have zero electrons left over?
Au®* = 3and Sn?* =3 Au®* = 3and Sn?* =2
@ Au®* = 1and Sn?* =1 @ Au®* = 2 and Sn?* = 3

What is the oxidation half-reaction of the net ionic equation
shown below?
2Na(s) + Cl,(g) — 2Na* + 2CI”

() Cl, +2¢” ~ 2CI° (B) Na* +e” — Na
(c) Na - Na* + e~ (p) 2CI" ~ Cl, + 2e~

When using half-reactions to balance the redox equation
below in acidic solution, which of the following is the correct
balanced equation?
ClO;™ + SO, — CI™ +50,2"

380, + ClO,™ + 3H,0 - 3S0,% + CI” + 6H*

380, + ClO,™ + 6H* — 3S0,%™ + CI~ + 3H,0

2S0, + 3CIO;™ + 6H* - 2S0,2” + 3CI™ + 3H,0

2S0, + 3CIO;™ + 3H,0 -~ 2S0,2” + 3CI™ + 6H*

Using the half-reaction method to balance the oxidation-

reduction reactions, what is the correct balanced equation for

the following reaction in acidic solution?

Cl™(aq) + NO3 ™ (aq) — ClO™(aq) + NO(g)

3CI™ + 2NO;™ + 2H* - CIO™ + NO + H,0

2CI” + 3NO5™ + 2H* - 2CIO™ + 3NO + H,0

3CI™ + 2NO;™ + 2H* - 3CIO™ + 2NO + H,0

ClI” + NO;™ + H* - CIO™ + 2NO + H,0

CEE® @ e @

Which of the following is the balanced equation for the
reaction below in an acidic solution?
Se0,2 (ag) + Cl0;™(ag) — S€0,2 (aq) + Cly(g)
(R) 25€0,%" +5CIO;™ + 2H* . 2Se0,*” + 5Cl, + H,0
2Se0,%” + 5CI0;™ + H,0 - 2Se0,” + 5Cl, + 2H*
(c) 5Se0,%" + 2CIO;™ + 2H* . 55e0,% + Cl, + H,0
5Se0,2” + 2Cl0,™ + H,0 — 5Se0,2” + Cl, + 2H*

Which is the correct balanced equation for the following
reaction in basic solution?
ClI" +NO;™ - CIO™ +NO

@ 2H,0 + 3CI” + 2NO3™ - 3CIO™ + 2NO + 40H"

20 + 3CI” + 2NO;~ - 3CIO™ + 2NO + 20H"

20 + 3CI” + 2NO;~ - 3CIO™ + 2NO + 40H"

©
@ 2H* + 3CI” + 2NO;™ - 3CIO™ + 2NO + H,0

H
H
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Q)

§2A1+3Cu?* - 2AP" + 3Cu _a J4iii Ligiiall po

3 i 2@

6 @ 5 @
s 3Cu + 8HNO; - 3Cu(NO,), + 2NO + 4H,0 Jelaill _a
fdatan gjlc

2+ JI5+ (o gagsigill awsly (B)

0 JI 1+ g0 gragjapll 2uwsy

2+ J10 g guhill giaf (©)

2+ J10 o gulaill awalig 2+ I 5+ 9o gragsidll Jiag (o)

;gL JIfiadlg dawaill Llelai lani cuhel 13) Q
(Bawai) Sn?* - Sn** + 2
(JIfial) Au®t +3e" - Au
lgiany sill Au®* g Sn2* aligyi alacil Liaill aall ga Lo
" sanila aligial] Ly Wl Jelaill
Sn2+=2gAu3+=3 Sn?*=3gAud* =3
Sn?*=3gAu** =2 (D) Sn?*=1gAu* =1 (c)

dangnll dalnll digall dlalenll (g damaill Jelai wni Lo

) Saliai

2Na(s) + Cly(g) = 2Na* + 2CI~
Cl+2e” > 2CI" (&)
Na-Na*+e™ (c)

Na*+e - Na

2CI" > Cl +2¢” (D)

Bawaill dalen gjgl Jelaill cani déyph pladiwl aic
dhleall L& il oo i sanall Jglaall La olial Jljislg
Sdauanll digjgall
ClO;™ +S0, - Cl™ +S0,2”
3S0, + ClO;™ + 3H,0 - 380,%™ + CI™ + 6H*
380, + CIO;™ + 6H" > 3S0,% + CI” + 3H,0 ()
2S0, +3Cl0,;™ + 6H* - 250,2” + 3CI~ + 3H,0
280, +3CI03™ + 3H,0 250, +3CI" + 6H* (D)

JIjiadlg dawaill ailelai gjgl Jelaill wni ddyyh pladimb
Joboll a Ll Jelaill @aganll digjgall dlaleall In
fanall
Cl (ag) + NO3 (ag) = ClO™(ag) + NO(g)
3CI™ +2NO3;™ + 2H* -» CIO™ + NO + H,0
2CI~ +3NO;™ + 2H* - 2CIO™ + 3NO + H,0
3CI™ +2NO;™ + 2H* -» 3CIO™ + 2NO + H,0 @
ClI"+NO5;~ +H* - CIO™ + 2NO + H,0 @

Jglan L alial Jelaill digjgall dlalenll La Lily Lao si e
ﬂsn.na
Se0;% (aq) + C10;™(aq) = S€0,% (aq) + Cly(g)

2Se0,%™ +5Cl0;™ + 2H* - 2Se0,2” + 5Cl, + H,0 ®

2Se0,2” +5Cl0;™ + H,0 - 2Se0,2” + 5Cl, + 2H*

55e0,%" +2CI0;™ + 2H" - 55€0,% + Cl, + H,0 ()

55€0,%" +2CI0;” + H,0 — 55€0,™ + Cl, + 2H* (D)

A Ll Jelaill Gayanll digjgall dlaleall ga Ll oo (si a
Ssacld hug
CI"+NO5;” - CIO™ +NO
2H,0 + 3CI” + 2NO;™ —» 3CIO™ + 2NO + 40H"~
H,0 +3CI” + 2NO3™ - 3CIO™ + 2NO + 20H" (B)
H,0 +3CI™ + 2NO;™ —» 3CIO™ + 2NO + 40H" @
2H* +3CI™ + 2NO5™ - 3CIO0™ + 2NO + H,0 (D)
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Regarding the cell in the figure (Cu electrode in CuSO, solution,
Zn electrode in ZnSO, solution, salt bridge, lamp), which of the
following is incorrect?

@ A salt bridge allows ions to pass from one side to another

This cell converts electrical energy to chemical energy

@ A spontaneous redox reaction takes place

Electrons flow through the wire from the oxidation half-reaction to the

reduction half-reaction

Mock Exam 2 — 2 sujaill juisul
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

dglnn,_.puubju.hn)d.huul‘_pa:ng.nlla;bjhlg].v.um
6I (alunn ,daln aphid .ZnSO, ng.l:n.l:iL_,;:lu-l.r.'njlau]m:l.CuSO4
fann i Lililan

&l Jlaga go aligill jgyn dnlall aphiall anwi ()

ity ddlh I aiibygall adlall ausll oaa Jgai (s)

ailali Jljislg dawal adne ¢nai ()

Jiiadl Jelai JI ani I aawa il Jelai go ellwll e aligialdl Jaiii @

Lanill

What prevents the redox reaction from producing electrical
energy in the voltaic cell shown below?
@ No way to transfer electrons
lons build up around the electrodes
No bulb or voltmeter

@ Mixing the two solutions with each other

._,pu.uhj.gbu.ulbdlpaulgn:mbuld.dmawlUg:\dga.ltsallLn
Solial dangall auilgall auall

aligrialyl Jail ddph aagi Ul ()

Jlhaill Jga aligdll palyi (8)

Junilga gl gino aagy U ()

el lngrel go (uighnll bilisl (D)

When a solid copper wire is put into a solution of silver nitrate, a
substance precipitates on the copper wire and a blue solution
forms. Which of the following is correct?
Blue solution: copper(ll) nitrate; reduction: Cu?* + 2e~ - Cu;
oxidation: Ag — Ag* + e”; metal deposited: silver
. Blue solution: silver nitrate; reduction: Cu - Cu?* + 2e~; oxidation:
Ag* + e~ - Ag; metal deposited: copper

@ Blue solutlon. copper(ll) nitrate; reduction: Ag* + e~ — Ag; oxidation:

Cu - Cu?* + 2e”; metal deposited: silver

Blue solution: silver nitrate; reduction: Ag — Ag* + e”; oxidation: Cu?*

+ 2e” - Cu; metal deposited: copper

Under what conditions are standard reduction potentials
measured?
25 °C, 1atm, and 1 M ion solution
100 °C, 100 atm, and 0.1 M ion solution
0 °C, 0.5 atm, and 0.5 M ion solution
@ 1°C, 1atm, and 1 M ion solution

Regarding the standard hydrogen electrode shown below, which
of the following is incorrect?
Hydrogen gas H, is bubbled into the solution at a pressure of 1atm
and a temperature of 25 °C
The standard reduction potential equals 0.000 V
The standard hydrogen electrode always acts as a reduction half-
reaction
@ Platinum electrode immersed in 1 M acid solution

e What is the standard cell potential (E°cell) for the redox reaction
between cobalt and copper?
CO2+<aq +2e” - Co(s) E°=-0.28V
cu?* (aq) + 2~ - Cu(s) E° = +0.3419 V
+0.622 V +0.062 V

-0.622V @ -0.062 vV
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M

u.u.uj-u a.n.aJIuIﬁudgb.nl_puJ.njluubJJlu.ndLug.ngm
il Lan si.ggll G)ji Jglan ggaiig yulaill ellw e dala
Saan
:0wadll :Cu?* + 26 - Cu:JIfiadl (i) ulaill clyis ngJ.IJInga.n.II @
anall :cupioll jlall :Ag » Ag* +e”
;62w 4 1l (Cu - Cu?* + 2e™ Il ianall ailyisi gyl Jglaall
ool :unpinll jlall :Ag* + e” - Ag
:Aunaill iAgt + e” - Ag Il (I gulaill alyi il Jglaall
anall .ol jlall :Cu - Cu?* + 2e”

:0am4illAg - Ag* + e :JIfaul anall alpi égJJ_IJIL]gJ;u:\Jl ®
gulaill :cunpioll jlall ‘Cu“™ + 2e” = Cu

‘wuudldlmulaggawuammpusdlmgjbllb @
1 MUJgJILJgJa.n Tatm. 25 °C

0.1M _,ig)i Jglan, 100 atm ., 100 °C

05M _jgil Jglan,0.5atm.0°C (C)

1M _igif Jglan . 1atm, 1 °C (D)

Sl 1nn si.alial 2agnll Swldll gragjugll uhdy §lei) loga
falan fié

25 °Cajlp agyag 1atm aic Jghall LA H, giagjugll jlc any (a)

0.000 V (sgluy (swldll JIjiall aga 9

Loila Lani il Jelai aling ggay swlall gagiugll aha ()

1 M ojtayi sana Jglao A jgagn gl uha (b)

JIjiadlg dawaill Jelail (E°cell) duilgall &uall swbidll agall Lo e
spulaillg aligall gu
Co0?*(aq) + 2e” = Co(s) E° = -0.28 V
Cu?*(aq) + 2e” = Cu(s) E° = +0.3419 V

+0.062 V +0.622V @
-0.062 V @ -0622V @
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@ Which of the following represents the cell notation for the
voltaic cell consisting of aluminium and copper electrodes?
ARt + 3e” _ AIE° = -1.662 V
Cu?* +2e~ - CuE°=+0.3419V
() culcu® || AP | Al Al| AR* || cu?* | Cu
(© AP*|Al]| cu|cu® (®) cu**|cul| Al| AP

A cell is made of Co?*/Co (E° = -0.28 V) and Pt?*/Pt (E° =
+1.18 V). Which statement is correct?
o Pt is the anode, E°cell = -1.46 V
9 Co is the anode, Pt is the cathode, E°cell = +1.46 V, the
reaction is spontaneous
Co is the anode, E°cell = +0.90 V
Co is the cathode, E°cell = +0.90 V

What is the similarity between the two cells below?
An oxidation-reduction reaction occurs
e A nonspontaneous reaction occurs
o A neutralization reaction occurs
o A spontaneous reaction occurs

Mz M

Mock Exam 2 — 2 (su il jlisul

@)

uLh.aILj.nugbu,Sma.ng.aJlaJJaJIJ-ijdJ.m._JJLn.néI

Syulaillg pg.u.nJ.lJI
APR* 43¢ > AIE° =-1.662 V

Cu?* +2e" - CUuE® = +0.3419 V
Al| AR || cu** | Cu (B) Cu|Cu?*||AP*|Al (a)
Cu®*|Cul||AI|AP* (D) APR*|Al||Cu|Cu®* (¢)
Pt2* /Pt (E° = +1.18 V) g Co?*/Co (E° = -0.28 V) (Jn dula
fdan gjlc sl

E°cell = -1.46 V g 22nnll Pt
(®

ujLa.IJ,J.cLa.lJIg E°cell = +1.46 V g hugnll Pt g aennll Co

E°cell = +0.90 V g aennll Co
©

E°cell=+0.90 V g hignll Co

Saliai gridall Ju auidl aag Lo
Jlfialg dawal Jelai éigan
wildli pé Jelai éigan
Jalei Jelai éigan (¢)
Lildli Jelai ¢igan (D)

mMzn® meu?

A Zn/Cu voltaic cell (E°cell = +1.10 V) is connected opposite
to a 1.50 V source. Which half-reaction occurs at the Zn
electrode?

Zn - Zn?* + 2e”

@ Cu - Cu?* + 2e”

Which half-reaction describes the cathode in the
electrolysis of molten NaCl?

(&) 2CI" - Cl, + 2¢” Na*+e - Na

(c) Na - Na* +e” (p) Clp +2e” - 2CI°

Which statement is true about the electrolysis of aqueous
NaCl?

Sodium metal forms at the cathode

Cu?* +2e” - Cu
@ Zn?* + 2e” - Zn

Hydrogen forms at the anode
Oxygen forms at the cathode
@ The solution near the cathode becomes basic

The figure shows an object (a fork) being silver-plated in an
electrolytic cell containing AgNO, solution. Which of the
following is correct?

@ The object to be plated is the anode

The metal used for coating is the cathode
Silver is oxidized to silver ions at the anode
o Silver is oxidized to silver ions at the cathode

Jann gube) dlng (E°cell = +1.10 V) diilgd Zn/Cu daua
§Zn whi aic énay Jeldi wni si.1.50 V oaga

Cu?* +2e > Cu (®) Zn - Zn?* + 2e” (™)
Zn?* +2e" > Zn (p) Cu - Cu?* + 2e” (©

"NaCIjg.g.n.nd.th‘_.pr.g.nJIm.an.chm.m,_sl
Na* +e” —>Na‘ 2CI" > Cl, + 2e”

Cl,+2e > 2CI" (D) Na-Na*+e™ (c)

$NaCl Jglanl Lilipgall Jalaill gc dagan dlc i
hignllaic pgiagnll jla ggail
aenallaic Jagiugll ggail
hugallaic grawsil ygai (c)
Lacld higall ayé Jglaall ainy (D)

a.l.ngﬁbJIa.lJ:-!_.pa.n.aJlJ(abg.m)punchh Jauill anhgy
Sa1an Lili lon 1 .AgNO; Jglan Lle (Ssgiai
agilll ga aguh aljall puall ggau (a)
agilall ga ay cllll alpall jlall gg4ay ()
2gidll aic anall aligil ] aaall awslii
agilall aic aaall alig | dnall awalii (p)

AgNO,(aq)
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Which of the following is correct in relation to the reaction
below?
2Mg(s) + O5(g) —~ 2MgO(s)
The magnesium Mg atom lost electrons and was oxidized
Oxygen O, gained electrons and was oxidized
@ Oxygen 0O, lost electrons and was oxidized
@ The magnesium Mg atom gained electrons and it is reduced

Which statement correctly defines oxidation number?
The number of protons in the nucleus of the atom
A number assigned to an atom or ion that indicates its degree
of oxidation or reduction
@ The number of valence electrons in the atom only
@ The number of atoms in one formula unit

Which statement is always true about the oxidizing agent in
aredox reaction?
Its oxidation number increases
Its oxidation number decreases
@ It loses electrons
@ It is oxidized

° In the reaction Ni + Cu?* _ Ni?* + Cu, which statement is

correct?
@ Ni is reduced and Cu?* is the reducing agent
Ni is oxidized and Cu?* is the oxidizing agent
@ Ni2* is the oxidizing agent
@ Cu is oxidized

Which of the following is the reducing agent in the
following reaction?
2Ce(s) + 3Cu?*(ag) - 3Cu(s) + 2Ce3*(aq)

(A) Cu (&) Cu*
(c) Ce (o) ce**
Which of the following was oxidized in the following

reaction?
2Na + 2H* - 2Na* + H,

o Na o Na*
(o H* (® H,

o In which of the following formulas does the oxidation
number of oxygen differ from that in the other formulas?

(a) NO, () NO
(c) H,0 (o) H,0,
What is the oxidation number of Cr in K,Cr,0,?

+7 +3
@ +6 @ +12

What is the average oxidation number of sulfur in the
tetrathionate ion, S,042"?

o +2.5 e +2
© +3 ® +
How many moles of electrons are transferred when 1 mol of

Cr,0,%” completely oxidizes Fe?" in acidic solution (Cr: +6
- +3)?

(a) 3 (8) 2
) 6 (o) 14
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Q)

Solial Jelailly §lei Loga aJJ.DUJU Lon 6I 0
2Mg(s) + O,(g) » 2MgOJs)

ém.ubiLg.IOng aligriall Mg pguuienll é)3 ¢ada @

6awal al dang wligrial] O, (o s il cuwisl

AawA4l al ¢aag wligrial] 0, w4l 2da

JIfdl Lp! ¢iaag wligrial] Mg pgruuieall dja cuwial (b)

Sluan Laygei awmalill aac wjeiéjlic v.Si 2

ajall dlgi (4 wligignll 2ac {X)

Lplljial gl lgiawal aay Lle Jagd ggidll g ajall gied aac (B)
haa ajall g galaill aligiial] 2ac (c)

donll daag La aljallaac (0)

Jelai (A awadall Jolell ge Lofla dauan &)lic ,5I e
sJlfidulg Aawalll

nawalinac alaj (»)
oawsliaac iy ()
aligiall aday (c)

Sduan djlic ,5IN|+Cu2+—>N|2++Cu Jelaill a
Jitanll Jolell ga Cu?* g Ni Jjia
am4dall Jolell ga Cu?* g Ni awali
awadnll Jolell ga Ni2* (©)
Cu awaliy ®

Sl Yelill i Jjisall galall ga i oo s o
2Ce(s) + 3Cu?*(ag) » 3Cu(s) + 2Ce3*(2g)

cu?* Cu @
ce®* @ Ce @

s Ll Jelaill L amali i lon (i e

2Na + 2H* - 2Na* + H2
Na*

Na@
H, (0) H* (o)

aic lalisn grauws il awaiiaac ggay ayllill gl si a
fewnll drdy A
NO NO, (a)

H,0, () H,0 (o)
$K,Cr,0; (A Cr amaliaac Lo
+3 ‘ +7
+12 @ +6 @
$,06%" Glligad el ggal LA Cuprall amali aac hungio Lo e
+2 +2.5 @
+6 @ +3 @
0 1 mol uubgy Loaic Jéiii aligfialyl go lign pb
$(Cr: +6 - +3) SAna hung _a [l4 Fe?* aligai Cr,0,%
3
6 (0
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In Fe + 2HBr - FeBr, + H, , which element is reduced

° and what is the net change per atom?
@ H:+1 - 0 (net-1)
e Br: -1 - 0 (net +1)
Fe:0 - +2 (net +2)
@ H:0 - +1(net +1)

When balancing redox equations using the half-reaction
method, the coefficients of the two half-reactions are
adjusted so that:
the number of electrons lost in oxidation is more than the
number gained in reduction
the number of electrons lost in oxidation is twice the number
gained in reduction
the number of electrons lost in oxidation is less than the
number gained in reduction
the number of electrons lost in oxidation equals the number
of electrons gained in reduction

Which of the following half-reactions are reductions?
(DAl - AP* +3e”(2) Cu** +e” - Cu* (3) 2F ~ F, + 2e”
(4) Zn?* +2e” - Zn

3and4 2and4
2and3 1and2

Using the half-reaction method to balance the following
redox equation, what is the correct balanced equation
for the reaction below? (in acidic solution)

Cry0,27(aq) + 17(aq) — Cr¥*(aq) + l(s)

(R) Cry0,% +6I™ + 14H* - 2Cr** + 31, + 7H,0

2Cr,0,2" + 21" + 14H* - 2Cr3* + 1, + 7H,0

© Cr,0,2” + 61" + 7H,0 - 2Cr3* + 31, + 14H*

® 2Cr,0,2" + 61~ + 28H* - 4Cr®* + 31, + 14H,0

Using the half-reaction method to balance the following
redox equation, what is the correct balanced equation
for the reaction below (in acidic solution)?

Cl™(ag) + NO3 (ag) — ClO™(aq) + NO(g)

@ 2NO;™ + 3CI™ + 2H* — 3CIO™ + 2NO + H,0

2NO;™ + 3CI” + H,0 — 3CIO™ + 2NO + 2H*
©

2NO,™ + 3CI™ + 3H,0 - 3CIO™ + 2NO + 2H*
(D) 2NO;™ + CI” + 3H* — CIO™ + NO + H,0

In the characteristic step for balancing redox equations
that take place in basic solution, what must be added to
equal the number of H* ions?
Number of H,0 molecules Number of electrons e~
@ Number of O, molecules @ Number of OH™ ions

The following redox equation is balanced in an acidic
solution. If it is balanced in a basic solution, how many
water molecules appear in the balanced equation?
5HSO; (ag) + 21057 (aq) — 55042_(aq) + 3H%(aq) + I,(s) + H,0
U}

2 (®3
(® 5

@

End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min
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Mock Exam 3 — 3 (sujadll jlisul

Q)

Log Jjiai paic si Fe + 2HBr - FeBr, + H, Jclaill _a
) &) Jal peill _aln

1)- Aln) 0 I 1+ o H ®

M+ Aln) 0 I 1- 9o : Br

2)+ _Aln) 2+ J10 gn:Fe (c)

1)+ Aln) 1+ J10go:H (D)

Wni ddyyh plaaiwl JIjiadlg dawaill adalen gjg aic
;099 Cuay Jelaill Lani ailalen hia piy,Jelaill
aligialyll 3ac go pal damalll g sagdanll aligiall :ac (A)
Jiiddl (g dunisoll
ailigialyll 1ac won dams il 4 dagaanll clighalyll aac
Jiiddl (g dunisoll
aligiialll 21 go Jal aanaill g dxgadnll aligiialll aac (c)
Jiad! (a auniaall
ailigiialyll sac (sgluy daws Tl s éagdanll aligialll aac ()
JIfadl _a apnianll
sJIfial La adlill Jelaill @lnil si e
(1) Al > AIP* +3e™(2) Cu?* +e" > Cu* (3) 2F > F, + 2e”
(8) Zn?* + 2e" = Zn
4g?2 4g3
291 (p) 392 (c)
Bawaill dalen Jjgl Jeldill wni ddiph plaaiwl
Jelaill Gayanll digjgall dlalenll Lo &ulill JIfiadlg
(sanall Jglanll _a) Salial
Cr2072_(aq) +17(@g) = Cr3+-(aq) +5(s)
Cry0,% + 61" + 14H* > 2Cr®* + 31, + 7H,0 (A)
2Cr,0,27 + 217 + 14H* - 2Cr3* + 1, + 7H,0
Cry0,% + 617 + 7H,0 - 2Cr* + 31, + 14H* (©)
2Cr0,%” + 61 + 28H* - 4Cr®* + 3, + 14H,0 (D)

dawaill dlalen Ujgd Jelaill cani ddiph pladiul
2 Jauiu digjgall dlalenll Lo &Ll Jljisdlig
S(.stanall Jglanll _4) alial Jelaill
Cl™(ag) + NO4 ™ (ag) » CIO~(ag) + NO(g)

2NO,™ +3CI™ + 2H* - 3CIO™ + 2NO + H,0 (a)

2NO;™ +3CI™ + H,0 - 3CIO™ + 2NO + 2H*

2NO;™ + 3CI™ + 3H,0 - 3CIO™ + 2NO + 2H* e

2NO;™ +CI"+3H* - CIO™ + NO + H,0 @

A sl allelai alalen gjgl djtanll dghall A
w2 Sall o, sacld Jglan 4 daj Sl Jljiadlg
SH* ailigyf aac sgluy (sia aidla)
e” aligrialll gnaac (B) H,0 alijja yn2ac (a)
OH~ uiligyi (40 22c Q O, uliija (jn2ac 0
Jglan _A digjgn dullill Jljisdlg A4 ill dlalen Q
aliyjaaac ps «52cld Jglan L4 lgijg pilila . sAna
tdigjgall dlalenll _a clall
5HSO; (ag) + 21057 (ag) = 550,42 (aq) + 3H*(ag) + lo(s) + H,0
(0]

3 (B) 20,
5 4 ()
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@ In the voltaic cell shown in the figure (Zn | ZnSO, and Cu | CuSO,, KCI
salt bridge, lamp), which of the following statements is true?

@ Uses electrical energy to cause a chemical reaction

Electrons move through the salt bridge to the copper side

Positive zinc ions build up around the zinc electrode

O

The wire can serve as a pathway for electrons to flow from the zinc strip
to the copper strip

Mock Exam 3 — 3 (sujadll jlisul

Q)

.CuSO, | Cu g ZnSO, | (Zn Jauiull g daigall dyilgall &uall g

Sdaan dlill aljuell i alao KClaaln phis
(Alnus Jelai ¢lany ailypall adlall paaiwi (&)
pubaill d4ga JI ilgng dnlall ajhidl jic aligrialyl diii (8)
gojall ilygall ahall Jga angall gunylall aligil paliii (9)
pubaill agl I guoylall agl ga aligrialll JLaiil juuns dlull Jooy ()

mzne

Which of the following is correct regarding voltaic cells?
1) Oxidation takes place at the anode and reduction takes place at the

cathode
2) Electrons transfer from the oxidizing electrode to the reducing
electrode
3) Oxidation takes place at the cathode and reduction takes place at
the anode

Only 1 (e) Only 2

Tand 2 2and 3

Whlch of the following is the cathode in the voltaic cell shown below?

oFd

Zn

8

Sayilgall Luall @leiy Lowd aan Ll oo i
agilall aic Jijiaul ¢1224g agidll aic Aawaill ¢aai)

Jit sall abhdll :.u.lbLu Sl dhdll go aligraldl Jaiid 2)

agilll aic JIfiadl &angg agilall aic AawmAa il ¢aai3)

b.CLCIZ l:u:u:l‘l@

392 (p) 291 (©
Salial daAgall dyilgall &all LA agilall ga Ly oo (si

Zn () Ag (©)

Which metal ion is most easily reduced?
Pt?* + 2e” 2 Pt (+1.18 V)
Fe** + e 2 Fe?* (+0.771V)
Hg?* + 2e™ = Hg (+0.851V)
Cu?* +2e” = Cu (+0.3419 V)
Cu2+
Fe3+

Pt
ng+

Using the standard hydrogen electrode (Pt electrode, H, bubbles at 1
atm, 1M acid) and the half-cells Cu?*/Cu (E° = +0.3419 V) and Zn?*/
Zn (E° = -0.7618 V), which statement is correct?

The standard reduction potential (E°) of the standard hydrogen electrode
is defined as 1104 V

The standard reduction potential (E°) of the standard hydrogen electrode
is defined as 0.000 V

(©) It will be a cathode when connected to a Cu | Cu?* electrode

@ It will be an anode when connected to a Zn | Zn?* electrode

What is E°cell for the reaction Hg?* + 2Cu* . Hg + 2Cu?* (E° Hg?*/Hg
= +0.851V; Cu?*/Cu* = +0.153 V)?

-0.698 V, spontaneous

+1.004 V, non-spontaneous

+0.698 V, spontaneous

+0.698 V, non-spontaneous

Which of the following represents the cell notation for the voltaic cell
consisting of magnesium and lead electrodes?
Pb?*(aq) + 2e”  Ph(s) E° = -0.1262 V
Mg?*(aq) + 2e~ — Mg(s) E° = -2.372V
Pb | Pb?* || Mg?* | Mg (® Mg** | Mg | Pb | Po**
Mg | Mg?* || Pb* | Pb (® Pb?* | Pb || Mg | Mg**

QO o0 @ coes

ﬁ
R £ = 407906V A+
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salljial ¢y o dlggu faill sjlall ggudll Lo
Pt** + 2e“ =2 Pt (+1.18 V)
Fe3* +e™ =2 Fe?* (+0.771V)
Hg?* + 2e” = Hg (+0.851 V)
Cu?* +2e” = Cu (+0.3419 V)
Pt2+ Cu2+

®
Hg?* @ Fe3* @

aic H, dlelda,giily uhd) Subdll giag)augll vhd plaiiml
g Cu?*/Cu (E° = +0.3419 V) &uall ,anig (1M gana 1 atm
Sdauan aljell si.Zn?*/Zn (E° = -0.7618 V)

1104 V sgluuy Swlaill jogpupll ahdl (E°) swlall Jiisil aga (R)
0.000 V (sgluy Swliall (iagugl ahal (E°) Swldll Jijaul aga
Cu?* | Cu wihd gn alingiaic Iagils (g4l

Zn?*| Zn Uha go alingi aic Iagil yg4y

JHg?* +2Cu* - Hg + 2Cu?* (E° Jclaill E°cell Lo
S(Cu?*/Cu* = +0.153 V g Hg?*/Hg = +0.851 V
-0.698 V, spontaneous
+1.004 V, non-spontaneous
+0.698 V, spontaneous
+0.698 V, non-spontaneous

ubnlunugbugﬂl@gﬂlmﬂlmy@JJJm§l
Sualnllg pgrugicnll
Pb2*(aq) + 2™ - Pby(s) E° = -0.1262 V
Mg?*(aq) + 26" » Mg(s) E° = -2.372 V
Mg?* | Mg || Pb | Pb** Pb | Pb?" || Mg?" | Mg
Pb%"|Pb || Mg |Mg*" (p) Mg | Mg** [|Pb?" [Pb (c)

® 9 CEEE @ | e®
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acting as the cathode. What is the other half-cell?
@ Na*/Na (-2.71V) Li*/Li (-3.04 V)
(©) AP*/AI(-1.662 V) (D) Mg**/Mg (-2.372 V)

Which of the following is true for the two cells below?
Cell (1) converts the electrical energy into chemical energy
A spontaneous redox reaction occurs in cell (2)
@ Cell (2) converts chemical energy into electrical energy
@ A spontaneous redox reaction occurs in cell (1)

3 suadlljuisal

Mock Exam 3 — 3 sujaill juisul
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

A cell has E°cell = +3.89 V and one half-cell is Pt?*/Pt (+1.18 V)

Lo .hign Pt2*/Pt (+1.18 V) &l winig 3.89 V+ Lgl E°cell dula

Spall alall @i
Li*/Li (-3.04 V) Na*/Na (-2.71V) @
Mg?*/Mg (-2.372 V) @ AR*/AI (-1.662 V) @
Snlj:i(j-“ﬂ'._[b]l.!@.vj,[mmyand,l_m‘si
auiling adlh ) ailygall asthll (1) péy adall Jgai
Lildli Jljialg dawal Jelai (2) pd) adall a ¢y
ailygs adlb ] adlouall dalall (2) pdy aall Jgai (o)
LAldli JIjialg dawal Jelai (1) pd) adall a ¢y @

‘ Mz ’ meu

Regarding the cell in the figure (Zn and Cu strips joined to a
voltage source, with a salt bridge), which of the following is
correct?

The reaction continues until the zinc strip is used up, and then the

reaction stops
Oxidation takes place at zinc electrode
(c) Reduction takes place at copper electrode

Q The external power supply (voltage) works on cell regeneration
and the cell returns to almost its original strength

Ullngn Cu g Zn Uhd) Jauill (A daignll il Gleis lnia
fa1an il oo Sl (@4aln djhid go aga ooy
Jelaill cadgiy ai oyl ahd ellgiug S Jelaill iy (&)
nylall ahd aic dGawal dlnc ¢aai
wulaill ahd aic JIfal ¢aay @
ageig &ulall 2231 e oylall (ilygall agall) délhll ano Joey (D)
Luydi alnill Lgiga I aulAll

Why is CaCl, added to the molten NaCl in the Downs cell?
@ To make the reaction spontaneous

To increase the voltage required

(c) To reduce Na* instead of CI”

@ To lower the melting point of the mixture

Aqueous Na,SO, is electrolyzed. Which row gives the product
at the cathode and at the anode?

Cathode: Na ; Anode: SO, e Cathode: Na ; Anode: O,
© ®

Cathode: O, ; Anode: H, Cathode: H, ; Anode: O,

The figure shows a key being electroplated with copper in an
electrolytic cell (Cu electrode connected to the battery's
positive terminal). Which of the following statements is true?

(a) Copper is oxidized to Cu?* ions at the cathode

Q Electrical energy is used to cause a redox reaction

The mass of the copper electrode increases

@ Reduction of copper ions occurs on the anode electrode

Sjigla & _a NaCl jggnn ] CaCl, wlij alal @
To make the reaction spontaneous
To increase the voltage required
To reduce Na* instead of CI~ @
To lower the melting point of the mixture @

hugall aic 2ilill hey wn si.Lilyga Na,S0, Jglan Jlaj
faennllaicg

SO, :aennll!Na:hignll @
H,:aennll: 0, :hugnll @

0, :aennll:Na:higall
0, :nennll!H, :hignll @

uhd) dridgsiall dulh 4 gubill alian cilh Jhaill ahgy
alill aljuell sl .(&)ladl aagall uhdll Jgnga yulaill
fdaunan

agilall aic Cu?* ailigil L) gulill awsliy (&)

Jialg dawal Jelai dilaay adlygall aalihll paaiwi

pulaill uha alia alaji @

®©

agidll uhé aic gulaill alighl JIFal ¢aay
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Which of the following statements is not true concerning the
complete chemical equation shown below?
2Mg(s) + O,(g) — 2MgO(s)

@ The reaction is an oxidation-reduction

No electrons are transferred between atoms

@ Electrons are transferred between atoms

@ Magnesium atom is changed to positive ion

a In the reaction 2K + Cl, — 2KCI, what happens to the oxidation
numbers?
K:0 - -TandCl: 0 - +1
K:+1 - 0andCl:-1- 0
@ K:0 - +Tand Cl: 0 - -1
@ Both stay unchanged

Which of the following is NOT true about X in the figure shown
below?

X loses electrons
Xis the oxidizing agent and becomes reduced
@ The oxidation number of X increases
@ Xis the reducing agent and becomes oxidized

Mock Exam 4 — 4 sujaill juisul
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

dyilingall dalenlly Gleil loyd dagan pé @il aljlell g,i G
Solial Garigall dlolall
2Mg(s) + O,(g) = 2MgO(s)

Jijisl - dawsl ga Jelaill ()

alall gy aligral] Jéiii o

alall gy alighaldl Jaiis @

wago ggif I pguuieall éj3 Jgaii (D)

Sawalill alacil &aay 13k 2K + Cl, - 2KCl Jelaill _a
1+ JI0gn:Clg1- JI0gn:K
0l 1-gn:Clgo Jl 1+ o K
1-Jlogn:Clg 1+ JI0gn:K @
jigi yga lnals Lay (o)

Salial Jaudll A X Jga a0 pé Ll Lao (si
aligiall ada) X
Jiialg am5gn Jole X
alajy X awalinac @
aunslig Jjiao Jole X (D)

Which species is the oxidizing agent in 2Al + 3Cl, - 2AICI;?

A|3+ AICI,
© Al ® ¢l

e In the reaction Cl, + 21~ - 2CI” + I,, which is the oxidizing agent
and which is the reducing agent?
@ Oxidizing agent: I”; reducing agent: Cl,
Oxidizing agent: Cl,; reducing agent: I
Oxidizing agent: CI~; reducing agent: I,
@ Both are oxidizing agents

What is the change of the oxidation number of chlorine in the
following balanced chemical equation?
2KBr(aq) + Cly(g) - 2KCl(aq) + Br,()

@ From O to -1 From -1to 0
@ From 0 to -2 @ From -2to 0

What is the correct descending order of the following formulas

according to the oxidation number of oxygen in each of them?

H,0,-H,0-0,-0F,
@ H,0 - OF, - H,0, - O,
@ 0, - H,0, -~ OF, -~ H,0

OF, - 0, - H,0, - H,0
(® H;0 - H,0, - 0, - OF,

° In which of the following formulas is the oxidation number of
manganese the greatest?
MnCl, MnO,

@ KMnO, @ K,MnO,

What is the oxidation number of oxygen in hydrogen peroxide,
H,0,?

® 2 ® 0
©* ©
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$2A1 + 3Cl, > 2AICI; LA auadall Jolell ga ¢gi Sl
AlCl, Al
cl, (o) AP (©)

Logyig aunagall Jolell Lagyi Cl, + 217 - 2CI™ + 1, Jelaill _a
sdjianll

Cl, JjianligI” awagall (a)

I” Jfiaallg Cl, amagall

I, Jianllg CI™ awagall @

aw4ga Jole lnads (p)

aigjgnll duilinyall dlalenll i jglall amsiiaac a peill Lo

sauLill

2KBr(ag) + Cl,(g) = 2KCl(aq) + Br())
0l 1-yo (B) 1-Jloga (A)
0l2-yo (D) 2-Jloyn (©)

awaii 2ac quua ayLill guall aanll Ll il Lo
Slgin J& A bl
OF, - 0,-H,0 - H,0,
H,0 - OF, > H,0, - 0, (&)
0, - H,0, - OF, > H,0 (¢)

OF, >0, -»H,0, - H,0
H,0 - H,0, - 0, OF, (D)

040y Lo pal jriainll awsiiaac ggay aylill gunll si La
MnO, MnCl,
K,MnO, (p) KMnO, (c)

§H,0, Jtagjargll aunai Gga A grawsill amaiizac o g
-2

0 (®)
-1 () +1 (©)
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In 2H,S + SO, - 3S + 2H,0, which statement is correct?
@ S in SO, is oxidized and S in H,S is reduced
Oxygen is reduced from 0 to -2

2 e” are transferred

Sin H,S is oxidized (-2 - 0) and S in SO, is reduced (+4 - 0); 4
e~ are transferred

a In 2Fe®* + Sn?* . 2Fe?* + Sn**, which species is reduced and
what is the change in its oxidation number?

Fe®*:+2 -, +3
(® Sn%* 1 +4 42

e 43 L +2
(c) sn**:+2 - +4

When balancing half-reactions of a redox equation using the
half-reaction method in acidic solution, H,0 molecules are used

to balance:
@ oxygen atoms hydrogen atoms
@ electrons e~

@ OH™ ions

@ In the redox reaction below, what represents the oxidation half-
reaction and the reduction half-reaction?
2Br~ + Cl, - Br, + 2CI”

@ Reduction: Cl, + 2e~ — 2CI" | Oxidation: 2Br~ - Br, + 2e~
Reduction: Cl, - 2CI~ + 2e” | Oxidation: 2Br~ + 2e~ - Br,

Reduction: 2Br~ - Br, + 2e” | Oxidation: Cl, + 2e™ - 2CI"
@ Reduction: 2Br~ + 2e~ - Br, | Oxidation: Cl, - 2CI™ + 2e~

Which is the correct balanced equation for the following
reaction in acidic solution?
HCIO; - CIO, + HCIO, + H,0
2HCIO, - CIO, + HCIO, + H,0
3HCIO, - CIO, + 2HCIO, + H,0
@ 3HCIO; - 2CIO, + HCIO, + H,0
@ 4HCIO; - 3CIO, + HCIO, + 2H,0

HSO;™ +10;™ - SO,% + 1, is balanced in acidic solution. What is
the balanced equation?
(R) 2HSO;™ +5105” — 250, + 3H" + I, + H,0
5HSO,™ + 210,™ + 3H* - 550, + 1, + H,0
HSO;™ + 105" — SO, + 1, + H*
() 5HSO;™ +210;™ — 550, + 3H* + 1, + H,0

Which statement describes the final step in balancing a redox
equation in basic medium?
H* is neutralized by OH™ and the equation is checked for atoms and
charge
Electrons are added to the product side
Oxidation numbers are re-assigned

(D) H0 is removed from both sides always

The following chemical equation is balanced in acidic solution:
MnO,(s) + 2Br~(aq) + 4H* -, Mn?*(aq) + Br,(g) + 2H,0()

When this equation is balanced in basic solution, what is the
number of OH™ ions that must be added to both sides of this
equation?

® 4 ® 3
© 2 Ok

The study of the redox processes by which chemical energy is
converted to electrical energy and vice versa is called ...........

@ Electrochemistry Organic chemistry
@ Nuclear chemistry @ Physical chemistry
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S@agan aljlell si2H,S + SO, - 35 + 2H,0 Jelaill _a
H,S _a'S Jjiaig SO, _a S amaliy
2- 10 g grawaill Jjiag

ligriall J4iii (c)
4 J4iiig SO, (+4 — 0) LA S Jjiaig H,S (-2 = 0) LA S awAli
aligsial]
neill Log Jjiaj ggi i 2Fe* + Sn?* - 2Fe?* + Sn** Jclaill _a
Soawali aac A
Fe3+:+2—>+3 Fe3*:43 - +2
Sn?* 44— 42 @ Sn?t 42 - 44 @

ddyh plaaiwl JIjfiadlg dauaill dlen Jeldi Lani gjg aic
H,0 alisja plaiiwl pi) 4 sAnall Jglanll L4 Jelaill dani

0jgl
gl alja Al alja @
e aligiialll (p) OH~ ciligyl ©

Jelai ani Jing Sall o .olial JIfaUlg dawaill Jelai A
sdljiaddlg Aawalll
2Br”™ + Cl, -» Br, + 2CI~
2Br™ - Br, + 2e” a5l | Cly + 27 - 2C17 1 JIfiall (A)
2Br +2e” - Br, :a241ll | Cl, —» 2C1™ + 2e™ JIjiadl
Cl, + 2e™ = 2CI™ 32wl | 2Br™ - Br, + 2e™:JIjiadl @
Cl, = 2CI™ + 2e” 32wl | 2Br™ + 2e” - Br, i JIjiadl @
f.stana hiug

HCIO; - CIO, + HCIO, + H,0
2HCIO; - CIO, + HCIO, + H,0 (R)
3HCIO; - CIO, + 2HCIO, + H,0
3HCIO, - 2CIO, + HCIO, + H,0 ()
4HCI0; - 3CIO, + HCIO, + 2H,0 (D)

A JLill Jelaill Gapanll dgigjgall dblenll ga i oo i

Lo .sB02 huug A HSO,™ +10;5™ = SO,% + 1, dlaleall Gijg
Sdigjgall dlalenll

2HSO;™ +5105™ - 2S0,%” +3H" +1,+ H,0 (a)

5HSO,™ +210,™ + 3H* 580, +1,+ H,0

HSO;™ +103™ 2 S0,*" + 1, +H* (¢)

5HSO;™ + 2105 - 550, +3H" +1,+ H,0 (D)

Y@nLﬁb.mggﬁ&JaLv.n ajgl:.,dﬁn_jﬂlﬁghﬂluﬁ.niﬁjuc §i 16
dinudillg aljall gali pi OH™ g H* Jalei )

Qilgill J] alligialdl wlai (B)

awalill alach uei alef @

[nila (raghll o clall caanf @

1SAana Jglan A digjgn dullill duilinysll dlaleall Q
MnOz(s) +2Br (ag) + 4H* » Mn%*(aq) + Br,(g) + 2H,0()
Sill OH™ ung.I| 2ac o, Sacld Jglan A dlalenll 0da gjg aic
tdhlenll cda _Ajh ] Lgiala] aag

3(®) “®

O, 2©
&.ﬁLbJILj._[gaj'LgJﬂipjgls'iJIgdlj-i'julgﬁnmbﬂlv.“JL_l_.Ln.cﬁ.ij: G
............... o guaellg dyilygs délh I dsilingall
dighrell clingal alygall cliniall ()
alijpall chogall (D) duggill clinsall (c)
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How do electrons transfer in voltaic cells?
@Through the salt bridge from anode to cathode
Through the salt bridge from the reduced electrode to the
oxidized electrode
@ Through a metal wire from the reduced electrode to the
oxidized electrode
@ Through a metal wire from anode to cathode

An iron plate is placed in CuSO,(aq). Which process
occurs?
Oxidation of Cu2*
Reduction of Fe
(©) Reduction of cu?*

@ Nothing happens

and deposition of copper

Which metal ion is most easily reduced?
Fe2* + 2e” 2 Fe (-0.447 V)

Au®t + 3e” = Au (+1.498 V)

Ni%* + 2e” = Ni (-0.257 V)

Cu?* + 2e” = Cu (+0.3419 V)

Fe?* Au®*
@ Ni2* @ Ccu?*

When a Cu?* | Cu electrode is connected to the standard

hydrogen electrode as shown in the figure (E° = +0.342 V

), which of the following is a reduction half-cell reaction?
(A) Cu**(aq) + 2™ ~ Cu(s) Cu(s) - Cu?*(aq) + 2€~
@ H,(9) — 2H*(aq) + 2e~ @ 2H*(aq) + 2™ - Hy(q)

Mock Exam &4 — & (S il jlisul

Q)

"a.l.ng.uJIu.lJ_'uI,_,uungﬁbJ.yld.a.Ll.l-.u.lb 19

agilall I agidll go anloll aphidll je R)

i Sl bl ] Jjisl sl uball o dalall éghidll e (8)
28l sl whall I Jiisl sall ahall go sila el e
agilall Jagidll o (sjila el jie

©

S¢naidylac si.CuSO, Jglan (4 231 dagan
) T cu? éaws
Fe Jljia
wulaill cungig Cu®* Jljia

il ()
LLSL'LICDJ._I_.IJ@
@

_6_"

falljial ¢ua (o dlggu 4l SHall Jgadll Lo
Fe?* + 2e” = Fe (-0.447 V)

Au®* +3e” = Au (+1.498 V)

Ni2* + 2e” = Ni (-0.257 V)

Cu?* +2e” = Cu (+0.3419 V)

Au3+ Fe2+
Cu2+ @ Ni2+ @

Swbdll SIJJQJJJ.BJ| uhidll Cu| Cu?* uhd Jungiaic
Lj.clmn_v.lul.llnntsl (E° = +0.342 V) Jaull ahgn lns

Seanill Jladl
Cu(s) » Cu?*(ag) + 2e~ Cu?*(ag) + 2e” = Cu(s) @
2H*(aq) + 2e” > Hy(g) (D)

H,(g — 2H*(aq) + 2~ @

H. gas, 1atm

E°=+0.342V

1MH*(aq) - 25 °C

A voltaic cell consists of the following half-reduction
reactions. Which of the following is correct?

Ag* +e = AgE° = +0.7996 V
Cr3* +3e = CrE°=-0.744V
@ Anode: Ag; Cathode: Cr; E°cell =
Anode: Cr; Cathode: Ag; E°cell =
@ Anode: Cr; Cathode: Ag; E°cell =

Anode: Ag; Cathode: Cr; E°cell =
nonspontaneous

+0.0556 V; spontaneous
+1.54 V; spontaneous
-1.54 V; nonspontaneous
-0.0556 V;

E°(Fe®*/Fe) = -0.037 V and E°(Pt?*/Pt) = +1.18 V. Which is
the correct cell notation and E°cell?

(a) Pt|Pt?* || Fe*" |Fe; -1.217V

Fe | Fe3* || Pt?* | Pt; +1143 V

(o) Pt | Pt?* || Fe3* | Fe; +1.217 V

@ Fe | Fe3* || Pt?* | Pt; +1.217 V

E°cell of a voltaic cell is +0.47 V and E° of the cathode
half-cell is +0.34 V (Cu?*/Cu). What is E° of the anode

half-cell?
@ +0.81V -013V
@ -0.81V

@ +0.13V

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan

1M Cu?*
Culcu?*

adlill aanill Jljadl Gllclai Jo diilga dils Ug.‘_'u.l
falan l=.,.|L| lan 6I
Ag*+e = AgE° = +0.7996 V
Cr3* +3e" = CrE° =-0.744V
iLali 10,0556 V+ = dylall aga (Cr:agilall tAg :agilll
© Lilali 11,54 V+ = aulall apa 1Ag agilall (Cr agidll
(ALl e 1154 V- = aulall aga 1Ag agilall :Cragilll ()
iLali ji¢ 10.0556 V- = aulall aga Cr:agilall :Ag :agidll

@
®

oy sl .E° (Pt**/Pt) = +1.18 V g E° (Fe®*/Fe) = -0.037 V
faran E°cell g dua
1.217 V- :Fe|Fe®" || P** | Pt ()
1.143 V+: Pt| Pt?* || Fe3* | Fe
1.217 V+ :Fe | Fe3* || Pt?* | Pt

1.217 V+ ! Pt| Pt?* | Fe®* | Fe @
+hugoll @nil E° g 0.47 V+ = duilga dual E°cell e
€aenall wnil E° Ln .0.34 V (Cu?*/Cu)

-0.13V (B) +081V (a)
-081V +0.13V ()
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Which of the following is true for the two cells in the sdaunll ,_4: Jgridall gleiy loid aian ,_J.l lon ,5i
figure? i

@ In cell 1the reaction is spontaneous
Cell 2 is an electrolytic cell and converts chemical energy to

. 26
Lildli Jelaill ggay 1 aall a (%)
auilygs adlh I dyilinall asliall Jgaig agiigsiall 2 aiall ()

electrical energy «adgi) pi gyl L.Jbﬂdlgumlsudﬂﬂﬂlmumlm.lﬂlg__j ©
@ In cell 2 the reaction continues until the zinc strip is used up . . . . ) _d'c .
and then the reaction stops avlyps ddlh I adlingsll adliall 1 auall Jgai @

@ Cell 1 converts chemical energy into electrical energy
Cell1
Y

Saltbridge.

mMzn? meu? mMzn® meu?

e A Zn | Zn?* and Cu | Cu?* cellis connected to a voltage .2V aga janao; dlgngn Cu?* | Cug Zn?*| Zn aula
source of 2 V. The reactionis... .Jelaill

(a) spontaneous: Zn + Cu?* —. Zn?** + Cu Zn + Cu?* - Zn?* + Cu ilali (&)
(8) non-spontaneous: Zn + Cu?* - Zn** + Cu H

Zn + Cu?* - Zn?* + Cu:ilali ne (B)
- . 2+ 2+ _ L
e non spontaneous.. Cu + Zn%* ., Cu®* + Zn Cu + Zn2* - Cu2* + Zn;_ ildli jie e
Q not a redox reaction §

Jljialg éawal yuy (o)

A Down's cell in the figure below is used for the wilpgall Juaill p:n.l.u.u alial Jauiull _g jigla dula
electrolysis of molten sodium chloride. Which of the " Saan e Lblon si.pgiagnll agjgls jggnal

following is not correct? il e Jljialg dawal Jelai ¢y (a)
@ A non-spontaneous redox reaction takes place i ) )

(Na) pgiagnll jla _JI (Na*) pgiagnll ciligii Jjiaf agilall aic
At the cathode sodium ions (Na*) are reduced to sodium (Na) poigall jla L"I( )PgJ gal e 5 dﬁm 2 o
e ayilygs adlh J) aflingall adlall Jgaii (c)
(©) Chemical energy is converted to electrical energy (Cl,) jglall jle JIHCI) ayyglall aaligyl 2wl agilll aic @
@ At the anode chloride ions (CI7) are oxidized to chlorine (Cl,)
gas

Graphite anode (+)

Iron cathogSiey molten NaCl (= 801°C)

Which statement distinguishes electrolysis of molten NaCl falglan e NaCl jggnn Juai jnidjlic 6i
from aqueous NaCl? Na (gais : Jglanll : H, g4 :Jg.g_"D.Dﬂ
Molten: H, forms; aqueous: Na forms . - - . ol
g Molten: N: forms atqthe cathode; aqueous: H, forms at the gallaic Hy ggali:d |+ bugnllaic Na ggaiyy ' ()
' ' ik hugallaic Na Lhe laails (¢)
cathode i =
(©) Both give Na at the cathode 1ennllaic 0, Lhel lnails (o)
(D) Both give O, at the anode
The figure shows the electroplating of an iron fork with Al o daganl Lilpgall cilhll dilac aliai Jaull jghy
silver in an electrolytic cell. What is the cathode in the Sauall LA agilall Lo . Lilygh Julad duls A dhdally
cell? N = - .
adgrialyl Jghao ayladll
(A) The battery (B) An electrolyte solution 2l a5gih Sl daue %
(c) The silver sheet (p) The iron fork " -

Ag fork

AgNO, (aq)
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Which of the following describes oxidation correctly?
gA reactant gains electrons and its oxidation number decreases
A reactant loses electrons and its oxidation number decreases
@ A reactant gains electrons and its oxidation number increases
@ A reactant loses electrons and its oxidation number increases

Which statement about oxidation numbers is correct?
It is the charge an atom would have if all its bonding electrons
were transferred completely
o It is always positive for metals and negative for non-metals
e It always equals the number of valence electrons in the atom
o It is always a whole number and never zero

Which pair correctly identifies the agents in Fe + 2Ag* -
Fe?* + 2Ag?

() Reducing agent: Ag* ; Oxidizing agent: Fe

Reducing agent: Fe ; Oxidizing agent: Ag*

(c) Reducing agent: Ag ; Oxidizing agent: Fe**

(D) Reducing agent: Fe?* ; Oxidizing agent: Ag

What is the oxidizing agent in the following reaction?
Na,SO,(s) + 4C(s) -~ Na,S(s) + 4CO(qg)

@ C Cco
(c) Na,S0, (o) Na,s

Which species is the reducing agent in 2Na + Cl, — 2NaCl?

cl, Na
(©) Nacl (@ cr

A Inthereaction 2K + F, — 2KF, which statement is correct?
(®) The potassium atom lost an electron and was oxidized
e Fluorine lost electrons and was oxidized
e Potassium was reduced to K*
0 The potassium atom gained an electron and was reduced

Which of the rules for determining oxidation numbers is
incorrect?
@ The oxidation number of an atom of an uncombined element is
zero
The oxidation number of an element from group 1in the
periodic table equals +1
The oxidation number of hydrogen in metal hydrides equals +1
The sum of the oxidation numbers in a neutral compound is
zero

What is the correct ascending order of the following
formulas according to the oxidation number of chlorine in
each of them?
Cl,-NaCl-KcClo, -KCIO

NaCl - Cl, — KCIO - KCIO,

Cl, — NaCl - KCIO, - KCIO

KCIO, - NaCl - Cl, —» KCIO

KCIO, - KCIO - Cl, -~ NaCl

Which of the following has the lowest oxidation number of
nitrogen (N)?
N,0 -NH; - N, -NO,

P4 NZ
wI o

N,
(® No,

O o @eee ©

Mock Exam 5 — 5 sujaill juisul
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

faan Jauiy dawbill dény Ll oo i

oawdli nac Jéyg ailigrial] Jelainll cunisy
oawAliaac Jaig wligriall Jelainll aday

01wl aac alajig aligrial] Jelainll cunity (¢)
0wl aac alajig aligrial] Jelainll aday (p)

S8atan awalill alach ge djic ST @A

Ll akylyl ciligriall Loyl culaiil gl éyall lguuiai sill il ga ()
aljlall illwg aljlall infla ingn gg4as (8)

&yall L galaill ailigial] aac lafla sgluy (¢)

[BY] lan S9luy ilg [nila [aian hac (jgal @

Jelaill (A aan Jauiy galolell 212y 2gj sl e
€ Fe +2Ag* - Fe?* + 2Ag

Fe:awagall Jolell : Ag* :Jjianll Jolell (a)

Ag* :awadanll Jolell : Fe ;Jjfianll Jolell (8)

Fe?* :au4gnll Jololl ¢ Ag :Jfianll Joleoll

Ag awSdall Jolell : Fe?* ;jianll Jolell (D)

s‘.ﬁ,ll.‘iJI Jelaill ,_.p aw4gall Jolell Lo
Na,S0,(s) + 4C(s) = Na,S(s) + 4CO(g)

co (&) a0,

Na,S () Na,SO, (c)

2Na + Cl, -» 2NaCl Jclaill ,_4] Jianll Jolell ga Elg.iﬂl 6i e
<

Na Clz @

cr- @ NaCl @

S@agan éjlic i 2K + F, - 2KF Jelaill g
aawalig ligrial] pguuligyl 4ja Gada
awslig aligriall jglall ada (B)
K* JI pguwligd! Jjial
cujialg ligrial] pguuligul 83 cuwial (D)

Sdauan pié awmslill alaci ajaniacigd go si
Ijan sgluy 11in pe pic Al ~walill aac
1+ sgluy (5jgall Jgaall i 1 acganall (o paiel awslill aac
1+ sgluy ailjlall cilajua (g gagiagh awmalill ac (¢)
llan S9luy Jalein (5 A awAlill alaci [delakalal @

awalinac cun aulill gunll aranldl sacknill cudyill Lo
Slpin ga A )glall
KCIO - KCIO, - NaCl - Cl,

NaCl - Cl, - KCIO » KCIO, (a)

Cl, - NaCl - KCIO, - KCIO (B)

KCIO, - NaCl - Cl, » KCIO (c)

KCIO, - KCIO - Cl, - NaCl (D)

S(N) gragpisill awaliaac Jéi asal Ll loo §i e
NO, - N, - NH; - N,0

N, (8) N,O (a)
NO, (p) NH; ()
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@ In 2Mg + O, - 2MgO, which species is oxidized and what
is the change in its oxidation number?
0:0- -2

@Mg:+2a0

(©) Mg:0 - +2 (®0:-2-0

0 InMnO,” + 5Fe?* + 8H* _ Mn?* + 5Fe®" + 4H,0, what is the
change in the oxidation number of manganese?

+7 . +4 (decrease of 3)

@ +7 - +2 (decrease of 5)

@ +2 _ +7 (increase of 5)
@ +4 _ +2 (decrease of 2)

What should be the value of X to balance the following
half-reaction?
MnO,” + 8H* + Xe~ —~ Mn?* + 4H,0

® 1 2

© 3 ® 5

Which of the following is NOT an example of a half-
reaction?

(A) 2H* +2e” - H, (B) Cl, + 2e” -~ 2CI°

Fe - Fe®' + 3e~ 2Fe + 3Cl, - 2FeCl,
Using the half-reaction method to balance the oxidation-
reduction reactions, what is the correct balanced equation
for the following reaction in acidic solution?
Ip(s) + S,05% (aq) — $,0,2 (aq) + " (aq)

S,05% + 1, + 2H* - $,0,% + H,0 + 2I°

$,0527 + Hy0 + 1,  S,0,27 + 2H* + I

25,052 + 2H,0 + I, — 25,0, + 4H* + 2I”

$,0527 + Hy0 + 1, - S,0,% + 2H* + 2I°

COCOMN : |

When Cr,0,2” + Fe?* . Cr®* + Fe®* is balanced in acid, how
many H* and H,0 appear?

o 7 H* on the reactant side and 14 H,0 on the product side

e 14 H* on the reactant side and 7 H,0 on the product side

e 14 H* on the product side and 7 H,0 on the reactant side

@ 8 H* on the reactant side and 4 H,0 on the product side

After balancing a half-reaction as in acidic solution, 6H*
appear on the right side. How is it converted to basic
solution?

Add 6H,0 to both sides Add 60H" to both sides
© O,

Add 30H™ to both sides Add 6e” to both sides

Which is the correct balanced equation for MnO,~ + 1~ -
MnO, + |, in basic solution?
(A) 2MNnO,4” + 61” + 4H,0 — 2MnO, + 31, + 80H"
MnO,™ + 217 + 2H,0 -~ MnO, + I, + 40H"
2MnO,” + 61~ + 8H" - 2MnO, + 3I, + 4H,0
(o) 2Mn0O,” + 61" + 40H™ — 2MnO, + 3I, + 8H,0

Which of the following correctly describes the parts of an
electrochemical cell?

1) Half-cells: two parts where the separate oxidation and
reduction reactions take place

2) Anode: the electrode where oxidation takes place

3) Cathode: the electrode where reduction takes place

1Tand 3 ‘Iand2
©2and3 @1,2and3
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neill Log 2wl €9 t5I 2Mg + 0, » 2MgO d.cLuJJIL.p
'-'n:.u.lbLln.cup
0:0--2 (B) Mg.+2—>o@
o:-z—»o@ Mg:0—>+2©

MnO,~ + 5Fe”" + 8H* - Mn?" + 5Fe’" + 4H,0 Jclaill
Siiginll aw4liaac (g peill o

+7 = +4 (decrease of 3) +2 - +7 (increase of 5)

+7 = +2 (decrease of 5) Q +4 — +2 (decrease of 2) 0
Jeldill wni dlalen dijlgnl X dnyd ggai gi aa lhln
LI
MnO,™ +8H* + Xe™ - Mn?* + 4H,0

2(® T®

5(® 39

Sdclai wni Lle filin guy L oo i
Cl, +2e” - 2CI° 2H* +2e" > H,
2Fe +3Cl, - 2FeCl; (D) Fe—Fe® +3e™ (©)

danaill aulelai gjgl Jelaill wni déypn pladiwly
A JLill Jeldill Gayanll digjgall dlalenll Lo JIfiadlg

§sanall Jglanll
Iy(s) + S,032 (aq) = $,0,42 (aq) + I ™(ag)

$,05%" +1,+ 2H" - §,0,%" + H,0 + 2I" (A)
$,0527 +H,0 +1, > S,0,27 + 2H* + I
28,042 + 2H,0 + 1, - 28,0,%” + 4H* + 21” ()
0377+ Hy0 +1, > §,0,% + 2H" + 21" ()
pS SAna huig A Cr,0,%" + Fe?* -» Cr3* + Fe3* yjgaic

¢H,0gH" 2ac
Qilgill L 14 Hy0 g aillclaiall a7 H* (a)
ailgill 7 H,0 g aillclainll g 14 H*
ailelainll g 7 Hy0 g ailgill _a 14 H* (©)
ailgill _a 4 Hy0 g aillelainll a8 H

L4:|6H+u_|.g.l:i,,5|:1.nnJIla.ngh_,pLnb._].cLa.lc.u.ln.lujg:.m

s@aclill hugll Ul Jgai wass .goaill dyhll
Juahll LI 60H™ «uni (B) gl LI 6H,0 cuni (a)
guahll Jl 6e” i (p) gapall JI30H™ cuni (o)

MnO,” + 1~ = MnO, + I, Jclaill §ayan digjga dlalen i G
fSacld hg A
2MnO," + 61” + 4H,0 - 2MnO, + 31, + 8OH"
MnO,” + 21~ + 2H,0 » MnO, + I, + 40H"~ (B)
2MnO,” + 61" + 8H* - 2MnO0, + 31, + 4H,0 (¢)
2MnO,” +61™ + 40H™ - 2MnO, + 31, + 8H,0 (D)

Slaan lang dsilinragpgall daudall cljpl vany Ll lon le a
A4l Jelailngin J4 A dnay gleja @Al Lani 1)
Ba3 e Ja Jljiddlig
A4 ill Jelai dang éun (uhidll) agrialdl agilll 2)
JIFAUI Jelad Ganyg dun (whdll) agpialyl :agilall 3)

291 391@
39291@ 392@
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24-19 aliwill ®

End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

What number represents the part that prevents ions from

building up around the electrodes in the voltaic cell shown?
® 1 2
©s3 ® 4

Mock Exam 5 — 5 (su il jlisul

Q)

Juhidll Jga aligsdll palyi ging sall cjall Jing sall péyl Lo
Sdangnll dyilgall auall _a
T®
3O) 39

H: gas, 1at

1MH"(aq) - 25 °C

A cell uses Mn and Fe?*. If Mn is the anode, what is the half-

reaction at the cathode?
Mn - Mn?* + 2e”

@ Fe?* + 2¢” - Fe
@ Fe - Fe?* + 2e” @ MnZ* + 2e” & Mn

Using the data of the table below, which metal ion is most
easily reduced?
Mg?* + 2e” = Mg (-2.372 V)
Ag* + e = Ag (+0.7996 V)
APR* + 3e” = Al (-1.662 V)
Hg?* + 2e” = Hg (+0.851V)
Mg?*
Hg?*

Ag*
AI%*

©

@ When a Zn | Zn?* electrode is connected to the standard
hydrogen electrode as shown in the figure (E° = -0.762 V),
which of the following is an oxidation half-reaction?

() 2H"(@q) + 26™ ~ Hy(9) Zn%*(aq) + 2e” = Zn(s)

(©) Znis) —~ Zn**(aq) + 2e” (D) Halo) —» 2H"(aq) + 2e7

1Mcu?
culcu?*

Laill «anilndennll Mn (L& Ial, Fe?* g Mn (o dula
ga J d 9 Jyoal

Shigall aic
Mn - Mn?* + 2e”

Fe* +2e” > Fe @
MnZ?* + 2e" - Mn @ Fe -» Fe?* + 2e” @

A dlggun [l ggudll Lo waliai Jgaall Glily loaaima
Salljial

Mg?* +2e” = Mg (-2.372 V)

Ag* +e” = Ag (+0.7996 V)

AR + 3¢ =2 Al (-1.662 V)

Hg?* + 2e” = Hg (+0.851 V)

Ag+ M92+

APRY @ Hg?*

Las gragjarpll Swlidll ahdll Zn?* | Zn ahd Juagi aic
éamaill Jelaiaej i lan si(E° =-0.762 V) Jadilly araga

L anill
2+ -
Zn?*(ag) + 2e” > Zn(s)

2H*(aq) + 26" > H,(e)
Hale) = 2H"aq) + 2 (D) Zn(s) » Zn?*(aq) + 2e”

®
©
®
©

H- gas, 1atm

1MH*(aq) - 25 °C

The following reduction half-reactions represent the half-cells
of a voltaic cell. Which of the following is correct?

Co®" +2e" = CoE°=-0.28 V
Pt?* + 2e” = PtE° = +118 V
Anode: Co; Cathode: Pt; E°cell =
Anode: Pt; Cathode: Co; E°cell =
Anode: Pt; Cathode: Co; E°cell =
Anode: Co; Cathode: Pt; E°cell =

@ +1.46 V; spontaneous

+0.9 V; spontaneous

e -0.9 V; nonspontaneous

-1.46 V; nonspontaneous

The following reduction half-reactions represent the half-cells
of a voltaic cell:

Fe3* + 3e" = Fe E° = -0.037 V

PtZ* + 2" 2 PtE° = +1.18 V

Which data is correct?

Cell voltage —-1.217 V; overall: 3Pt + 2Fe3* _. 3Pt2* + 2Fe; notation:

Pt | Pt?* || Fe®* | Fe; nonspontaneous

Cell voltage +1.217 V; overall: 2Fe + 3Pt?* _ 2Fe3* + 3Pt; notation:

Fe | Fe* || Pt?* | Pt; spontaneous
Cell voltage +1.143 V; overall: 2Fe3* + 3Pt?* _, 2Fe + 3Pt; notation:
Pt | Pt?* || Fe | Fe®*; spontaneous

@ Cell voltage -1.143 V; overall: 2Fe + 3Pt — 2Fe3* + 3Pt?*; notation:
Fe | Fe* || Pt?* | Pt; nonspontaneous

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan
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E°=-0.762V
Salt bridge

1Mzn?*
Zn|zn?*

dulal priranill rialall &ulill danill JIFal culelat Jind
Saian Lily oo (sl dyilga
Co?" +2e” = CoE°=-0.28V
Pt?* + 2e" @ PtE° = +1.18V

ALali 11.46 V+ = aulall aga Pt:agilall :Co :agilll

iLali 10.9 V+ = alall aga :Co :agilall ‘Pt iagilll (B)

iLali fe 0.9 V- = @lall aga :Co :agilall tPt :agilll @

LA 1€ 11,46 V- = @lall aga Pt :agilall :Co :agilll @

@ ©

aulal (riranill il aulill danill JIfbdl dileldi Jing
:duilga
Fe3* +3e =2 FeE° =-0.037 V
Pt?>* + 2" 2 PtE° = +1.18 V
3Pt + 2Fe3* - 3Pt?* + 2Fe :_Jall Jclaill 11,217 V- ailall ago
Lildli pie «Fe | Fe3* || Pt2* | Pt :joill
:2Fe + 3Pt2* - 2Fe®* + 3Pt :_Jall Jclaill 11.217 V+ éulall aga
Lilali :Pt| Pt2* || Fe3* | Fe :jiofill
:2Fe®* + 3Pt?* - 2Fe + 3Pt _Jall Jelaill 11,143 V+ dylall ago
Lildli (Fe3* | Fe || Pt2* | Pt :jiojill
:2Fe + 3Pt - 2Fe3* + 3Pt2*:_Jall Jclaill :1.143 V- alall aga
Lilali pie Pt| Pt?* || Fe®* | Fe :jiojill
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30-25 aliwill @

Given E°(Fe3*/Fe?*) = +0.771V, which species can
spontaneously oxidize Fe?* to Fe3* under standard
conditions?

(n) Cu?* (E° = +0.3419 V) (8) Ag* (E° = +0.7996 V)
(c) Pb** (E° = -01262 V) (p) Zn** (E° = -0.7618 V)

Which of the following is true for the two cells below?

In cell number (1), the electrons flow from Cu to Zn

In cell number (2), the electrons flow from Zn to Cu
In cell number (2), the anode produces electrons from Zn
Q In cell number (1), the anode produces electrons from Zn

Cell1

1Mzn?* mMcu?* ‘

Mock Exam 5 — 5 sujaill juisul
End of Term 1- Grade 12 Advanced - 30 MCQ - one question per Q1-Q30 - 3 / 4 marks - 120 min

auLill glgifll sla E°(Fe3*/Fe?") = +0.771V gla I3 @
gyl LA Lildli Fe®* LI Fe?* dawai gihiuyg
Sapwlydll

Cu?* (E° = +0.3419 V) ®

-0.1262 V) @

Salial gaiglally Glei) logd aan oo si - @
Zn | Cu o ailiggiallll (Ganii (1) pd) auall (o TRy
Cu I Zn yo aligrialll §aaii (2) pd) aall 4 (B)
Zn (o wligrialyl agilll 2iif (2) péy adall g ()
Zn (o ailigrialll agifll qiif (1) péy adall _a ()

Cell 2
Voltage source

- o+
m o
1MZn?* 1Mcu?*

Ag* (E° = +0.7996 V)
Zn?* (E° =-0.7618 V) ® Pb2* (E° =

Which change in a Zn/Cu cell converts it into an
electrolytic cell?
o Replacing Cu with another Zn electrode
e Replacing the lamp with a voltage source greater than 1.10
V connected opposite to the cell
(©) Removing the salt bridge
@ Using a voltage source of 0.5 V in the same direction

During the electrolysis of molten sodium chloride
(NaCl) in a Down's cell shown below, what happens to
the sodium ions?

Reduced at the cathode Reduced at the anode

Oxidized at the cathode Oxidized at the anode

What is the reaction of the cathode in a NaCl solution
electrolytic cell?

(A) 2H,00) + 2e™ ~ H,(g) + 20H7(

(B) O,(9) + 4H*(aq) + 4€™ - 2H20(|)

Na*(aq) + e~ - Nal(s)

(D) Cly(g) + 2¢” - 2Cl™(aq)

Based on the figure (Cu anode (+) and Zn cathode (-)
in1TMcu” solution, voltage source), which of the
following statements is true?

The mass of the copper electrode increases

Q Oxidation of Zn atoms occurs

(©) Anode reaction: Cu - Cu®* + 2e”

@ Zinc ions move to the copper electrode

Saylylai dula L Lglgay Zn/Cu dyld L4 puei sl
Al Zn uhd) Cu Jlatiwl
wtaer Jgngn 1.10 V o 15l aga janns alinndl Jlagiwl
aylall

&ualall aghidll i (©
awaiolaill 0.5V agojano @

pgiagnllayjgla jg.g.n.n] UILI].Bb." Juaill diloc Jua
Gligadl &aag laln .alial dangall jigla auls A NaCl

*‘pg._l_:g.n]l
agidll aic JjiAi agilall aic Jjiai @
agilll aic 2wl @

Jglanl gilJJ.Bb." Jaill duls l_.,;:l :Ag.'i'IbJI Jelailn
¢NaCl

2H,0() + 2e™ = H,(g) + 20H (aq) @

0,(g) + 4H*(aq) + 4e™ - 2H,0()

Na*(aq) + e” - Nals) @

Cly(g) + 2e” = 2Cl (aq) @

c_ng.nJIub.ﬁJIJdg.ng.nCu:gji)dbﬂJl,_.}.ci:Lnicl @
1M ojia)i cu’ ,ng.nt_.,ugULmJIub.aJlJ Zn agilag
fdauan CI.IJLIJ|(.I|]|.LQ.||6| ({2p2janngn

wulaill ahé @lia alaji @

Zn aljal Aaw4l ¢ani

Cu - Cu®* + 2™ :agilll Jelai ()

pulill ahé ] guoylall alighl elpaii ()

e 0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Gwjan
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( aulam )

Answer key & short solutions

épaianll Jglallg allayl alian )

a8

-

.

1- @O 2-®® 3- 0 42-0 5-0 1-@©® 2-®® 3-O® 4-0 5-0
Cr2072': 2x+7(-2)=-2=x=+6.1 .Cl, + 2e” - 2CI" (reduction) : Al - AP* 4 3¢ (oxidation) .1
NH;: -3 ; N,: 0; NO,: +4 ; HNOg: +5 = NH; - N, » NO, —» HNO; .2 Fe?* > Fe®* + e :ailgill caph L ciligrial] = 6241l .2
Mn”: 42 MnOz: +4 : Mn04*~: +6 { MnOa™: +7 .3 Jlial = aligrisl] alwial sie) 0 J 2+ 9o ainmll glndai.3
NH, " x+4(+1)=1=x=-3.4 ISl H = Qlwisl 0 /244 Lol el H = 166 0 / wlwial .4
L .aaliana syl Jlgjlll Lni:stoagsofgasarLuauﬁ.s/ N Cl, (Cl, + 2e” - 2CI") lguui4y 2e” « addi le” « 2NaadaiNaap J5.5
4 09
1- @ 2-® 3-O0O 4-0 5-0 1- @ 2-0© 3-0O© 4-0 5-0O
L(#1) + X+ 6(=1) =0 = x = 42..1 JIfadl gl éama il a3 e Ja awsiill aac 4
(2+3+3)+3=8/3..2 .m_u.\bi.'l':xLj.d.j,de'g,uujj;_Cl!amuij::.c:l:j;,ﬂe'nﬁmK.z
(Qilgill cagh _a ailigralyllg) 62wl = 8alij Sa06™: +2.5 « £ 520357 +2.3 (3+) aylibgll pf pall sinuiul Laiy 3)+) pal Jud Gl -awslil aac .3
NO3™:x-6=-1=4+5!NHa*:x+4=+1=-3.4 Awalill aac glnaie” = ublwial = JIfal 4
Cr®*:43;Cr0,2:+6;Cr:0; Cr’*: +2 = Cr - Cr** > Cr** - Cr0,>" .5 4an 0aw4li aac (1inll i) il niell 5
. o %
1-® 2-0 3- 0O 42-0 5-0O 1T-® 2- @ 3- 0 1-0 5-0
Jiai H 82wl « gtigrial] aday Fe .1 (2w8g0 Jole Jjial) Ag': +1 - 0 (Jfian Jole awali) Fe:0 - +2.1
JIFA10:0 > -2 1 82wal C:0 - +4 .2 .Jriaig e” Judiuy aw4agall Jolell .2
.22+ ¢gnanlla 1 - 0- lnpin Jalangy ligyl .3 .Aw4gn Jole NaCIO « Jljial :CI° (-1 uniNaClo=+1« aCl.3
62481 C: 42 > +4 1 JIfial Cd: 42 > 0.4 (awbgo Jole (2 JIFal 10 - -1 (Jfian Jole) 6auai Mg: 0 - +2 .4
L Oladi (AW eawS] = 620 Sn: +2 - +4 .5 L (0250 3¢ 2lajig e” 2day) algguy awsliy sgall Jianll Jolell .5
1- @ 2-0®® 3-0O 4-® 5-0 1- @ 2- O 3- 0O 4-® 5-0
aall awslig (oogiag!l Jiiag .1 (62u141) C: 0 - +2 1 2mS§0 Jole Na2S0a « (JIjial) S: +6 - -2.1
(JIFal) 2= -5+ JI 7+ 0.2 (B2wS]) Mg: 0 - +2 :(JIfial) N: 0 > -3 .2
Jlfisl « gtigral] cuniqy cu” 3 .Cu: 0 +2 1 JIidl NOz A HNOz = +4 A N: +5.3
(2Br” - Br2) culall caljll Sglug 2 JJall gadill 2e7 < cuwis) Cl2 .4 (Jjian Jole (HCI A24l Cl: =10 (uwagn Jole (MnO2 JIfal Mn: +4 = +2 .4
L Bawala gall LnT.Fe:+3—>0:—3.5/ N .ﬁmﬁil'—»lzzﬁpdmo—»-1:mgndmcuz.s/
1- 0@ 2-® 3-0 242-0 5-0O 1-® 2- 0 3-0 1-0 5-0
e Jdindll pi H 4 H pi H20 10 p éuiyll caljall .1 Jian Jole « dawmal Ca:0 - +2.1
(01 1+ 8- 5= +2 =— yluy dinddill .2 .Cl:0- -1 Jjian Jolc HoS « Bawal S: -2 5 0.2
Cl g K’ :lnmamaliaac poiy 1 glopainll .3 i I H (uw5go Jole (MnOa— JIfidl Mn: +7 = +2 1614l Fe: +2 —» +3.3
(5e7) JIfia Ll 2xg (2€7) dawS Il LCM(2, 5) = 10: x5 .4 (w540 ol H20 « JIjial) H20: +1 -0 _a H : (Jfian Jolc) Na: 0 - +1.4
Lon dindillg aljall has ulhi gjgll .5 A)-) e UCl tH:+150:Zn: 0> +2.5

1- 0O

2-® 3-0® 1- O 5-0
(Cl2 = CI') lgalgiuy JIfiadig e” (Br” — Brz) aiif w4l .1
Jitaia 3e” cumiay Fe™ .2
Fe—>Fe +3e¢..3
(0) ligny e St 1ig luy 1+ dinddll Jgiil g .4
(0: 0 - -2) aligrialyl rawsill cuwisy .5

2-® 3-0 4-0 5-0

Overall: 5Fe?" + MnO, ™ + 8H* - 5Fe3* + Mn?* + 4H,0.

=Y

Overall: 6Fe®" + Cr,0,%™ + 14H* - 6Fe®* + 2Cr** + 7H,0..

N

w

Overall: 2Mn?* + 5BiO;™ + 14H* - 2Mn0,™ + 5Bi** + 7H,0.
Overall: 3Cu + 2NO,™ + 8H* > 3Cu®" + 2NO + 4H,0 .4

Cr207~ + 14H +6e" - 2Cr + 7H20: 61 - 312 + 6e” .5

/
N

1- @ 2-© 3- 0 242-©® 5-0
Jelaigga (N +5,Na+1,Cl -1, (Ag +1 &y i awali aac i 11 AgNO: + NaCl Jelaill _a .1
Jlialg damal gulg cuwyi
(B:2w4]) dalyj :Ha = NHs ¢ (JIjial) gladi :N2 —» NHs .2
862UjC02=+4 e A1CHa=-4_AC.3
CIO (+1)g CI' (-1) Lhey Cl2 .4
«Ganiwf g siai d aligrialyl dindll haa .5

Ya
" AN

N

Q7

1- @@ 2-®® 3- 0O 24-0O0 5-0O
KCIO5: x + (+1) +3(-2) =0=x=+5.1
8032_: Xx+3(-2)=-2=x=+4.2
0=-2 _alll atH=+1<0=-1:au4 §gaH:02.3
Na=+1«H=-1:jlayja NaH.4

SO3:x+3(-2)=0=>x=+6..5

/

0502500589 - pilull aic anan /aalac] - chinibll pund —

Ujnll dwjan Inspire Chemistry - Redox & Electrochemistry
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dblbayl alian

Answer key & short solutions

APt) ilnla uhall ggay gi w2 Overall: 5SHSO,™ + 210;™ = 550,% + 1, + 3H* + H,0 .1
aenall ga SHE lal hugall gga el E° al Cu 3 5HS03~ + 2105~ - 5504 + 12 + 3H + H20.2
0.76=0-E° « E°=-0.76 V:aenallga Zn .A/ Overall: 4Zn + NO,™ + 10H* » 4Zn?" + NH,* + 3H,0 .

3
- NOs~ + 10H" + 8™ = NHa* + 3H20 :ciligfial] N: +5 - -3 = 8 .4
Q23 Overall: 3Cu + 2NO,™ + 8H* - 3Cu?* + 2NO + 4H,0 .5

-

°
o]

N
1

w
1

D
1

ol
1

118 - (-0.28) = +1.46 V. 1 1- @ 2-@ 3- a -0 s-

0.85-(-0.13)=0.98 V. .2
Il Jall ggil Jizy il jlall :ilalil Jelail .3 il JIH 2121 OH i sanall gigh aes .1
.Jg_nnjlgb.!.gn.”?uylgjﬂan.S .JLuJ._I_.”%,GAHZOUQﬁHH‘:A(—JJ_C:ﬁHLDD.”OH_JJ_C.Z
, , dhlenll g a1 1a clall gg4il OH gn H 2211 .3
“‘ Q24 il el 3l aialal aag aaphl adai o b
1-@® 2-©Q@ 3 - 4a-@ s - sacldll I igaill pi Iigh sanall gjgll .5

1.18+0.1375=13175V. .4

a - @O Overall: 38042 + 2MnO,~ + H,0 - 350,%™ + 2MnO, + 20H™ .1

118 - 146 = -0.28V (Co™/Co). .1 Overall: N,O + 2CIO™ + 20H™ - 2NO,” + 2CI” + H,0.

118-389=-271V..2 Overall: 61" + 2MnO,~ + 4H,0 - 3l, + 2MnO, + 80H" .

2

3

Overall: SHSO,™ + 210,™ + 30H™ - 550,% + 1, + 4H,0 .4
Overall: 2Al + 20H™ + 6H,0 - 2AI(OH) ,~ + 3H, .5

.3Ptx2e~ g 2Fex3e~ :uiligfiall 6 .4
(UJLCLLI) 0.851-0.153=0.698V .5

Q18% )

1- 0 2-0 3-0 42-O0 5-0O
Iaily 141l grhgo ga aenall 1
Janall cilull ahall go aligialyl i higall 2

aennll dalo dilgiml aic wdgig lnin janall pla o paiuwg Jelaill .l./

R

Y4

Q19

1-0 2-0 -0 4-0 - O

Zn" palji Jaleil xonall gai ciligylll .z/

ol

4

Q20

-2.71-1358=-407V..5 1 - Q 2 - o 3 - Q 4 - 5 -

Jii Fe™ aennll gga hubil Mn (E° -1.185) .1

Jugollaic Jlfidl = anall cunyi.3
3x2e"=2x3e =6e..4

L

-

3-0 42-0 5-0

E° (+1.498 V) LJclal Au™ .1

(Na'/Na = -2.71V) Jfian Jolc sgal E° = Jai .2
Jaaclanil pei) 1E° .4
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allayl alian

Answer key & short solutions

Concepts 25-30

épaianll Jglallg allayl alian )

25 - 26 - 27-0) 28 -
€ 29-@ 30-0)

Concepts 31-36

31-0) 32- 33-0 34 -
0 355-( 36-0

Concepts 37-39

37-() 38-0) 39-0

1- 2- 3- 0 4-0 5
-0 -0

Siag llnin janall pla o Jelaill pniug :adilai 2 adAll .1
a2nns Jaey Sall byl aai)

(6am4l) 2F = F2 + 267 1 (JIfial) 12 + 26" > 21" .3

7-0 8- °29-( 0-

iligitall 6 elishnll caclanll .8

1-0 2-( 3-® 2-0) s
-0

2H20 +2e” > H2 + 20H" ‘nigall aic clall Jfiai .4

Concepts 1-6

1-06) 2-0 3-0 4-0 s
-0 -0

dinill has ggile .1
0-+1gCl0—>-1.3
(Bau4l) 1 - 0- g (JIfial) 0: -1 > -2.5
Jial awaliy of gany la amalialh el 7+ aMn .6/

Concepts 7-12 \

Concepts 13-18 \

B-0 4-0 5-0)
O 7-000 8-

16 -

Concepts 19-24 )

19-0) 20-€3 21-() 22 -
D 23-0 22-0

0502500589 - pilwll aic anan /aalac] - chioybll pund — Jgjoll Guwjan
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1 supdljuiddl Gl alian (7AW
Mock exam 1answer key

1 B/2 B//!3s All4a DI!s B'!6 Al'7 C s D 9 10 B
n Bl/12 Al|/13 D//[14 B|/15 B!/ Al/177 B/[18 All19 C/[20 D
21 All22 C|/23 All24a D/ 25 D//26 C|/27 C//28 Cl/29 D [30 A

Jjiad Clz g awsliy Mg £ 1aalg ligrial] jgla a3 g4 helg gtigrial] ada) Mg —
Al apalialll il = awslill 2ac —
Awslid e” ainy Jjirall Jolell —
(Jjianll ga (Fe auwsgall Jolell gga Jjinig e” cunia) Ag' —
Jianll Jolell gga awali Ca: 0 - +2 —
Amaliig oamali 2ac alajp e aday X —
0 = +2 &un OF2 Jin (dullwgygs lelll) jglally ahlijl aic —
X+ 4(-2)=-2 < x=46. —
4) g (1 sl galen agagg vl awali alach caulisl amw glglill catlisl —
- (-2) = 8 = Aagdanll ailigrialdl —
(62040 Al: 0 = +3 ¢ (JIfial) Fe20s = +3 < 0 i Fe —
./ H:10=4+2(3):NOs” «X=3 g ala0:3—

n O n » @® U p O @
W 0 N O U1 &~ W N =

N S G §
W N = O

((rgriall ada) Ni— Ni*™ + 2e” —

Cr207~ + 14H" + 6Fe” - 2Cr”" + 6Fe”" + 7H20. —

(waph Jal Cr207*~ + 14H" + 6Fe™ —» 2Cr™" + 6Fe™" + 7H20 (6e™ —

H20 (jgaiia OH™ aalhl H' (o (alAi] —

1e7) x5 « 3Cl2 + 60H - 5CI + Cl03~ + 3H20 wuniay) Cl:0 = -1 5e7) x1 ada) Cl: 0 - +5 —
Arayilanll gulg ailygs Jl adlingall daliall Jgai aulipgall elaall —
el fe ailigal gl Jadiii loiy anlall agnidll pe aligiill ¢y —
Zn-Zn"" +2e™ :awaill ¢1aai agilll aic —

ayyeilli 0.000 V = (ragjugll LSLulJ_CUI Jiibdlaga —

(wagn gulaill E° gl gulaill ahd aic JIfial) Cu™ + 2e” —» Cu —

E°cell =1.18 - (-0.1375) = +1.3175 = +1.32 V. —

Ni|Ni"||Ca”" | Ca:aqilll gga E° (-2.868 V) Jal Ca —

Ni+Fe™ (-0.218 V) :ullw E°cell fLalill ¢ Jelaill —

Al g aagog atilgall a b agilll —

Jelaill guaei 11a 1.10 V o J4i 0.50 V jannll —

(A2w40) 2CI = Cl2 + 2e™ :agidll 2ic —

Na (jgaiy 1ig NaOH g Hz g Cl> : Jglaall Juai qilgi —

@l 40 agifllg ¢ Lpili4 alajia Au™ + 3e” > Auhugnll L& dudnll —

O O U U Y (e
W 00 N O U B&

» O """ O U P N"n P OUMN P U P U U U > O @O
N N N N N N N N N N
W 0 N 0O U1 &~ W N = O
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EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall daln (g Loialaill peall

2 supill juisdl ayla) alian [FEEV
Mock exam 2 answer key -

1 DI/l2 B//!3 Al/l4a DI'5 D/'e A7 C /s Cll9 A 10D
n D12 DI|/13 C| 14 A|l/15 Cl/l1e C!|/17 B|/18 Bl/19 Bl|/20 C
21 All22 C|/23 Al 24 B|/25s B|/26 All27 D!|//28 B!|/29 D!|/30 C

(Jjiad Clz JI (uusliy) Br™ o e Jaiii —
07 a2-.Mg” _a2+,Cla a0 lin —
Jianll Jolell gga e add) Zn: 0 - +2 —
(0 = -3) Jjiai N2 ¢ Jjianll Jolell gga awali) Mg: 0 —» +2 —
Jianll Jolell ga H2S a awslip S: -2 » 0 —
(I:0 - -1) Jjirig e” Juainy 12 —
2X+5(-2) =0« x=+5. —
L@awalialach wauliad adlaiidl aljlall abayn glglh aliai —
2X-6=-2Xx=+42. —
2x3e =6.—
(B2w4]) Cu: 0 = +2 ¢ (JIFial) N: 45 — +2 —
2Au’" g6« 3Sn” clfdinll caclhnll 3e” « wunia) Au” g 2e” 2da ST —

> Nn n » U U > ®™ O
W 0 N O U1 &~ W N =

N S G §
W N = O

(ygriall ada) Na— Na' +e” —

.Cl(+5 = -1) x1:3502 + Cl03~ + 3H20 = 3504>~ + CI" + 6H : S (+4 - +6) x3 —
NO3~ (3e7) x2 « 6e™ JIjialg CI (2e7) x3 daw4l —

Cl: +5 - 0 (5e7) x2 « 10e™ ! Se: +4 = +6 (2e7) x5 —

a2l 22 2H20 = H20 + 20H « (ayhll 20H " cayni shnall gjgll 221 —
pusell yuilg adlpgs Il adliagall adlhll Jgai agdlgall auall —

Jelaill cadgia guhall Jga aligdll palfii anlo aphid gga —

Ag I Jjiai Ag g (@it Jglan) Cu™ I awaliy Cu —

A ngg__l_idgj_“mg Tatmg25°C—

arhiijnll ahdll cuns Iagils ghiagil Joey aa qulall gragaigll aha —
E°cell =0.3419 - (-0.28) = +0.622 V. —

.Cu|Cu”" || A" | Al :agiill gga E° (-1.662 V) Jail Al —

{_,ILéli) E°cell = 1.18 - (-0.28) = +1.46 V ! agilll gga E° Jéil Co —

Jlfialg Al Jelai énay gtidall il (g —

(Jlfal) hugall ga Zn auny:Jelaill ar guaeiy paill janoll —

(JIjial) hugoll aic Na” + e~ —» Na —

2H20 +2e” > H2 + 20H . —

(nugnll L& aaguillg) Ag” | awalii agidll aic anall —

O O U U Y (e
W 00 N O U B&

n O ©®m O p O ©® P N P N O O U Nmn n P n U U O
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EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall daln (g Loialaill peall

3 Su il juisdl ayla) alian [FE3V
Mock exam 3 answer key -

1 All2 B//!3 B//4a B'5 C 6 A7 DI's Cl'l9 A 10 C
n Al12 DI//13 Bl 14 A|/15 All1e DI//17 C!|/18 DI|/19 C|/20 C
21 B//22 B|/23 C| 24 C|/25 Al/26 D//27 D!/28 D!|/29 D!|/30 B

Mg - Mg™") 2walita e 2da) Mg —

JIFadl gl aawa il aapy Lle Jan awslill 2ac —

.0amali 03¢ ndi) e” « w4y Jfiaf amagall Jolell —

Awagnll Jolell gga Jjini Cu”™ g awalis Ni —

Jianll Jolell gga aw4li Ce: 0 — +3 —

awmAliiNa: 0 - +1 —

H20 gNO2 g NO _ 2- lniy H202:0 = -1 —

2(+1) + 2x+ 7(-2) =0 &« x = +6. —

Lx +6(-2)=-2 < 4x=+10 < Xx=+2.5. —
3e” < 6mol e” cuwiqy login J5.Cr ()3 (Sgy Cr207*~ —
Anall awalig (agiapll Jjing —
Auniqnll gn dagdanll aligrialdl xac (sglwil gl vy —
(6) g (2) :culiggiall ulwial Jlfiadl —
21" = 12+ 2e™ (x3) 1 Cr207*~ + 14H" + 6e™ = 2Cr° + 7H20 —
NOs~ (3e7) x2 « 6e~ JIfialg CI" (2e7) x3 Aauwal —
Jahll JIH 2291 OH wamni —
H20 =3+ 1=4 JIn3| 3H20 « _JI 3H" Jgaiia 30H" i —
(3gils) Cu I (2gil) Zn o ellll jic aligraldl Jaiii —
22) g (1 agilall I agidll (po aligialdl Jaiiig » agilall aic Jljiadlg agilll aic awQill —
agilall ga Ag uhall :Ag aic Jjiaia E° (+0.7996 V) Jci Ag” —
E° (Pt = +1.18 V) _Jcill ggulll ga Tllfial Jguwi —
l2aj0 pa1iinig 0.000 V 1 wajei swlidll SHE 2g2 —
{_ilali « wiagn) E°cell = 0.851 - 0.153 = +0.698 V —
Pb|Pb” ||Mg™" | Mg :agilll gga E° (-2.372 V) Jdl Mg —
1.18-3.89=-271V. —
Liali Jlfialg éamal Jelai lgia ¢naia (Qlnn) diilga 1 aglall —
Luyai alnll gilly ] dalall ageig Jelaill guaey Sajlall janall —
adlhll jagia 600 °C gai I 801 °C (4o NaCl jlgnil ) jaaa —
504>~ Ja1 cloll amalisg Na® Jau (0.83 V-) clall Jjiai —
Jlfialg awal Jelai élany ayilygs aalh pasiug Lilygall clliall —

> Nmn O P nmn O @ © P
W 0 N O U1 &~ W N =

O O U G (R G U G U G §
W 00 N O U1 &~ W N == O

W U U U O P mnn 0 O mnn U N U > P ©® O > N
N N N N N N N N N N
W 0 N 0O U1 &~ W N = O
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@ EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - clinall éalo g oaladll peall @

& Supill juisul alla) alian [FE3V
Mock exam 4 answer key -

1 B/ 2 C | 3 B /4 DI/s B/'6 A7 B/''s C |9 D 0D
n All12 Al/13 All14a Cl//5 D/l All17 All18 All19 D/|20 C
21 Bl//22 A|/23 B//|2a D!//|25s B|/26 C /|27 C|!/28 C|/29 B/|30 D

dann pe «Jldiil U» ajhead O I Mg go aligrial] alaiil —
.01wAlinac Jawa e” cuniqg Cl 'nawalinac Aajae adal K —
1amsgo yuylg awaliy Jjiao Jole gga e aaay X —
2wagall Jolell gga (0 - -1) Jjiaj Cla —
(Jfian) 2wl I g (uwhgn) Jjiag Cla —
Cl.0-»-1.—
OF2 (+2) > 02 (0) > H202 (1) > H20 (-2). —
il gag KMnOa = +7 _a Mn —
0 =-1:2(+1) + 2x = 0 < x = -1 ulaill Gga Lo —
LemawiaiS: +4 - 0! 4e” 24ai2S: -2 -0 —
2+ JI 3+ g0 oawalinac (ndita e” auwiéy Fe'" —
Jgiugl H af s il alja dijlgal H20 paaiwi —
2Br = Br2 + 2e”:d2m4l : Cla + 2e” = 2CI :JIjial —
1e7) « 1:2 « 3HCIOs - 2CI02 + HCl04 + H20 iy o JIfial) 5 = +4+ g (2e” aday Aam4l) Cl: +5 - +7 —
J:+5->0(5e7) x2 « 10e™ ! S: +4 = +6 (2e7) x5 —
ainddillg aljall gali pi OH g H' Jalei —
(H20 yg4ii) 4H" dlalenl (aphll 1 4OH cani —
anlygall clio)sll —
Agilall I agifll go sjla ellw jc —
il uwpita Cu®™ Jfiaig Fe analiy :Cu o huiil Fe —
Allfial Jgwi gga E° (el Au™ (+1.498 V) —
.Cu”" +2e” - Cu Jjiaj yulaill :uagn E° = +0.342 V —
{_ILdli) E°cell = 0.7996 - (-0.744) = +1.54 V : agilll gga E° (-0.744) Jél Cr —
E°cell = 1.18 - (-0.037) = +1.217 V : agilll gga E° &l Fe —
0.34 - 0.47 =-0.13V (Pb""/Pb). —
Iagil Jaey 53l Zn hypib aaiy Sia Jelaill jaiuyg alyai 2 adall —
Ll pe) Jelaill guaeitg 1.10 V go ol 2 V janall —
puaell yulg adlings Ll adlygsll daliall Jgai adaill ausll —
H2 ggaiig clnll Jjiaf :Jglanll : Na )] Na” Jjiai yggnnll —
higall ga (uaall d4gud) agllh alall puall —

O Nn @ » ® U 0D nmn ©
W 0 N O L1 &~ W N =

O N O N e YO U G G O
O 0 N O U1 &~ W N =2 O

O U " A A @ O @ » U mn O >» » P OMNM”M > > > 0O
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W 00 N O U1 &~ W N = O
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EOT COVERAGE FINAL REVISION - Grade 12 Advanced P2 - cliniall daln (g Loialaill peall @

5 Suill juisdl ayla) alian [E3V
Mock exam 5 answer key -

1 DI'2 A/ 3 B /4 C//ls B/'6 A7 C/l's A |9 C 10 C
" D//2 D//13 D/|"4 D|//5 B!/ B/|17 Al/l18 D//19 D!|/ 20 A
21 C|/22 C|/23 A/l2a B!/|25s B|/26 D /|27 B!/28 Al/29 A |30 C

Awalill aac (g éaljg ailigrial] 266 :@mall —
(Irwa gl [jan g4y ad) apalfial dind anslill aac —
(unagn Jole Jjiad) Ag': +1 - 0 ¢ (Jfian Jole amali) Fe: 0 —» +2 —
2wagnll Jolell ga Na250s a Jfiaj S: +6 = -2 —
Jianll Jolell gga amaliy Na: 0 - +1 —
(sl K-> K +e” —
A+ gulg 1- = aljlall alajam (o H awaliane —
NaCl (-1) < Clz (0) < KCIO (+1) < KClO4 (+7). —
Jaill gag NHs: N = -3 —
52141 0 = +2 « :(pigriall aaa; Mg —

N >» N > ® N"n ©® >» O
W 0 N O U1 & W N =

- =
= O

5 jladny JIFal Mn™ « 32+ gMn0a~ LA Mn: +7 —

A +8-X=+2¢« X=5-:aunll —

Jelai «ani cunylg agla dlalen 2Fe + 3Cl2 - 2FeCls —

5203"" + H20 + 12 > 5204>~ + 2H " + 21 :cgnanll 2 + 26 > 21" « £ S203* + H20 - 5204~ + 2H + 2™ —
Cr207*~ + 14H" + 6Fe” - 2Cr’ " + 6Fe”" + 7H20. —

H20 (pgail H 1ac L___c,gLLu_J_ adalrinll OH aac —

clo JIH Jgai pi 21" > 12 (2e7) x3 « 6™ ! Mn: +7 - +4 (3e7) x2 —

3)g2 g (1duan cljal Lgla agilallg agilllg adall Lani —

«ligilll palyi gind sill @nlall ayhidll ga & cjall —

Fe™ +2e™ - Fe gilall aic Fe™ J Jljiadl ¢ianua agil Mn —

aligudll gu E° (JciHg™ (+0.851 V) —

Zn—-Zn" +2e” (E° = -0.762 V) :agil Zn —

E° (Pt =+1.18 V) _lcill gquill ga llfial Jguwi —

E° (Pt = +1.18 V) Uil gguill ga Llfial Jgui —

(E°cell =0.7996 - 0.771 = +0.029 V) hda 0.771 V: Ag + o Llcl anagall E° pjly —
(Zn - Zn™ + 2e7) ailigrialyl 2iif Zn agilll :ilga 1 aylall —

alai I lglgay dulall gnaer Jgngo 1.10 V o ol aga jann —

higollaic Na JI JfiaiNa —

hignll aic 2H20 + 2e” > H2 + 20H —

.Cu—-Cu”" +2e :giill aic —

O N N N U G Gt {
O 0 N O U1 &~ W N

N > > U U O W >»P A A~ > U O D m ™ U O O O N
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