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Learning outcome - pleoill dauii

Inspire (English) Page

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

Jrag)uplig gruwaillg aligrialyl dua go JIjdulg duwa il gu jio

° Which of the following statements is true concerning the redox
reaction shown below?
2Br(aq) + Cly(aq) — 2Cl7(aq) + Br,(aq)

@ Oxidation of the chlorine molecule

Electrons transfer from bromide ions to chlorine

@ Electrons transfer from chlorine to bromide ions

@ Reduction of the bromide ions

o Which of the following is correct in relation to the reaction below?
2Mg(s) + O5(g) -~ 2MgO(s)

@ Oxygen O, gained electrons and was oxidized

The magnesium Mg atom lost electrons and was oxidized

@ Oxygen O, lost electrons and was oxidized

@ The magnesium Mg atom gained electrons and it is reduced

Which of the following statements is not true concerning the
complete chemical equation shown below?
2Mg(s) + O,(9) — 2MgO(s)

@ No electrons are transferred between atoms
The reaction is an oxidation-reduction

@ Electrons are transferred between atoms
@ Magnesium atom is changed to positive ion

4 Which of the following describes oxidation correctly?

o A reactant loses electrons and its oxidation number increases
A reactant loses electrons and its oxidation number decreases
@ A reactant gains electrons and its oxidation number increases
@ A reactant gains electrons and its oxidation number decreases

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Fig. 1- Fig. 2 3-4

JIfiddlg 8awbill Yelaiy Gloi) logd dagan ullill aljyell si °
'~.'n|jnni
2Br7(aq) + Cly(aq) = 2Cl " (aq) + Bry(aq)

jolall esjal dawal ¢igan (R)

jalall I angpdl aligii o aligrialdl JLaiil

ungpll ailigil Ll yglall go ailigialyl il ©

yngpl wligrll JIjidl &igaa (D)

Salial Jelailly §leiy logd auan il lon (sl
2Mg(s) + O5(g) = 2MgO(s)

Aamal al ¢iang aligriall 0, (rawma il auwisl (™)
Bawal Ll ¢ang aligial] Mg pguwienll )3 ciaaa
Aamal al ¢iang aligriall 0, a4l ada ©

Jiidl gl &iaag wiligriall Mg pguuienll &3 cuwisl (b))

dsilingall dlaleally @Glei) oy agan pé aylill aljuell si e
Salial @&anxgall dlolall
2Mg(s) + O,(g) = 2MgO(s)

alall gy aligrial] Jaiii J (R)

JIjial - dawal ga Jelaill

alall gy aligialyl Jdiii (¢)

waga gil | pgruienll §a Jgaii (D)

faran Jaiiy damaill dny b lon si - @
nawSlinac alajg aligriall Jelainll 2da) (A)
oawalinac Jdug wligriall Jelainll aday
nawali aac alajig ailigriall Jelainll (i) ©
nawali aac Jéig aliggiall Jelaionll cuni4y @



1 Differentiate between oxidation and reduction in terms of electrons, oxygen and hydrogen (cont.)

e Regarding the redox reaction below, which of the following is
correct?
Mg(s) + Cl,(g) -~ MgCly(s)
(Atomic numbers: Mg = 12, Cl = 17)
@ 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 the reaction 2Al + 3Cl, - 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
(o) Both Al'and Cl, lose electrons

Learning outcome - pleill datii

fatan il oo (si.olial JIfiadlg dawsill Jelaiy (Glei lota
i i Mg(s) + Cly(g) = MgCl,(s)
(CI=17.Mg = 12:5)all 2a2ll)

pouuien aja Jal Taalg ligriall jglall éj aiai (R)

Jgls @ja Yol lanlg ligrial] pgruionll )3 aini

jalall aja camali @

pguulionll dja clfial @

Sdauan audlill aljuell i 2Al+3Cl, - 2AICI, Jclaill g (@3
jolall cilja Lguuiaig cligrial] potingll cilja 2dai (A)

Jiialg ailigriall pgiinglill ciljy cuniai

unslifg aligriall jglall aliyja aaai (¢)

aligriall Cl, g Al yn J5 244i (D)

Inspire (English)

Define oxidation number

The number of protons in the nucleus of the atom
The number of valence electrons in the atom only
@ The number of atoms in one formula unit

8 Which statement correctly defines oxidation number?

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

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

@ K:0 -~ +1and Cl: 0 - -1
K:0 -~ -1andCL: 0 - +1
@ K:+1 - 0andCl:-1-0
@ Both stay unchanged
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awalill aac wajc o3 Tebled 5
Sluan Laypei awmslill aac wjei é)lic l§i
ajall algi _a aligigpll 2ac g
haa ajall g galsil aligrall ac
anll dang A aljall aac @
Lglijial gi Lgiawal aaja e Jad ggudll gl dyall gief 2ac (D)

Sauwblill alacil énay 13ko 2K + Cly - 2KCl Jelaill _a
1-JI0gn:Clg 1+ J10 o :K
1+LJLOU_D:CIQ1—LJLOU_D:K
0d!1—L}D:CIQOLJ!1+L}D:K©

jigi yga lnals iy ()



2 Define oxidation number (cont.)

Which of the following is written correctly as an dinun gutlg aw4liaaes daan adiphy aib LU loo ,5i
oxidation number rather than an ionic charge? N ‘.',Jgn.li

@ 3+ 3+

AIR* A3
(©3 3(0)
@ "3 +3 @

/M When a species is reduced, its oxidation number ... oo L@amalinac yla daln JAd Loaic 4
increases because it gains electrons aligrial] uniai lgill alajs o
increases because it loses electrons aligriall aaai lgill alajy
@ does not change jrsiy 1l @
@ decreases because it gains electrons cligiial] cuniai Lgill Jé @
e The oxidation number of an uncombined element such . Sqluus Sg gl 0, Jin jall paiell awmaliaac g

asO,orSgis ... _2

@ -2 +2 ‘
*2 equal to the group number (c)

@ equal to the group number

(0) 0 0 (D)
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Learning outcome - pleoill da1ii Inspire (English)

Define oxidizing agent and reducing agent

. . Table 2 6
Jianll Jolellg awagall (Jolell wajc
Which of the following is NOT true about X in the figure Salial Jaull aXJga anan pe Lulnn 5i
shown below? ailigriall adey X
(A) X loses electrons aumaling dj"b'_D‘LJ_DLC X
X is the reducing agent and becomes oxidized :,.|.JJ-J % 16l 9ac @

@ The oxidation number of X increases . .
b
@ X is the oxidizing agent and becomes reduced Jialg awsgo Jo @

X /;:“’"S\A Y

Which pair correctly identifies the agents in Fe + 2Ag™ - Jelaill La a1nn J9iu ilolell 222y 2gj Sl a

Fe?* + 2Ag ? i S Fe + 2Ag* - Fe2* + 2Ag
@ Reducing agent: Ag* ; Oxidizing agent: Fe Fe :nu4gnll Jolell : Ag* :Jjianll Jolell @
Reducing agent: Fe ; Oxidizing agent: Ag* Ag*:awagall Jolell ! Fe : Jfianll Jolell
@ Reducing agent: Fe2* ; Oxidizing agent: Ag Ag :awagall Jololl | Fe?* : Jjianll Jolsll @
@ Reducing agent: Ag ; Oxidizing agent: Fe?* Fe?* awadnll Jolell 1 Ag ; fanll Jolsll @

An oxidizing agent is a substance that ... ... 02lo ga& aw4gall Jolell
8donates electrons and is itself oxidized lpwai & J_Lui,ijjg ailigrial Ll aini
accepts electrons and is itself oxidized lgunai L& 1waliig aligialul Jidimi
@ accepts electrons and is itself reduced lgwai La Jjiaig ciligrialul Jidimi @
@ donates electrons and is itself reduced Lg_m_cu LA LJJ'D.IQ ciligiialyll aini @
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3 Define oxidizing agent and reducing agent (cont.)

o Chlorine bleach contains NaClO. Which statement explains why it
whitens clothes?

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

@ NaClO is an oxidizing agent: chlorine changes from +1to -1 while it
oxidizes the dye

In Mg + I, - Mgl,, which statement is correct?
8 Mg is the oxidizing agent because it forms a positive ion
I, is the reducing agent because its oxidation number falls to -1
@ Mg is the reducing agent because its oxidation number rises from 0 to +2

(D) Both Mg and I, are oxidized

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

@ X readily gains electrons, so it is easily reduced

X always contains oxygen

@ X readily loses electrons, so it is easily oxidized

@ The oxidation number of X decreases during the reaction

Learning outcome - pleoill dauii

QLT G HAT Bylic 1 .NaCIO e yulall o s (@)
) Sgwilnll
aginll alljial clifl 1+ (I 1- o jglall awsli 3ac poi :Jfian Jolc NaClO @
0 JJI 1+ o pgiagall awali aac poil :awsgn Jole NaClO
Jjia lg amaliy 1 NaClo ()
asunll ainwal eliff 1- U 1+ g0 jglall awaliaac poiy :awsgo Jole NaCIo (b)

Sdauan aljuell si Mg + 1, » Mgl, Jclaill _a
lago ligil ggay aill amsdo Jole Mg
1- Ul yadiy 0awmali aac gil Jjian Jole 1,
2+ 10 yo alajg aawslinac gl Jjian Jole Mg (¢)
I, g Mg go g5 awsliy (p)

Jg4ai gi a1l Ll Lon éjlic s .sgd Jfian Jole Lgili X dalall c1ang e
algguy Jiial Lga 12l dlgguy ailigiialyl X cuuiai (A)

Jrawal e [nfla X sgiai

algguu 2walii Lga I3l dlgguy ciligialll X aaai (¢)

Jelaill cliff X awaliaac jndi ()

Inspire (English)

Identify the oxidizing agent in a redox reaction

JIfialg damal Jelai (g awbgall Jolell 230

’ What is the oxidizing agent in the following reaction?
Na,SO,(s) + 4C(s) -~ Na,S(s) + 4CO(g)
®c

(8) CO

@ Na,SO,

(D) Na,S
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Table 2 - Example 1 56,8

SLI Jeldill L ansgall Jolell Lo
Na,S0,(s) + 4C(s) = Na,S(s) + 4CO(g)
30
co
Na,SO, (c)
Na,S (D)



4 Identify the oxidizing agent in a redox reaction (cont.)

What is the oxidizing agent in the following reaction?
Fe + 2Ag* - Fe?* + 2Ag

@ Fe
Ag*
@ Fe2*
® hs

° 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 O to +3
The reducing agent is Mg and its oxidation number changes from 0 to +2
@ The oxidizing agent is Mg and its oxidation number changes from 0O to +2
@ The reducing agent is N, and its oxidation number changes from 0 to -3

In the reaction Ni + Cu?* _. Ni?* + Cu, which statement is correct?
@ Ni is oxidized and Cu?* is the oxidizing agent
Ni is reduced and Cu?* is the reducing agent
© Ni2?* is the oxidizing agent
(D) Cuis oxidized

Which species is the oxidizing agent in 2Al + 3Cl, - 2AICI;?

(») Al
AICI,
© Cl,
@ AIR*

What is the oxidizing agent in Na,SO, + 4C - Na,S + 4CO?
(a) C

co
@ Na,SO,
@ Na,S

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

§ LNl Jeldill LA awsgall Jolell Lo
Fe + 2Ag* - Fe?* + 2Ag

Fe @

Ag*

Fe?* ©

Ag @

fasan il oo (i alial Jlfiadlg amaill Jelaiy Gleoi) Loga

3Mg + N, » Mg;N,

(N=7.Mg=12 :,§J'JJI 1aell)
3+ J10 g0 oawAli aac poiig N, ga awsgall Jolell ®
2+ JI10 g0 oawAli aac poiig Mg ga Jjianll Jolell
2+ J1 0 go oawAli aac poiig Mg ga awadall Jolell ©
3- JI0 g0 oawAli aac poiig N, ga Jfiaall Jolell @

S@auan éjlic siNi + Cu?* - NiZ* + Cu Jelaill _a
am4dall Jolell ga Cu?* g Ni awAliy (®
Jianll Jolell ga Cu?* g Ni Jjiag
aw4gall Jolell ga Ni?* @
Cu waliy @

$2Al + 3Cl, - 2AICl; L 2magnll Jolell ga ggi sl e
Al (n)

AICI,

Cl, (o)

A|3+ @

€ Na,S0, + 4C - Na,S + 4C0 Jclaill _a 2magnll Jololiln (@8
0
co

Na,S0, (¢)

Na,S (p)
@



Learning outcome - pleoill da1ii

Identify the reducing agent in a redox reaction

JIfialg damal Jelai g Jjianll Jolell 232

Which of the following is the reducing agent in the following reaction?
Ca(s) + Zn%*(aq) - Ca%*(aq) + Zn(s)

@ Ca(s)
Zn?*(aq)
@ Ca?*(aq)
@ Zn(s)

What is the reducing agent in the following reaction?
H,S(g) + Cl,(g) - S(s) + 2HCl(g)

® cl
S

(©) HoS
() Hel

Which of the following is the reducing agent in the following reaction?
2Ce(s) + 3Cu?*(ag) — 3Cu(s) + 2Ce%*(ag)

@ Cu
cu*
© ce®*
@ Ce

In the reaction Cl, + 2I” - 2CI” + |, which is the oxidizing agent and which is the

reducing agent?
@ Oxidizing agent: Cl,; reducing agent: I
Oxidizing agent: I”; reducing agent: Cl,
@ Oxidizing agent: CI~; reducing agent: I,
@ Both are oxidizing agents

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

@ Zn?*
Ca?*
@ Ca
@ Zn

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Inspire (English) Page

Table 2 - Practice 3, 4 56,8

s Lill Jelaill La Jjianll Jolell ga Ll oo si
Ca(s) + Zn?*(ag) =» CaZ*(aq) + Zn(s)

Cas (a)

Zn%*(ag)

Ca?*(ag) @

Znis) (D)

S Jelaill _a Jfidall Jolell Lo e
H,Sig) + Cl,(g) = Sis) + 2HCl(g)

Cl, (a)

s

H,S @

HCI @

s Jelaill _a Jfianll Jolell ga b Lon sl
2Ce(s) + 3Cu?*(ag) = 3Cu(s) + 2Ce3*(ag)

Cu @

Cu2+

cedt @

Ce @

SJfianll Logyig ambdall Jolell Logyi Cl, + 217 » 2C17 + 1, Jelaill o (@
I~ Jfianllg Cl, awagall
Cl, Jiianllg I” aw4gnll
I, Jjianllg CI” awsgall (C)
awSgo Jole loads (p)

§Ca+Zn** » Ca®" + Zn Yelaill _a Jjiall Jolell Lo

7n2* ®
Ca2+
Ca @
Zn @



5 Identify the reducing agent in a redox reaction (cont.)

6 What is the reducing agent in H,S + Cl, -~ S + 2HCI ? ¢H,S + Cl, » S + 2HCI Jclaill _a Jfanll Jolell Lo 6
(a) Cl, Cl, (a)

S
O s ®
(© H, H,S ()
@HCI HCI
®

Learning outcome - ploill ayii Inspire (English)

Distinguish oxidation from reduction using the change in oxidation number

26l 1ac o psill iy Il dlac go Aawaill dulnc fin Table 1- Table 2 - Example 1 5,6,8
° Which of the following is correct? faian UJU lon Gi
2F-(aq) + Iz(aq) — Fz(aq) + 2|_(aQ) 2F_(aq) + Iz(aq) - Fz(aq) iy ZI—(aq)
@ The fluoride ions receive electrons from the iodine and it is reduced JIal Lgd ¢nug agul o ciligall ajglall ngJT T @

The fluoride ions receive electrons from the iodine and it is oxidized

daumal gl ¢iaaig gyl o ciliggial] ayglall aligyf Juiwi
B4 al ¢nig yjglall aligl go aligiial] agul Jdiuy (¢)
Jifial al g ayglall aligil go aligrial] agul Judiu (D)

@ The iodine receives electrons from the fluoride ions and it is oxidized
@ The iodine receives electrons from the fluoride ions and it is reduced

° Which of the following was oxidized in the following reaction? Sl Jelaill _a awmalii Wl lon ,5i °
2Na + 2H* _ 2Na* + H, i 2Na + 2H* - 2Na* +H,

@ Na* Na*

() Na Na

i
2 H, (D)

What is the change of the oxidation number of chlorine in the caullill digjgnll daviliniall dlalenll (g jglall awaliaac A peill Lo

following balanced chemical equation? 2KBr(aq) + Cl,(g) = 2KCl(aq) + Br()

2KBr(aq) + Cl,(g) — 2KCl(aq) + Br,()) 1- JI0 g0 @
(A) From O to -1 OUJI1-1}D
(8) From -1t0 0 2—L_‘,II0QD©
@ From O to -2 )
@From—ZtoO 0d12—(m®
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6 Distinguish oxidation from reduction using the change in oxidation number (cont.)

Rusting of iron: 4Fe + 30, - 2Fe,04
NaOH + HCI - NaCl + H,0
@ AgNO; + NaCl - AgCl + NaNO4
@ BaCl, + Na,SO, -~ BaSO, + 2NaCl

Which of the following processes is a redox process? sJljialg Aawai dulac aof aulill alloell éi 4
(») Rusting of iron: 4Fe + 30, — 2Fe, 04
NaOH + HCI - NaCl + H,0
AgNO; + NaCl - AgCl + NaNO; (©)
BaCl, + Na,SO, - BaS0O, + 2NaCl (D)

g Which of the following is NOT a redox reaction? tdljialg Bawal Jelai gud adlill Guclaill .éi
Zn + CuSO, - ZnSO, + Cu Zn + CuSO, -» ZnS0O, + Cu g
2H; + 0, - 2H,0 2H, + O, - 2H,0
(c) Cl + 2KBr — 2KCl + Br, Cl, + 2KBr — 2KCl + Br, ()
@ AgNO; + NaCl - AgCl + NaNO, AgNO; + NaCl - AgCl + NaNO; @

InN, + 3H, - 2NH;, what are the changes in oxidation Sawmalill 2ac A dlpeill Lo N, + 3H, = 2NH; Jclaill _a 6
number? (BawAl) 1+ J1 0 go :H  (JIfial) 3- 10 go:N (A)
@ N: 0 -~ -3 (reduced) ; H: 0 - +1 (oxidized) (1N 1= J1 0 g0 H ¢ (B2wsl) 3+ JI 0 o :N

N: 0 - +3 (oxidized) ; H: 0 — -1 (reduced) 40 1 1010 H (Brwah 3 110 13N
(¢) N: 0 -3 (oxidized) ; H: 0 ~ +1 (reduced) W 1+ 10 goH: (8 )3-hogaN (0

(P) No change in either element Guaiell go sl A i @

Learning outcome - pleoill Gyl Inspire (English) Page

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

. . . . . c Table 3 - Example 2 9-10
(dhpuull gunll) aligilllg albpall (a4 aljall 2wl alacl cual
a In which of the following formulas does the oxidation number A aic Lalian (pauwaill awaliaac U9y adlill gunll 5i A a
of oxygen differ from that in the other formulas? ) Sgunll dudy

@ NO, NO, @
NO NO
(©) H0 H,0 (¢)
(D) H,0, H,0, (5)

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589 Q



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

e What is the correct descending order of the following formulas according do A Jrawadll awaliaac wun adlill gunll auanldl JjLENH cdyill Lo e
to the oxidation number of oxygen in each of them? ) )

H,0,-H,0-0,-OF,
(R) Hy0 - OF, - H,0, - 0,
0, — H,0, — OF, - H,0
(©) OF; ~ 0, ~ H,0, ~ H,0
(D) Hy0 — H,0, - 0, — OF,

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 sum of the oxidation numbers in a neutral compound is zero
@ The oxidation number of hydrogen in metal hydrides equals +1

When it is bonded to itself
In peroxide compounds
@ In oxide compounds
@ When it is bonded to fluorine

When is the oxidation number of oxygen positive?

Which statement about the oxidation number of nitrogen in N,Og is
correct?

@ Itis +10
Itis +5
@ Itis -5
@ Itis +2.5

What is the oxidation number of Cl in KCIO;?
(») +7

® +3
@—1
© +5

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Slgin
OF2 - 02 . Hzo - H202

H,0 -» OF, » H,0,- 0, @
0, - H,0, - OF, » H,0
OF, -~ 0,-H,0,-H,0 (¢)
H,0 - H,0, - 0, - OF; (b)

S@agan pié 2wl alac ajaaiaclgé go i
ljan sghuy 12in ji¢ paic )l awalill 2ac g
1+ sgluwy ()92l Jgaall L 1 dcgnanll o niel 2wl 2ac
ljan Sgluy Jalein (5o g 2w Alill alacl £9020 @
1+ (sgluy ailjlall cilaa (o gagjugl awslil 2ac @

SLagn Jrawaill amaliaac ggas sin
wai go hiy loaic (a)
awls il gga alisje g
aulbilabse 4 @
Jolall go hiiy loaic (D)

Itis +10

Itis +5 .
Itis -5 @
Itis +2.5 @

¢N,O5 LA Jragyisll awaliaac J< daan dgjlic @i g

SKCIO; _f Cl awaliaac Lo e

+7®
+3.
_1@
+5®



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

NO,
N,0 N,O
(©) HNO, HNO; ()
(o) NH,* 3
NH," ()

g In which compound does nitrogen have the lowest oxidation number? sl (agpiill awm4liaac Jgal uyn éi A g
NO,

Learning outcome - ploill i Inspire (English) Page

Assign oxidation numbers in polyatomic ions and oxy-compounds and compare them

lpi JJlag aiawalll alisjallg aljall daaein ciligill g awalil alach quwal Table 3 - Example 2 9-10

° In which of the following formulas is the oxidation number of Sg4ny Lo Al jriaioll amaiiaac Jgau aulill guall si A

manganese the greatest? “KIV.I.nO4
KMnO, MnO,

MnO,
MnClI

(& Mncl, 2 (©)
(®) K,Mno, K:MnO, ()
a What is the correct ascending order of the following formulas A Jjglall awaliaae wunn adlill el annll saclnill ayiyill Lo °

according to the oxidation number of chlorine in each of them? N ) Slgin J4

Cl, - NaCl-KCIlO, -KCIO KCIO - KCIO, - NaCl - Cl,
(a) NaCl - Cl, - KCIO - KCIO, NaCl - Cl, - KCIO - KCIO, (R)

Cl, - NaCl - KClO, - KCIO
(c) KCIO, — NaCl - Cl, - KCIO
(D) KCIO, - KCIO - Cl, - NaCl

Cl, » NaCl -» KCIO, —» KCIO
KCIO, —» NaCl - Cl, —» KCIO @
KCIO, —» KCIO - CI, —» NaCl @

What is the oxidation number of chromium (Cr) in the following ion? saullill gguill d21n (g (Cr) pgpall mic awaliiaac o
Cr042' h Cr042—
® +2 2 ®
-2
=2
& +o ©
+6 @

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589 Q



8 Assign oxidation numbers in polyatomic ions and oxy-compounds and compare them (cont.)

transition metal)? 2w Alill alact caial
ayjall alac il callisl

ailigigpul alaci callisl @

aligrialdl alaci wailial ®

What probably accounts for the different colors of copper compounds (copper is a (JLdiil jla gulaill) (_‘db_.j'_n.ll A 2890 ga oS guhill albgn ,Jlgji wlisl (a4 wwll Lo

@ Differences in oxidation numbers
Differences in atomic numbers
@ Differences in protons numbers
@ Differences in electrons numbers

e What is the oxidation number of Cr in K,Cr,0,? ¢K,Cr,0, aCr awaiiaac Lo e
@ +6 " +6 @
Y +7 .
@ +3 +3 @
@ 12 +12 (D)

e The oxidation number of Mn in KMnOQ, is... ..ga KMnO, A Mn awaliaac °
@ +4 +4 @
:Z +7 .
@ +2 @
@ +5 +5 @

Which species has the element with the highest oxidation number? Samalinac Llelll pniell (sgau glgidll ,5i
() MnO, (Mn) MnO, (Mn) ()
MnO," (Mn) MnO," (Mn)
© Mn* Mn?* (©)
(®) Mn,0; (Mn) Mn,0; (Mn) (D)

Learning outcome - pleoill dayii Inspire (English)

Determine oxidation numbers in complex formulas (average values, peroxides, mixed oxides, complex ions)

. e . P . L . . . Table 3 - Practice 5-8 9-10
(dadenll aligilll, dhlianll apnlail, apnlsill Gga , dhuwginll pudll) dadenll ginll A A Alill alacl wunnl

0 Which of the following has the lowest oxidation number of nitrogen (N)? €(N) Jragpisill awaliiaac Lj.iii anl b lon 6i °
N,O0-NH;-N,-NO, NO, - N, - NH; - N,O
(®) N,0 N,O @

NH; NH,
©N, N, @
(© No, NO, (5)

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589 e



9 Determine oxidation numbers in complex formulas (average values, peroxides, mixed oxides, complex ions) (cont.)

(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

®1and2
2and 3
@ 1and 4

3and 4
L ®

What is the explanation for the variation in iron rock colors shown in the figure?

_ . -\
(LN jL& 332211) Saliaf Jauiul A 8aAgall aaall jgan gigli ggif punaila °

anall dalisn amw4lialacl agag 1)

sl galen d1i agag gga jganll i il 2l agag 2)
aaall asliiin am4li aac agag 3)

jganll LA sl galen agag 4)
2g1 @
3g2
4g1 @
4g3 @
J

s
What is the oxidation number of S in S,0,27?

Ohs
® *2
© 6
® *3

G

2- . £ N
€5,05°" LA Sawslizacln g
+4

+2.

30
3

Q)

-

@ +2.5
+2
(© +3

Ol
N

What is the average oxidation number of sulfur in the tetrathionate ion, S,0,%"?

+2.5

+2
+3 @
+6 @/

. . A )
§5,05°" ailigsi el ggal A Cuptall amsliaac huugio Lo

-

@)
® *3
© *4
® -2

G

What is the oxidation number of iron in K,Fe(CN), ? (CN is a —1ion)

- . )
1)- aiinuil CN ggai) § K,Fe(CN)g s 2aall awaiisac Lo g
+2

+3 .
+4 @
2

®/

the average oxidation number of iron?

@ +8/3
*2
© *3
@®© *4

\

Fe;0, contains iron in two oxidation states, Fe?* and Fe®*, in a 1: 2 ratio. What is

5 \
auuiisac hungin Lo .1: 2 duuii Fe3* g Fe?* guillay aaall e Fe;0, sgia e

Saanll

+8/3 @
+2
+3 @
+4 @/
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Learning outcome - pleoill dayii

Inspire (English)

Identify the species that is oxidized and the net change in its oxidation number
@2l nac g peill _alng awalii sill daloll 230

In the oxidation-number change S: -2 - +6, how many electrons are lost per S
atom?

@4
8
@6
() 2

How many electrons are transferred in 2Al + 3Cu?* . 2AIP* + 3Cu?
(») 6
2
(© 3
@ 5]

How many moles of electrons are transferred when 1 mol of Cr2072‘ completely
oxidizes Fe?* in acidic solution (Cr: +6 — +3)?

@3
2
(© 6
@14

In 2H,S + SO, - 3S + 2H,0, which statement is correct?
@ Sin SO, is oxidized and S in H,S is reduced
Oxygen is reduced from 0 to -2
@ S in H,S is oxidized (-2 - 0) and S in SO, is reduced (+4 - 0); 4 e~ are transferred
(D) 2 e are transferred

In the reaction Fe + 2HBr - FeBr, + H, , what is the oxidized species and its
change in oxidation number?

@H:+’IAO

Br:—‘I—>O
@Fe:0—>+2
@Fe:+2a0

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Check Your Progress 9 - 14 "

§S &3 g4 adidy ligfiall pa S: -2 - +6 2ualill 2ac pei 4

$2AI1 + 3Cu?* - 2A1P* + 3Cu g Jaiii ligfial] po

L4 Fe?* alligai Cr,0,2” 40 1 mol 1u4gy Loaic Jdiii aligrialyl ga gn p&
S(Cr: +6 = +3) SB0a huig A

3(®

2

5(©

14 @

Séayan aljbell si2H,S + SO, - 38 + 2H,0 Jelaill 4 (@
“ H,S 'S Jjtalg SO, (4 S sl
2- JI0 g0 grawms il Jjiag
aligriall 4 Jdiiig SO, (+4 - 0) (A'S Jjiaig H,S (-2 - 0) (4 S awally (T)
gligrial] Jaiii (D)

Slaanaii aac peig dawslinll dalall Lo Fe + 2HBr - FeBr, + H, Jclaill _a
0l 1+ gn:H
0 1-yo:Br (B)
2+ JI0yn:Fe @
0 Jl2+yn:Fe @



10 | Identify the species that is oxidized and the net change in its oxidation number (cont.)

Which element is oxidized inC + O, — CO, ? €C+0,-CO, Jclaill _a awaliy paic i 6
(a) Oxygen, 0 — -2 P L0 go u—u.u.nbﬂl
Carbon, 0 - +4 4+ )10 o gguall
@ Carbon, +4 - 0 0 Jl 4+ o gguall @

(D) Both elements len iy I@

Learning outcome - pleill daiii Inspire (English)

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

2w 9ac i peill _alng Jiad (il 8alall 333 Check Your Progress 9 -14 T
a In 3Cu + 8HNO, — 3Cu(NO;), + 2NO + 4H,0, which statement is &jlic si3Cu + 8HNO, - 3Cu(NO,), + 2NO + 4H,0 Jelaill g G
correct? N oo
@ Nitrogen is oxidized from +5 to +2 2+ _JI 5+ (0 ogrisill 2wl @
Nitrogen is reduced from +5 to +2 and copper is oxidized from 0 to +2 2+ J10 g0 Lulaill 1malig 2+ I 5+ 0 gogrdll Jfiai

@ Copper is reduced from 0 to +2

2+ . 0 il Jjiad
(p) Hydrogen is oxidized from +1to 0 10 go yuhaill @

0 I 1+ ga gagiapll 2wsli (D)

° In Fe + 2HBr - FeBr, + H, , which element is reduced and what is neill _Aln Log Jjad mic ,5i Fe + 2HBr - FeBr, + H, Jclaill _a °

the net change per atom? fa)a Jal

Br: -1 - 0 (net +1) - S
@F oo 1)+ AL0) 0 I 1- o : Br (a)
He-.+’lﬁ0 (ne 1 ) 2)+ fln) 2+ JI0 o Fe (B)
() H:+1~ 0 (net-1) 1)- Aln) 0 JI 1+ ga:H (o)

H:0 - +1 t+1
@ *1{net =1 ’I)+QdLD)’I+uJ!OU.D:H®

What is the net change in the oxidation number of Mn when ¢ Mn?* _JIMnO,~ Jgaiaic Mn awaiiaac (g peill _Aln Lo
MnO," is converted to Mn?* ? ) ) 5

o O
© 7 i
@+2 +2®
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1

¥ Which species is reduced in the reaction Zn + Cu?* . Zn?* + Cu?
(A) Zn (0 - +2)

Zn%* (+2 . 0)
@ Cu (0 - +2)

@ Cu?* (+2 - 0)

o In 2KBr + Cl, ~ 2KCI + Br, , the total decrease in oxidation number equals

@1
4
@o

@ 2 (two Cl atoms, each 0 - -1)

Which half-reaction shows a reduction in which the oxidation number of
the element decreases by 3?

(r) Fe** +e” — Fe?*
Cu?* +2e” - Cu
(©) Al - AP* + 3e”

@ Fed* + 3e” - Fe

Learning outcome - pleoill dayii

Identify the species that is reduced and the net change in its oxidation number (cont.)

€Zn + Cu?* = Zn?* + Cu Jclaill A Jjiad ggi tSi
2K J10 o) Zn (n)
0) JI 2+ o) Zn**
2)+ J10 o) Cu (C)
0) JI 2+ o) Cu®* (p)

awsiill 3ac i gaiill Jloa] sglus 2KBr + Cl, - 2KCl + Br, Jeldill o

...1®
“ (&
0©

1)-J10 yo lagin Jaljgla j3) 2 (D)
€3 Jlading paicl |mbijaxu+a.pau"'__mjijldin,gd;wmm§i

6
Fe3* +e - Fe?*

Cu?*+2e - Cu

Al - AP + 3e” @
Fe3* + 3e- > Fe @

Inspire (English)

Page

State the steps of balancing a redox equation in acidic medium by the half-reaction method

12

Jelaill wni ddyn sanall hugll _a Jljiallg daws il dlalen gjg alghi paal

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 equals the number of electrons 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 is more than the number gained in
reduction

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Table 6 17

hun piy . Jelaill dni ddyph plaaimb Jljiadlg 6awa il Gualen Jjg aic o
Ungu.lij.cLa.lJluu.mqunLq.n
Jidul A dunisoll aligialdl aac sgluy Anaill A dagdanll aligrialyl aac @
Jiiddl LA duniaoll aligialdl aac caeh Aaw Al A dagdanll aligiialll aac
Jidul A dunisoll aligialdl aac go Jal aamaill A agdandl aligiialil aac @
Jiidul A duniaoll aligialdl aac g0 pal sl A 6agdanll aligrialll aac @



12 | State the steps of balancing a redox equation in acidic medium by the half-reaction method (cont.)

When balancing half-reactions of a redox equation using the
half-reaction method in acidic solution, H,O molecules are used

to balance:

@ electrons e~

hydrogen atoms
@ OH™ ions

(D) oxygen atoms

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
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~

(p) Balance atoms (not O, H) — add H,0 for O — add H* for H . add e~
for charge

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

(A) MnO,~ + 4H* + 3e™ ~ Mn?* + 2H,0

MnO,~ + 8H* + 5~ — Mn?* + 4H,0

(c) MnO,™ + 8H* — Mn?" + 4H,0 + Se”

(D) MnO,~ + 8H* + 7e” — Mn?* + 4H,0

6 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?

@ MnZ2* and Sn4*

H* and MnO,~

@ Sn?* and CI-

@ K* and CI-

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

adyyh plaaiwl JIjiadlg Guwail dalen Jolai ani gjg aic 0
:0jg] H,0 cilisja pladiwl pi) wstanall Jglanll g Jeldill wni

e~ uligrialyl @

Jiagjagll alja

OH~ uiligyi ©

gruwalil als (o)

§,5A02 huug A 2alg Jeldi wni gjgl a1an iy s g
ailall gjlg O « 1H,0 wni H « 1H* wanl « dinuill e™ wani

ailjall gjlge” « wani 0 « 1H,0 wni H « 1H* wnli

e~ wnl « aljall gjlg 0 « 1H,0 wani H « 1 OH™ wani ©

H « dijlgnl H* cani O « dijlgnl H,0 wani H) « g O lac) ailjall uilg (D)
dinuhll aijlgnl e cani

Jgaill aranll ggjgall Jljiaul wani Jinj dllen sf °
f,sana hug AMNO,” - Mn2*

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

ciligaill s KMnO,, + SnCl, + HCI » MnCl, + SnCl, + H,0 + KCI
fdalalnll CIJ.Ing." dlalenll jn Wdiaig dajain
Mn2* and Sn** @

H*and MnO,~

Sn2*and CI- @

Cl-gK* @
(15

agjgall jé Jelaill i e



12 | State the steps of balancing a redox equation in acidic medium by the half-reaction method (cont.)

In balancing MnO,~ + Sn?* _ Mn?* + Sn** , how many electrons are

exchanged in the balanced equation?
(a) 2
5
(c)7
(p) 10

Learning outcome - pleoill daii

dlaleall LA Jalyis ligiiall p& MnO,~ + Sn2* » Mn?* + Sn* (g aic e

fdigjgall
2 (a)
5
7(©
10 @

Inspire (English)

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

13 Jljialg éawai Jelail Jlfiadlg ﬁ:\_Lubﬂld_ch.]',__,a_n_l' i aial

n In the redox reaction below, what represents the oxidation half-
reaction and the reduction half-reaction?
2Br~ + Cl, - Br, + 2CI~
@ Reduction: 2Br~ + 2e~ - Br, | Oxidation: Cl, - 2CI~ + 2e~
Reduction: Cl, — 2CI~ + 2e~ | Oxidation: 2Br~ + 2e~ - Br,
(c) Reduction: 2Br~ — Br, + 2e” | Oxidation: Cl, + 2e™ ~ 2CI”
(p) Reduction: Cl, + 2e” — 2CI” | Oxidation: 2Br~  Br, + 2e”

Which of the following is NOT an example of a half-reaction?
g 2H* + 2™ - H,

Cl, + 2e” - 2CI

(c) Fe - Fe3* + 3e”

(D) 2Fe + 3Cl, - 2FeCly

e What is the oxidation half-reaction for the redox reaction shown
below?
Ni(s) + CuCl,(aq) - Cu(s) + NiCl,(aq)

@ Cu?* +2e” - Cu

Ni - Ni?* + 2e-

© Ni%* + 2e” - Ni

@ Cu - Cu®" + 2e”

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

Fig. 8 - Table 5 16-17

Baws il Jeldi L ani Jing sall o aliaf Jljiadlg Grns il Jelai °

fdljiadig
2Br~ + Cl, -» Br, + 2CI~

Cl, = 2CI™ + 2e™:42wAlll | 2Br~ + 2e™ - Br, :JIjia Ll @
2Br~ + 2" = Bry :8ama1ll | Cl, » 2C17 + 2e~ JIfial
Cl, + 2e” = 2CI™ :awAaill | 2Br™ = Br, + 2e™ :JIjia Ll @
2Br™ - Bry + 2e”:824111 | Cly + 27 - 2CI7:Jljiaull (D)

sdclai wni e dilio guy Ll oo sl
2H* +2e" - H, g
Cl, + 2e” - 2CI~
Fe—Fe® +3e” (¢)
2Fe +3Cl, - 2FeCl; (D)

Solial angnll JIfiadlg damaill Jelail dama il Jeldi @ni Lo
Ni(s) + CuCl,(aq) = Cu(s) + NiCly(aq)

Cu?* +2e - Cu ()

Ni - Ni?* + 2e”

Ni%* +2e” > Ni (¢)

Cu - Cu?* +2e” @

(10



13  Write the oxidation and reduction half-reactions of a redox reaction (cont.)

What is the oxidation half-reaction of the net ionic equation shown below?
2Na(s) + Cly(g) — 2Na* + 2CI~

@ Na - Na* + e~
Na* +e” - Na
(©) Clp +2e” — 2CI°
(D) 2CI" - Cly + 2¢”

e Which of the following half-reactions are reductions?
(1) Al - AP* +3e” (2) Cu** + €™ - Cu* (3) 2F™ - F, + 2e” (4) Zn** + 2e” - Zn

(a) 3and 4
2 and 4
@ 2 and 3
®1and2

What should be the value of X to balance the following half-reaction?
MnO,~ + 8H* + Xe~ -~ Mn?* + 4H,0

@ 1

2

(© 3

@ 5

° What should be the value of X to balance the following half-reaction?
NO;™ + 10H* + 8e™ -~ NH,* + XH20

( 3
® 5
(© 6
(® 10

e 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?
(a) Au* = 2and Sn** =3
Au®* = 3and Sn?* = 2
(c) Au® =1and Sn* =1
@ Au®* = 3and Sn?* = 3
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Solial aahagall dgalnll drigaill dblenll L dausill Jolai wdni o °
2Nags) + Cl,(g) = 2Na™ + 2CI”
Na—-Na*+e” @
Na®+e” > Na
Cl, + 2e” = 2CI~ @
2CI" > Cly + 2e” @

sJljial La aylill Jelaill @lnif sf e
(1) Al > AP* + 3¢ (2) Cu?* + ™ - Cu* (3) 2F" > F, + 2e” (4) Zn?* + 2" > Zn
4g3 @
4g?2
3g2 @
2g1 @

sl Jelaill cani dlalen dijigal X dngd ggai gi vy lalo
MnO,~ +8H* + Xe™ - Mn?* + 4H,0

u w N =

Ll Jelaill cani dlalen éijlgnl X dnud ,ng.lui dal lhln
NO;™ + 10H" +8e™ -» NH,* + XH20

o o Ul w

O GGG @ A

=

;gL JIfiadlg Gauwaill lelai lani cuhcd 131
(B2uu4l) Sn?* - Sn?* + 2e”
(JIfial) Au®* + 3e” > Au
aligrial] iy WAl Jelaill lgiany sill Au®* g Sn?* aligyi alacil Lialll aall ga Lo
Sanila
2

CIGICIO,

Sn?* =3gAu®*
Sn?*=2gAud*=3
Sn?*=1gAud*=1
Sn?*=3gAud*=3

(20)



Learning outcome - pleoill dayii Inspire (English) Page

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

14 ) o , L N Example 5 - Practice 23, 24 16-19
(algall allnlen) Jelaill cani ddyjhy shna huug A Jlfidlg dawal dlalen gjlg
“ Using the half-reaction method to balance the oxidation- dawa il Gulelai Jgjgl Jelaill ani dadiph plaaiwb 0
reduction reactions, what is the correct balanced A Sl Jelaill dGaanll digjgnll dlaleall Lo . Jljiadlg
equation for the following reaction in acidic solution? o ¢ .sanall Jglanll

l,(s) + S,0527(aq) — S,042 (aq) + 17(aq)
@ $,03%" + H,0 + 1, - S,0,% + 2H* + 2I°
$,03%7 + H,0 + 1, —~ S,0,2" + 2H* +I”
(C) 28,05% + 2H 0 + 1, — 285;0,%" + 4H* + 2I°
(D) S205%" + I + 2H* — S,0,%” + H,0 + 2I°

l(s) + S5032 (ag) = §2042'(aq) + |7 (aq)
$,03%" + HyO + 1, = S,0,% + 2H* + 217 (A)
S,032" +H,0 +1, > 5,0,2™ + 2H* + I~
25,05% +2H,0 +1, - 28,0,%7 + 4H* + 21" (¢)
$205%” + 15+ 2H* - $,0,%" + H,0 + 217 (D)

When the following redox equation is balanced in an Jolan (g ddlill JIaUdlg dawaill dlalen Jjg aic a
acidic solution, which of the following is correct? fann u—'“ lon 6i SAna
Cry0,% (aq) + Fe?*(aq) ~ Cr**(aq) + Fe®*(aq) Cry0,2"(aq) + Fe?*(ag) » Cr3*(ag) + Fe3*(ag)

(A) 7 H,0, on the reactants side; 14 H* on the products side ailgill dga g H* (gl 14 rillclainll aga o H,0 ailizja 7 @

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
(D) 14 H,0 on the reactants side; 7 H* on the products side

allelainll aga (o H* gl 14 12ilgill dga g Hy0 ailijja 7
allclainll agy o H aligi 7 1ilgill 4ga (A H,0 c(sj2 14 (¢)
ailgill aga _a H* ailigl] 7 waillelainll aga (aHy0 csja 14 (D)

e When using half-reactions to balance the redox equation B4 il dlalen gjgl Jelaill wani ddiyh pladiwl aic e
below in acidic solution, which of the following is the A U_.L Lon -.Si «stanall Jglanll (g4 aLial Jljiadlg
correct balanced equation? T T Sduanll digjgnll dlalenll
ClO53™ +S0O, - CI™ + 3042_ C|03— + 802 - Cl™ + So42—

(A) 350, + ClO;™ + 3H,0 — 350,% + CI™ + 6H*
3S0, + Cl0;™ + 6H* - 350,2™ + CI~ + 3H,0
(c) 280, + 3Cl0;™ + 6H* — 250,% + 3CI” + 3H,0
(D) 280, + 3CIO;™ + 3H,0 — 2S0,%" + 3CI™ + 6H*

350, + ClO;™ + 3H,0 - 380, + CI" + 6H* (a)
3S0, + ClO;™ + 6H* - 3S0,2™ + CI~ + 3H,0
280, +3Cl03™ + 6H* - 280,%™ + 3CI" + 3H,0 (¢)
250, + 3Cl05™ + 3H,0 - 250,%” + 3CI™ + 6H* (D)
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14  Balance a redox equation in acidic medium using half-reactions (coefficients of species) (cont.)

° Using the half-reaction method to balance the following redox
equation, what is the correct balanced equation for the reaction
below? (in acidic solution)

Cr,0,%"(aq) + 1" (aq) — Cr3*(aq) + l»(s)

(A) Cry0,% + 617 + 14H* . 2Cr®* + 31, + 7H,0

2Cr,0,2" + 217 + 14H* - 2Cr3* + 1, + 7H,0

(c) Cry0,% + 61" + 7H,0 — 2Cr®" + 31, + 14H*

(D) 2Cry0,%" + 61” + 28H" — 4Cr®" + 31, + 14H,0

When MnO," reacts with Fe?* in acidic solution to give Mn?* and
Fe3*, what is the coefficient of Fe?* in the balanced equation?

@1
5
@2
Ok

o Which reduction half-reaction is correctly balanced in acidic
solution?

() NO3™ + 2H* + &” ~ NO + H,0

NO;~ + 4H* + 5e~ — NO + 2H,0

(c) NOz™ + 8H* + 3e™ ~ NO + 4H,0

(D) NO3™ + 4H* + 3e” — NO + 2H,0

Which is the correct balanced equation for the following reaction

in acidic solution?

HCIO; — CIO, + HCIO, + H,0
(A) 2HCIO; — CIO, + HCIO, + H,0
3HCIO; - CIO, + 2HCIO, + H,0
(c) 3HCIO; - 2CIO, + HCIO, + H,0
(D) 4HCIO; - 3CIO, + HCIO, + 2H,0

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

JIfialllg daumaill dlalen gjgl Jeldill cini ddgph plaaiul °
Jglaall ) Saliaf Jelaill Gayanll digjgall dlaleall Lo &Ll

(sanall

Cr,0,2 (ag) + I"(ag) = Cr3*(ag) + l(s)
Cry0,%7 + 617 + 14H* - 2Cr®* + 31, + 7H,0 (a)
2Cr,0,27 + 21" + 14H* - 2Cr3* + 1, + 7H,0
Cry0,%” + 617+ 7H,0 - 2Cr®* + 31, + 14H* (©)
2Cry0,2” + 617+ 28H" - 4Cr®* + 3, + 14H,0 (D)

Fe3* g Mn?* (hgail shna huug A Fe?* go Mn0O,~ Jelai aic
Sdigjgall dlalenll g Fe?* Joleo Lo

e

5(®)

2

8

S §hna hung A Iagan ggjga YIB! Yeldi wni s
NO;™ +2H* + e > NO + H,0 (a)
NO;™ + 4H* + 56 - NO + 2H,0
NO;™ +8H" +3e” - NO + 4H,0 @
NO;™ + 4H* + 3e” - NO + 2H,0 @

A Ll Jelaill dGaganll digjgall dalenll ga Ll lon ,5i
fshana hiig
HCIO; - CIO, + HCIO, + H,0

2HCIO; —» CIO, + HCIO, + H,0 @

3HCIO; — CIO, + 2HCIO, + H,0

3HCIO; — 2CIO, + HCIO, + H,0 @

4HCIO5 - 3CIO, + HCIO, + 2H,0 @

(22)



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

Which is the correct balanced equation for the following reaction in
acidic solution?
NO,™ -~ NO + NO;~

@ 2NO,™ + 2H* ~ NO + NO3™ + H,0

3NO,™ + 4H* — 2NO + NO;™ + 2H,0

(c) 3NO,™ ~ 2NO + NO;™ + H,0

(D) 3NO,™ + 2H" ~ 2NO + NO;™ + H,0

Which is the correct balanced equation for the following reaction in
acidic solution?
CI" +NO;™ - CIO™ +NO

(A) 4H* + 3CI" + 2NO5™ — 3CIO™ + 2NO + 2H,0

2H* + 2CI~ + 3NO5;~ — 2CIO™ + 3NO + H,0

(c) 8H* + 3CI” + 2NO;™ -~ 3CIO™ + 2NO + 4H,0

(D) 2H* + 3CI" + 2NO;™ — 3CIO™ + 2NO + H,0

Which is the correct balanced equation for the following reaction in
acidic solution?
Cr,0,2" + Fe?* _ Cr3* + Fe**

(A) 14H* + Cr0,%" + 6Fe?" . 2Cr*" + 6Fe* + 7H,0

7H* + Cr,0,%™ + 6Fe?* ., 2Cr®* + 6Fe®* + 7H,0

(c) 14H* + Cr,0,%" + 3Fe?* — 2Cr** + 3Fe®" + 7H,0

(D) 8H* + Cr,0,%" + 6Fe?* _ 2Cr®* + 6Fe>* + 4H,0

Which is the correct balanced equation for the following reaction in
acidic solution?
HSO;™ +105™ — SO,% +1,

(A) 5HSO;3™ + 2105 — 550,% + 3H" + 1,

5HSO;™ + 2105 — 550,2" + 3H* + I, + H,0

(c) 5HSO;3™ + 2103” — 550,% + 2H" + 1, + H,0

(D) 5HSO;™ + 2105 + 3H" — 5S0,%” + 1, + H,0
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bung A Ll Jeldill Eapanll digjgall dlaleall ga L Lon s o
¢5nm
N02_ - NO + N03_

2NO,™ + 2H* -» NO + NO;™ + H,0 @
3NO,~ + 4H* - 2NO + NO3~ + 2H,0
3NO,™ - 2NO + NO;™ + H,0 @

3NO,™ + 2H* = 2NO + NO3™ + H,0 ®

hung _a JLill Jelaill Gapanll dgigjgall daleall ga Ll Lon s o
fshna
CI- +NO;~ - CIO™ + NO

4H* +3CI” + 2NO3™ = 3CIO™ + 2NO + 2H,0 (&)
2H* + 2CI~ + 3NO3™ - 2CIO™ + 3NO + H,0
8H" + 3CI” + 2NO,™ - 3CI0™ + 2NO + 4H,0 (T)
2H* + 3CI” + 2NO3™ - 3CIO™ + 2NO + H,0 @

hung i il Jelaill @aganll digjgall daleall ga Ll lon sl @
¢5nm
Cr,0,%” +Fe?* » Cr3* + Fe3*

14H* + Cr,0,2" + 6Fe2* -» 2Cr3* + 6Fe3* + 7H,0 @
7H* + Cr,0,%™ + 6Fe?* —» 2Cr3* + 6Fe3* + 7H,0
14H* + Cr,0,2" + 3Fe?* -» 2Cr3* + 3Fe3* + 7H,0 ©
8H* + Cr,0,%” + 6Fe?* - 2Cr®" + 6Fe* + 4H,0 (D)

g LA L Jeldill Gaandl digjgall daleall ga Lb Loo s a
HSO;™ +105,~ = S0,% +1,
5HSO5™ +2105™ 580, + 3H* +1, (A)
5HSO;™ + 2105~ » 550,42 + 3H* + 1, + H,0
5HSO;™ + 210537 = 580,%" + 2H* +1, + H,0 (C)
5HSO;™ + 21057 + 3H* 5 580,2” +1, + H,0 (D)

(23)



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

Which is the correct balanced equation for Zn + NO;™ - Jclaill daian aigjgn dlalen 6i @
Zn%* + NH,* in acidic solution? ¢.stana huig A Zn + NO3~ - Zn?* + NH:‘+
(A) Zn + NO5™ + 10H* — Zn?* + NH,* + 3H,0 Zn +NOg™ + 10H* - Zn2* + NH,* + 3H,0 (A)

4Zn + NO;™ + 8H* - 4Zn?* + NH,* + 3H,0
(c) 4Zn + NOz™ + 10H* ~ 4Zn*" + NH,* + 5H,0
(D) 4Zn + NO3™ + 10H* - 4Zn?* + NH,* + 3H,0

4Zn + NO;™ + 8H* - 4Zn?* + NH,* + 3H,0
4Zn + NO3™ + 10H* = 4Zn?* + NH,* + 5H,0 (¢)
4Zn + NO3™ + 10H* » 4Zn%* + NH,* + 3H,0 (D)

Which is the correct balanced equation for Mn?* + BiO;" Jclaill daian daigjgn dlalen ,5i @
~ MnO,~ + Bi** in acidic solution? ¢.stana hug A Mn?* + BiO3;~ - MnO,™ + Bis*
2+ A - + - i3+ - .

@ Mn®" + BiO3™ + 6H" —~ MnO,” + Bi*” + 3H,0 Mn2* + BiO3™ + 6H* > MnO,~ + Bi®* + 3H,0 @

2Mn?* + 5BiO;” + 14H* — 2MnO," + 5Bi®* + 7H,0
(c) 5Mn?* + 2BiO3” + 14H" ~ 5Mn0,” + 2Bi*" + 7H,0
(D) 2Mn** + 5BiO3™ + 7H* — 2MnO,~ + 5Bi** + 7H,0

2Mn?* + 5BiO;™ + 14H* - 2MnO,~ + 5Bi%* + 7H,0
5Mn2* + 2Bi03™ + 14H* —» 5Mn0,~ + 2Bi** + 7H,0 (¢)
2Mn?* + 5BiO3™ + 7H* - 2Mn0,~ + 5Bi** + 7H,0 (D)

Learning outcome - ploill dayli Inspire (English) Page

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

. . . e . B Table 6 - Example 5 16-18
(ailigrialdig H-0 g H* 1ac) (gana hug _a sl JIfidlg dawal allalen gjlg
° Which of the following is the correct balanced redox Jelail daianll digjgall daleall La LU Llon ,5i c
equation for the reaction using the half-reaction method Jelaill ni ddyph pladiwl Ll JIfiallg bl
(in acidic solution)? N S(.stana Jglan _A)

Cr,0,%" (aq) + Fe?*(aq) — Cr3*(aq) + Fe%*(aq)
(a) Cry0,%” + H* + Fe?* - 2Cr®" + Fe®" + H,0
Cr,0,%2” + 14H* + 6Fe?* _ 2Cr3* + 6Fe3* + 7H,0
@ Cr,0,2" + 7H* + Fe?* ., 2Cr3* + Fe3* + 7H,0
@ Cr,0,2" + H* + 6Fe?* _, 2Cr®* + 6Fe* + H,0

Cry0,% (ag) + Fe?*(aq) = Cr3*(ag) + Fe3*(aq)
Cr,0,2” + H* + Fe?* - 2Cr3* + Fe3* + H,0 @
Cr,0,%" + 14H* + 6Fe?* - 2Cr3* + 6Fe3* + 7H,0
Cr,0,%2” + 7H* + Fe?* -» 2Cr3* + Fe** + 7H,0 @
Cr,0,2” + H* + 6Fe?* — 2Cr%* + 6Fe* + H,0 (D)
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15  Balance more redox equations in acidic medium (H", H-O and electron counts) (cont.)

e 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 (ag) + NO3 (ag) — ClO™(aq) + NO(g)

(a) 3CI” + 2NO;3™ + 2H* — CIO™ + NO + H,0
2CI~ + 3NO;™ + 2H* - 2CIO™ + 3NO + H,0
(c) 3CI" + 2NO3™ + 2H" -~ 3CIO™ + 2NO + H,0
(D) CI" + NO3™ + H" —. CIO™ + 2NO + H,0

e 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)

(A) 2NO3™ + 3CI™ + 2H* - 3CIO™ + 2NO + H,0
2NO5™ + 3CI™ + H,0 — 3CIO™ + 2NO + 2H*
(c) 2NO4™ + 3CI™ + 3H,0 — 3CIO™ + 2NO + 2H*
(D) 2NO5™ + CI™ + 3H" - CIO™ + NO + H,0

What is the sum of coefficients when Zn + Ag* - Zn?* + Agiis
balanced?

@4
5
@6

(p) 3

What is the sum of all coefficients when Cr,0,2” + 6Fe?* + 14H* -, 2
Cr3* + 6Fe3* + 7H,0 is balanced? (reactants and products)

@36
30
(c) 24
@42
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Lo .JIfiadlg Bawaill Gulelai gjgd Jeldill wani ddiyh pladiwl °

fanall Jglaoll LA JJLill Jelaill Gaganll digjgall dlalenll
Cl™(ag) + NO3 (ag) = ClO™(ag) + NO(g)

3CI™+2NO5™ + 2H* - CI0™ + NO + H,0 ()
2CI~ + 3NO;™ + 2H* > 2CIO™ + 3NO + H,0
3CI" +2NO3™ + 2H* - 3CIO™ + 2NO + H,0 (¢)
CI”+NO;™ + H* - CIO™ + 2NO + H,0 (D)

ALl JIfiadlg dawall dalen gjg! Jelaill wni dédyph pladil e
Jglanll ) alial Jelaill aian Jaiiy digjgall dlalenll Lo

€(§|f;\.nzdl
Cl™(ag) + NO3™(ag) = ClO™(ag) + NO(g)

2NO;™ +3CI” + 2H* - 3CIO0™ + 2NO + H,0 (A)
2NO;™ + 3CI™ + H,0 - 3CIO™ + 2NO + 2H*
2NO;3™ +3CI™ + 3H,0 - 3CIO™ + 2NO + 2H* (¢)
2NO3™ + CI™ +3H* - CIO™ + NO + H,0 (D)

$Zn + Ag* - Zn?* + Ag Jjg aic Culolenll ggnan Lo
L

>(8)
JO,
(o)

digjgnll dalenll _a diolenll J5 g¢gnanln
S(ailgig cuulclain) Cr,0,2” + 6Fe?* + 14H* —» 2Cr3* + 6Fe3* + 7H,0

30.



15  Balance more redox equations in acidic medium (H", H-O and electron counts) (cont.)

° In the balanced equation 550,;%~ + 2MnO,” + 6H* —. 550, + 2Mn?* + 3

H,0, how many electrons are transferred in total?

@’IO
()5
@2
(@7

° Which is the correct balanced equation for the following reaction in
acidic solution?
I, + S,0527 = S,0,2 +1I

@ I, + $,0527 + Hy0 - S,0,%™ + 21 + 2H*

I, + S,0527 + 2H,0 - S,0,%™ + 21" + 4H*

(©) Iy + 8,05 ~ §,0,%7 + 21" + 2H*

(D) Ip + 28,057 + H,0 — $,0,%™ + 21" + 2H*

Which is the correct balanced equation for Cu + NO;~ — Cu?* + NOin
acidic solution?

(R) 3Cu + 2NO3™ + 4H* — 3Cu?" + 2NO + 2H,0
2Cu + 3NO;™ + 8H* - 2Cu?* + 3NO + 4H,0
(c) 3Cu + 2NOZ™ + 8H* — 3Cu®" + 2NO + 4H,0
(p) Cu+NO3™ + 4H* — Cu?* + NO + 2H,0

Learning outcome - pleill daiii

5S0,%” +2MnO,” + 6H* - 550,” + 2Mn** + 3H,0 digjgall &laleall LA
saldiinll Gligrialyl Jllaal pa

$gann hug La Ll Jelaill daanldl digjgall dlhlenliga Ll oo ,éi
l, + $,0527 = S,0,% +1~

@©
10@
5(®)
2(©
7 (®

I +8,05%” + Hy0 = S,0,%7 + 217 + 2H* (a)
l, + $,0527 + 2H,0 - S,0,% + 21~ + 4H*
I, +$,052” = 8,0, + 21"+ 2H* (¢)

I, + 25,052 + Hy0 —» §,0,% + 21" + 2H* (p)

huug (A Cu + NO;™ - Cu?* + NO Jclaill Gapan digjgn dlalen i
f.shna

3Cu +2NO;™ + 4H* = 3Cu®* + 2NO + 2H,0 ()
2Cu + 3NO;™ + 8H* - 2Cu?* + 3NO + 4H,0
3Cu +2NO3™ +8H* - 3Cu®" + 2NO + 4H,0 (c)

Cu+NO;™ + 4H* - Cu?* + NO + 2H,0 (p)

Inspire (English)

State the steps of balancing a redox equation in basic medium

Sacldall hugll a Jljiadlg Aawqill dlalen (gjg algha j9al

Which of the following is the balanced equation for the reaction below in

an acidic solution?

36032_(aq) + ClO3 (aq) - 39042_(aq) + Cly(g)
(R) 25€03%" + 5CI0;™ + 2H* . 25e0,%" + 5Cl, + H,0
2Se0,;2” + 5CI0;™ + H,0 - 2Se0,%” + 5Cl, + 2H*
(c) 55e05%™ + 2CI05™ + 2H" — 580, + Cl, + H,0
(D) 55€05°™ + 2CI0;™ + H,0 — 5S€0,%™ + Cl, + 2H"
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Table 6 - Practice 25 1

§sana Jglan i olial Jelaill digjgall dlaleall La il lon i
59032_(aq) + ClO37(aq) = 36042_(aq) +Clyg)

6-19

25e0,%" +5CI05™ + 2H* - 25e0,%” + 5Cl, + H,0 (a)
2Se0,2” +5Cl0;™ + H,0 —» 2Se0,%™ + 5Cl, + 2H*
55e03%” + 2CI0;™ + 2H* - 58¢0,% + Cl, + H,0 (¢)
5Se03°” +2CI05™ + H,0 - 55e0,™ + Cl, + 2H* (D)

(26



16 @ State the steps of balancing a redox equation in basic medium (cont.)

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 OH™ ions

(c) Number of 0, molecules
@ Number of electrons e~

Which statement describes the final step in balancing a redox equation in
basic medium?

@ Electrons are added to the product side

Oxidation numbers are re-assigned

@ H* is neutralized by OH™ and the equation is checked for atoms and charge
@ H,0 is removed from both sides always

4 Which step is unique to balancing a redox equation in BASIC solution?
o Adding H* to the side that lacks hydrogen

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

@ Equalizing the number of electrons

@ Writing the half-reactions with oxidation numbers

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
(e) 8
@4
@1

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

(A) OH~
H*
(c) Hy0
(o) MnO,
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A 2 sl JIjiallg Bamsill culelai aulalen gjg! ditanll Aghall g e

SH* Gljg._l_i 22c (Sgluy Sia atalal wag (Sill o Sacld Jglan
H,0 aljja gnaac (a)
OH- uiligyf (0 2ac
0, ullija yo 2ac (c)
e aligialyl (o 2ac @

Ssacli hug L dhalen gjg LA dpalll ghall @niéjlc sl
ailgill J] aligrialyl calaf
amalill alach jueialo]
diaudllg aljall galyi pi OH™ 1 H* Jaled ©
lnila gaghll go clall wiani (b)

saclill huugll La JIfiadlg sl dlalen gjg Lgs paii dgha i °
ggiugll andiy sall whll Y] HY aalal (a)

clall (ug4ig H* dlleal (giaphll I OH™ daln)

aligrialdl aac algluo @

sl alach go Jelaill Lani alis (D)

pa Jelai danil pun il dyhll s 6H* aygh sacli hung i gjgll aic e
Suagh Jal lpialal s OH-
2 (®

8@
“©
10

$sacld huug A duilgill digjgall dlalenll A pht U ggi §i
OH™ (a)
H*
H,0 @
MnO, (b)



Inspire (English)

Learning outcome - pleoill dayii

Balance redox equations in basic medium using half-reactions

Page

Practice 25 - Table 6 16-19

Jelaill cani ddjjhy sacld hg A Jljiallg Aawa il alalen gjlg

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?
5H303_(aq) + 2|03_(aq) - 53042_(aq) + 3H*(aq) + |2(5) + HZO(I)

O 6o

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?

When MnO,~ reacts with SO,2" in basic solution (products MnO, and SO,2°), how many H,0
molecules appear on the reactant side?

@2
3
@O
@1

When Al reacts with water in basic solution: 2Al + 6H,0 + 20H™ - 2AI(OH),” + 3H,. How many
electrons are transferred?

@2
3
@12
@6

° What is the sum of all coefficients in the balanced equation N,0 + 2CIO™ + 20H™ ~ 2NO,™ + 2
CI™ + H,0 (basic solution)?
® 8

10

@9
@12
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pa .k"s:l.cl.fl Jglan ,_.p Lgijg pil3la. shna Jglan k_;:l digjgn aulill JIjiaulg dawAaill dalen
séigjgall dlaleall A clall cilijja 2ac
5HSO, (ag) + 2105 7(aq) = 550, (aq) + 3H*(aq) + I(s) + H,0()

u B~ W N

@OE®

3gana Jglan A digjgo adLill auiliniall dalenll

MnO,(s) + 2Br(ag) + 4H* = Mn2*(aq) + Br,(g) + 2H,0()

ola A ] lgialal aag sill OH” -.“Jljg._l_i 2ac Iy sacld Jglan 4 dalenll 0ia gjg aic
Sdlalenll

- N W B

CEEe @ e @ e

A 1881 H,0 csja pa (SO,%” g MN0, Qilgill) saclé hung A SO5%” ga Mn0,” Jeldiaic
Sallclainll wapa

Ligsial] p4 2Al + 6H,0 + 20H™ - 2AI(OH),,™ + 3H, nsacld hung (A clall gn Al Jeldiaic
S aiii

12

a

N,O +2CIO™ + 20H™ - 2NO,™ + 2CI™ + H,0 &igjgall dlalenll L4 ilolenll J4 ggoan Lo
S(é:.clﬁh.u.lg)

8 (®

10

°©
2@

(25

1



17  Balance redox equations in basic medium using half-reactions (cont.)

Which is the correct balanced equation for the following reaction in hug _a JLill Jelaill Gaanll digjgall dlalenll ga LU Loo éi
basic solution? cT " gsacli
ClI” + NO;™ - CIO™ + NO ClI-+NO;~ - CIO- + NO
@ 2H,0 + 3CI" + 2NO;™ —~ 3CIO™ + 2NO + 40H" 2H,0 +3CI™ + 2NO3;™ - 3CIO™ + 2NO + 40H" @
H,0 + 3CI~ + 2NO;™ - 3CIO™ + 2NO + 20H~
2 3 H,O + 3CI™ + 2NO;™ - 3CIO~ + 2NO + 20H"
(c) H0 + 3CI™ + 2NO3™ — 3CIO™ + 2NO + 40H" ) ) ) )
@ 2H* + 3CI™ + 2No3— _, 3CIO~ + 2NO + Hzo H20 +3CI™ + 2N03 - 3CIO™ + 2NO + 40H @
2H* + 3CI~ + 2NO3~ — 3CIO™ + 2NO + H,0 @
a Which is the correct balanced equation for the following reaction in hug _a JLill Jelaill dGaanll digjgall dalenll ga LU Loo éi
basic solution? cT " gsacli
2= 2+ 3+ 3+ o
Cr,0,°" +Fe“” - Cr°" + Fe Cr2072_ +Fe2* - Cr3* + Fe3*
(R) 14H,0 + Cry0,%" + BFe?" . 2Cr®* + 6Fe®" + 140H" 14H,0 + Cry0,%" + 6Fe2"  2Cr** + 6Fe3" + 140H" (A)
7H,0 + Cr,0,%" + 6Fe?* . 2Cr3* + 6Fe3* + 140H"
? ? 72- 2+ 3+ 3+ 7H20 + CI‘2072_ + 6Fez+ d 2Cf3+ + 6Fe3+ + 140H~
(c) 7H,0 + Cr0,%" + 6Fe?" - 2Cr>* + 6Fe®" + 70H" ) - o - )
14H* + Cr,0,%" + 6Fe?" - 2Cr®" + 6Fe®" + 7H,0 (D)
° The equation HSO,™ + 10,5~ - SO,2 + I, is balanced in BASIC solution wWlhald) gacld hug _a HSO;™ +1053™ = S0,2" + 1, dlalenll Ciijg o
(30H™ are added to the reactants). How many H,0 molecules appear gajgjgﬁ dlalenll uF H,O alitja aac pb . (Gllclainll L] 30H"
in the balanced equation? b : ] @

3 :
©4 'O
()5 5(®

Which is the correct balanced equation for the following reaction in hug (g Ll Jelaill &aianll digjgall daleall ga Ll oo i °
basic solution? T " "-'1515.'.-5
I, + S,0527 — S,0,%7 +1° I, +S,052" - 8,02 +I-

(&) I +S;05% + 20H™ — S,0,°™ + 21" + H,0
l, + S,052 + 20H™ . S,0,2" + 21" + 2H,0
() I + S04 + OH™ . S,0,% + 21" + H,0
(D) Iy + S;05%” + Hy0 ~ $,0,% + 21" + 20H"

I, + 5,05 + 20H™ > 5,0,2” + 21" + H,0 (&)
l, + S$,05%7 + 20H™ > S,0,2" + 21" + 2H,0
I, + 5,05 + OH™ > 8,0,%” + 21" + H,0 (¢)

I, + 5,05 + H,0 > S,0,% + 21"+ 20H" (D)
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17  Balance redox equations in basic medium using half-reactions (cont.)

) Which is the balanced equation for Cl, - CI™ + ClO;" in basic solution?
3Cl, + 30H™ - 5CI” + ClO;™ + 3H,0

3Cl, + 60H™ - 5CI” + ClO;™ + 3H,0

@ Cl, + 60H™ — 5CI” + ClO;™ + 3H,0

@ 3Cl, + 6H,0 - 5CI~ + ClO;™ + 12H*

Which is the correct balanced equation for MnO,~ + I~ -~ MnO,, + |, in basic
solution?

(A) 2MNnO,™ + 61" + 4H,0 — 2MnO, + 31, + 80H"

MnO,~ + 21~ + 2H,0 - MnO, + |, + 40H"

(©) 2MnO,™ + 61" + 8H* . 2MnO, + 31, + 4H,0

(D) 2MnO,™ + 61" + 40H™ —. 2MnO, + 3l, + 8H,0

Learning outcome - ploill dayii

$Sacldhug A Cl, » CI” + ClO;™ Jclaill Gaian digjgn dlalen ,____c_,i
3Cl, +30H™ > 5CI” + CIO3™ + 3H,0 ()
3Cl, + 60H™ - 5CI™ + ClO;~ + 3H,0
Cl, + 60H™ - 5CI™ + ClO3™ + 3H,0 (¢)
3Cl, + 6H,0 - 5CI™ + ClO5™ + 12H* @

Ssacld hug AMNO,™ +17 = MO, + I, Jeldill §agan digjga dlalen i
2MnO,4” + 61" + 4H,0 - 2MnO, + 31, + 8OH™ (a)
MnO,~ + 21~ + 2H,0 - MnO, + |, + 40H"
2MnO," + 61" + 8H* - 2MnO, + 31, + 4H,0 ()
2MnO,” + 61" + 40H™ - 2MnO, + 31, + 8H,0 ()

Page

Inspire (English)

Describe an electrochemical cell and its two types (voltaic and electrolytic)
(clilaillg duilgall) lpclgilg uilioragygall aulall wn

18

o The study of the redox processes by which chemical energy is converted
to electrical energy and vice versais called ...........

@ Nuclear chemistry
Organic chemistry
@ Electrochemistry

@ Physical chemistry

e 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

@1and3
1and2
@2and3
@1,2and3
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Fig. 1- Fig. 2 25-26

ayilingall ddlall Jigai Lglils piy sillg JIjiaulg damaill Allac dwlj °
............... ol guaellg dlygs ddlh Ul

duggill cliyall ()

agrrell clngall

aiflygall clingall ()

ayflbjiall clngall (D)

flayan lang dyilingagygall duall cljal wny L oo (si

Lle Ja JIjiallg dawmaill Jelailngin Ja uu dai Jleja :adall lani 1)
[ahta}

Bawaill Jelai daag éun (whdll) agrialyl :agilll 2)
JIFdLU Jelai dang éun (ahdll) aggialdl :agilall 3)
391 @
291
3g2 @
3g291 (b)

(30)



18 | Describe an electrochemical cell and its two types (voltaic and electrolytic) (cont.)

e Which of the following statements is not true concerning

electrochemistry?
@ It is the study of the redox processes
Chemical energy is converted to electrical energy and vice
versa

Useful in industry and critically important for biological
functioning

@ Mechanical energy is converted to electrical energy and vice

versa

Which statement is true for BOTH voltaic and electrolytic

cells?
@ The anode is the negative electrode
The reaction is spontaneous
@ A voltage source is required
@ Oxidation occurs at the anode

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

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

6 Which energy conversion takes place in a voltaic cell?
0 Electrical energy — chemical energy

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

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

clynyally Gloi) ogh dapan i ayltill el ST (@)
sailygall

Jlfiadlg dawsill aliloc dwlja @

puaellg adlygs JJl adliogall adlall Jigai siel

ailndll wailhgll g angng dclinil _a aai (¢)

puaelig arilygs ) aruilagnll dalall Jigai sisi (p)

Sdulylnillg drilgall &uall go Jal daan djic i @
L_IJLUJ.IIL__IJQ_CIJIQ_aJS?_D_DJI
Lildli Jelaill
193 Jano pili (¢)
1ennll aic Aawaill ¢aai @

log hugall Jaiy dylhll uhd shaailail 4 @
Saiinb

wagn higall 'aagall ahall (A)

b higall wllull ahéll

wago higall ‘udlwll ahdll (¢)

wlw higall :aagall uhall ()

sayilgall auall _a daay ddlhll Jgai si - @@
alilings adlh « ailijgs f:'LfiLb
aiflygs adlh « dylp ddlb
ailinga adlb « diign adlb (©)
auilygs adlh « ailings adlb (p)



Learning outcome - ploill dayii Inspire (English) Page

Identify the components of a voltaic cell, the role of each, and the direction of electron and ion flow
. . Fig. 1- Fig. 2 25-26
aligidllg aligrialdl a4pa olailg lgin J4 jgag diilgall auall alighn 232 g 9

What number represents the part that prevents ions from building A Juhill Jga aligadll palyi ging sall cjall Jing sall péyll Lo a
up around the electrodes in the voltaic cell shown? ) " Sdangnll dilgall dall

@’I
2 .®
oL B

H: gas, 1atm,
bz ®

1MH*(aq) - 25 °C 1M Cuz*

Culcu?*
In the voltaic cell shown (Zn | Zn™ and Ag | Ag” half-cells joined by JriAg'|Ag g Zn”'| Zn duls Lani) danagall dilgall audall a
a copper wire and a KClI salt bridge), where do the ions move from g aligidll elaii 0__,_i AKCI (0 d1aln dphidg (Swlai ¢l Ln.g.Lu

one side to the other?

(a) Through the silver strip anall uhd il @
Through the salt bridge apnlnll aghidll Jils
@ Through the copper wire _ _
o gubaill el Jus ()
@ Through the zinc strip
gtoylall uhd Jus (o)

sl Jldga

In the voltaic cell shown (Zn | Zn™ and Cu | Cu™ half-cells, salt éphiéi ,Cu” | CugZn™'| Zn &uls Lani) dangnll dxilgall il (g e
bridge, e~ flow through the wire to the lamp), where are electrons adai U—.'.i {alunnll gai ellll pe aligalyl (Gaai .a.|:d.n
lost? saligrialyl

(a) At zinc strip Juoylall ahé aic @
At salt bridge

1nloll S
(c) At both strips ’ S .

(D) At copper strip Uubﬂlﬁ i %
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19 Identify the components of a voltaic cell, the role of each, and the direction of electron and ion flow (cont.)

° Regarding the cell in the figure (Cu electrode in CuSO, A gulai uhd) Jamll g dangoll adall Glei Loaa °
solution, Zn electrode in ZnSO, solution, salt bridge, lamp), Djb.l.l:l .ZnSO, Jglan Ug Jiojla uhdé ,CuSO, Jglan
which of the following is incorrect? ‘a.l.:.nj-t.c il oo (si.(alnn dnln

@ A salt bridge allows ions to pass from one side to another 5Di M aga go aligill jgpny anloll dgnidll anwi @

Electrons flow through the wire from the oxidation half-reaction
to the reduction half-reaction

@ A spontaneous redox reaction takes place

delai JI Lanill aawa il Jelai go ellwll e aligialyl Jdii
Lanill Jliall
agilali JIfialg sl ddnc ¢aai @

@ This cell converts electrical energy to chemical energy o - i - ] _ i
dilings ddlh | alygsll ddlhll auall oda Jgai @

Q
e In the voltaic cell shown in the figure (Zn | ZnSO, and Cu | | Cug ZnSO, | (Zn Jaull _a daagall drilgall aulall (a e
CuSO,, KCl salt bridge, lamp), which of the following S4auan adlill aljus sl '(El-!-n-n KCl d1aln Aphid ,CuSO,
. . y
statemer.mts is true? . | uJ 14 Jelai éilany alyg? Il adilhll paai @
@ Uses electrical energy to cause a chemical reaction oulaill aga Il Dgng dnlall éhidll je ciligialyl e
Electrons move through the salt bridge to the copper side _ . . i . ) L e
o . . gyl Lilygsll ahall Jga dngall gyl aligil palyii (€)
@ Positive zinc ions build up around the zinc electrode al i f A1l 2l ligrialull Ll |
Cl ||”05(:” ”| IDQ'
@ The wire can serve as a pathway for electrons to flow from the gl Jluwaibllaglgo aligialilJ : b_i_I.II @
zinc strip to the copper strip Ut
Q
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19 Identify the components of a voltaic cell, the role of each, and the direction of electron and ion flow (cont.)

What prevents the redox reaction from producing electrical
energy in the voltaic cell shown below?

@ lons build up around the electrodes

No way to transfer electrons

@ No bulb or voltmeter

@ Mixing the two solutions with each other

A duilyga ddlh JIfidulg daws il Jelad jliil gga Jgai sall L

Salial &angall dvilgall duall
ulhalll yga aligulll palyi @
aligrialyll Jail ddyjn 1agi
jinilga gf o aagy 1l (€)
wasl lngriel go ighall hulial (D)

a 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

@0n|y1
() Only 2
@1and2
(p) 2and 3

8 How do electrons transfer in voltaic cells?
(A) Through the salt bridge from anode to cathode
Through a metal wire from anode to cathode

@ Through a metal wire from the reduced electrode to the oxidized
electrode

@ Through the salt bridge from the reduced electrode to the oxidized
electrode

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

séyilgall Lulall Gleii logd aan L lan sl
agilall aic JIaudl &anig agill aic AawAaill ¢aai 1)

dji“qt__shjlg_lhﬂl,_,llmbi.'u'"t__sillg_lhﬂlg.nclljgﬁb.l.yl,_j.ﬁ.'l'.i.'l'z)
agilll aic JIjfiadl &anug agilall aic Aawaill &aai3)

haa1 @

haa?2 .

2g1 @

3g2 ®

tayilgall aUAll a aligrialdl Jaiiiwas @&

agilall ] agidll go dnlall ajhiall pe (a)

agilall I agidll o (sjla el pic

awali sall ahdll ] Jisl sall ahdll go sjla el pie ©
awali sall whdll ] Jiial sall abdll go daloll djidll e @

(34)



19 Identify the components of a voltaic cell, the role of each, and the direction of electron and ion flow (cont.)

3 Which statement is true when a voltaic cell operates? Sduilgall auall Jieudiiaic daan djlc ,5i 9
0 Both electrodes lose mass alia Uubm|m o
The cathode loses mass alia hugall addy
@ The anode loses mass and the cathode gains mass (for (@ujlell ulhail) alis hupall cunayg @lia Il e @

metal electrodes) ) ' ' ' ) i )
@ Neither electrode changes whd L§| ey A @
Which statement is correct when the cell Zn | Zn?" || Cu | Cu?* || Zn?* | Zn auAall Jusuhii aic dauan Ajlic sl @
Cu?* | Cu operates for some time? scuigll gasul
The concentration of Zn?* increases and the concentration Cu2?* Ay Jeug 7n2* A alaj @
of Cu?* decreases . _
Both concentrations increase Uzuj'b_rmujh_g
@ The concentration of Zn?* decreases _Zn i day @
() Both stay unchanged Gl gljssill au @

Learning outcome - pleoill da1ii Inspire (English) Page

Write the half-reactions occurring at the cathode and anode of a voltaic cell

&uilgall &yall (g aennllg higall aic Jelaill Lani qisl Fig. 6 2731
The following reaction takes place in a voltaic cell: Zn(s) :dtilga daus _a Ll Jelaill danag a
+ Cu?*(aq) » Zn?*(aq) + Cu(s) Zn(s) + Cu?*(ag) » Zn?*(ag) + Cu(s)
Which of the following takes place at the anode? €agiill aic ¢1ang Ll lon '5i
(a) Reduction of Cu?* " cu?t J|ﬁi1| @

Reduction of Zn?* Zn2* (44|
@ Oxidation of Cu 4 __d ID:
o Cu w4l @

@ Oxidation of Zn )
Zn 6wl (D)
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20 | Write the half-reactions occurring at the cathode and anode of a voltaic cell (cont.)

e When a solid copper wire is put into a solution of silver nitrate, a il aaall alfs Jglan (a alnll gulill go ¢l gihg aic e
substance precipitates on the copper wire and a blue solution UﬁJ Loo Gi Ogll @in ngj—"-D Jgaiig gulaill ¢l Llc Galn
forms. Which of the following is correct? ) ) Sanan
@ Blue solution: copper(ll) nitrate; reduction: Ag* + e~ - Ag; oxidation: A1naill Ag* + e = Ag x I (), wladll cilyid &l Jalaall
Cu - Cu?* + 2e”; metal deposited: silver ' 9 9 :Jlfial Al gt @

anall :cunginll jlall :Cu - Cu?* + 2e”
8241l {Cu - Cu?* + 2e™ :JIfiadl :anall ailfy : gjjill Jglanll
gubill :cpioll flall :Ag™ + e” = Ag

Blue solution: silver nitrate; reduction: Cu — Cu?* + 2e~; oxidation:
Ag* + e~ - Ag; metal deposited: copper
@ Blue solution: copper(ll) nitrate; reduction: Cu?* + 2e~ . Cu;

a 2 _ i , M S B o 2A
oxidation: Ag - Ag* + e”; metal deposited: silver 22wl :Cu* +2e” - Cu -LJ'J:D_U_l -(”)UJJP-'-” '—”J‘U-' }gJjll dgfa.n.ll ©
Blue solution: silver nitrate; reduction: Ag — Ag* + e~; oxidation: Cu?* anall :cuwyinll jlall :Ag - Ag* + e
+ 2e” _ Cu; metal deposited: copper 811l Ag - Ag® + e Il aaall alpy  §jUl Jglaoll @

vuhill :cunpinll jlall :Cu?* + 2e” - Cu

e Which of the following is the cathode in the voltaic cell shown Salial darignll duilgall &ulall L agilall ga Ll lan sl g

below? ) ) o2+
Zn

(&) Zn** Ag*
Ag* Ag @
(© Ag .

@ Zn n @

Ag

E° = -0.7618 V Zn?* E° = +0.7996 V Ag*

° A cell uses Mn and Fe?*. If Mn is the anode, what is the half- aic Jelaill dnilondaennll ga Mn Jla lal, Fe2* g Mn o daus °
reaction at the cathode? fhugnll
(A) Mn — Mn?" + 2" Mn - Mn?* + 2e” @

Fe2++2e‘ - Fe Fe2* 4+ 26~ - Fe
@Fe_,Fe2++2e‘ +§+ _
) Fe - Fe®* +2e™ (¢)
@Mn2++2e ~ Mn
Mn2* + 2e” » Mn @
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20 | Write the half-reactions occurring at the cathode and anode of a voltaic cell (cont.)

In a voltaic cell made from Mn | Mn?* and Fe | Fe?*, which half-reaction Shugall aic ¢y Jelai wni sl Fe2* | Fe g Mn2* | Mn (o dyilga dua _a
occurs at the cathode? Mn - Mn?* + 2e” @
2+ -
@anMn +2e Fe—»Fe2++2e‘
Fe - Fe?* + 2e- 2+
Fe™ +2e” > Fe @

(c) Fe?* +2e” - Fe

2+ .
@Mn2++2e‘_>Mn Mn®" + 2e —>Mn®

3 Which equation is the balanced overall reaction of the voltaic cell Mn-Fe? SFe-Mn dyilgall &lall ggjgall LLall Jelaill La élalen i 6
(A) Mn + Fe*" — Mn?" + Fe ) Mn + Fe2* - Mn2"* + Fe ®
Mn®* + Fe — Mn + Fe?* Mn2* + Fe » Mn + Fe?*
(c) Mn + Fe —» Mn®" + Fe** Mn + Fe - Mn?* + Fe?* (c)

2Mn + Fe2* _, 2Mn?* + Fe
@ 2Mn + FeZ* - 2Mn?* + Fe @

Learning outcome - pleill dauii Inspire (English) Page

Define reduction potential and standard reduction potential (E°) and use Table 1
21 . A . Table 1 29-30
1Jgaall paiiwlg (E°) (Swhdll JIfiadl agag JIjiaul aga wje

Under what conditions are standard reduction potentials measured? farubgll Jljiddl agga gulid laaic pis sill wagyiall Lo
25 °C, 1atm, and 1 M ion solution 1M ujg__ﬂ Jalan ., 1atm. 25 °C @
100 °C, 100 atm, and 0.1 M ion solution 01 M ulg-” Jalao . 100 atm ., 100 °C

@ 0 °C, 0.5 atm, and 0.5 M ion solution

05M ung,_T Jglan . 0.5atm. 0 °C @
@ 1°C, 1atm, and 1 M ion solution K

‘IME,jgﬂdgh.DJatm,’l °C®

Which metal ion is most easily reduced? falljisl cun (o dlggu fiaill sjlall Jgudll Lo
Pt2* + 2¢™ = Pt (+118 V) Pt2* + 2e” = Pt (+1.18 V)
Fe®* + e” = Fe?* (+0.771V) Fe®* +e” = Fe?* (+0.771V)
Hg** + 2e” = Hg (+0.851V) Hg?* + 2e~ = Hg (+0.851 V)
Cu2" + 2¢™ = Cu (+0.3419 V) Cu2* + 26~ < Cu (+0.3419 V)

® Cu?* Cu?* @
Hg?* .
Fe3+ ng
2+ Fe3+ @
@ Pt
Pt2* @
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21 Define reduction potential and standard reduction potential (E°) and use Table 1 (cont.)

Which metal ion is most easily reduced?
Fe?* + 2e” = Fe (-0.447 V)

Aud* + 3e” = Au (+1.498 V)

NiZ* + 2e~ = Ni (-0.257 V)

Cu?* +2e” = Cu (+0.3419 V)

(a) Fe**
Audt
© Ni2*
@ cu?*

o 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)
ARt + 3e” = Al (-1.662 V)
Hg?* + 2e™ & Hg (+0.851V)

® ve
Ag®
@ A|3+
® Hg*

g Which combination gives the largest E°cell?
Zn | Zn?* with Cu | Cu?*

Mg | Mg?* with Zn | Zn?*

(o) i | Li* with Au | Au®*

@ Cu | Cu?* with Ag | Ag*

° Which metal would NOT react with 1M HCI to release H,? (E° given: Zn

~0.76 V, Fe -0.45 V, Cu +0.34 V, Mg -2.37 V)
@ Cu
Zn
(c) Fe
© Mg
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Sallfial ¢un (o dlggu fiaill sjlall ggaill Lo
Fe2* + 2e” = Fe (-0.447 V)

Aud* +3e” = Au (+1.498 V)

Ni2* + 2e” = Ni (-0.257 V)

Cu?* + 2e” = Cu (+0.3419 V)

Fe?* ®)
Au®*
Ni?* (c)
Cu2+ @

Salljidl L dlggu fisdll ggudll Lo .alial Jgaall ¢ilily loaaimn
Mg?* + 2e” = Mg (-2.372 V)

Ag* +e = Ag (+0.7996 V)

AR* +3e” = Al (-1.662 V)

Hg?* + 2e” = Hg (+0.851 V)

Mg?* @
Ag*
A|3+ @
Hg?* @

SE°cell ol hei daygi sl
Zn | Zn?* with Cu | Cu?*
Mg | Mg?* with Zn | Zn?*
Li | Li* with Au | Au®* ()
Cu | Cu®* with Ag| Ag* (D)

Fe -0.45 V. (E°: Zn -0.76 V/ $H, jjaul 1 M ju&yi HCl gn Jelaiy 1l jlé (s °

(Mg -2.37V.Cu+0.34V,
Cu @
Zn
Fe (©)
Mg (p)

(35



Learning outcome - ploill daLii

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

2205 anlaiiwlg (SHE) (Swlidll iagjaugll uhd wan

0 Using the standard hydrogen electrode (Pt electrode, H,
bubbles at 1atm, 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

° 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?

@ Cu?*(aq) + 2~ - Cu(s)
Cu(s) —» Cu?*(aq) + 2e~
@ H,(g) - 2H*(aq) + 2e~
(D) 2H*(aq) + 2€™ — Hy(g)

H: gas, 1atm E°

Inspire (English) Page

Fig. 5 - Fig. 6 29,31

dleldd . Jilh ahd) Swhdll gagjaugll uhd pladib 0

auall L anig (1M gana .1 atm aic H,

.Zn2*/Zn (E° = -0.7618 V) g Cu?*/Cu (E° = +0.3419 V)

fdauan aljliell sl

Sgluy Swldll grgiugll ahdl (E°) swhall Jljiadl aga (a)

1.104V

gl swliall agiugl ahdl (E°) wlall Jiiadl aga

0.000 V
Cu?*| Cu uhi gn alingi aic Iagila ggay (c)
Zn?*| Zn wihd o alyngiaic agil ygy (D)

Swldll sitagjagll whidlly Cu | Cu®* uhié Jungiaic
Jeldiaej i lnn si(E° = +0.342 V) J4uiill aagn In4

O,

+0.342V

Salt bridge

1M H*(aq) - 25 °C

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

TR

1M Cu?

+

Culcu?*

§nill JIjiadl

Cu?*(ag) + 2e” - Cu(s) @

Cu(s) = Cu?*(aq) + 2e”
H,(g) = 2H*(aq) + 2e” @
2H*(ag) + 2e™ = H,(g) @



22 | Describe the standard hydrogen electrode (SHE) and its use as a reference (cont.)

When a Zn | Zn?* electrode is connected to the standard Jragjupll swbhidll uhdll Zn?* | Zn uhd Jungiaic
hydrogen electrode as shown in the figure (E° = -0.762 Jelaiaei Loo ,5i {E° = -0.762 V) J4aunll 2Agao lns
V), which of the following is an oxidation half-reaction? ) ) S anill Aawmaill

(®) ZnGs) ~ Zn*"(aq) + 2¢7 Zn(s) - Zn*(aq) + 2° ®

Zn?*(aq) + 2 - Zn(s) Zn?*(aq) + 2e” = Zn(s)
@ 2H%(aq) + 2e™ - Hy(g) 2H*( 2e > H <:)
+ - aq) +zZe = 2(8)
@ H,(g) —» 2H*(@aq) + 2e +
Hy(g) = 2H*(@q) + 2™ (D)

©

1M H*(aq) - 25 °C 1M Zn?*
Zn|zn?*
° What is the half-reduction reaction that takes place in diunll ausll (g daa sall Lanill JIjadl Jelailo
the cell shown in the figure below? - - - caliaf Ja .l g
@ Cu?* + 2e” - Cu Cu?* +2e” = Cu @

(B) Cu ~ Cu®" + 2e Cu—>Cu2++2e'

(c) Hp + 2™ - 2H* _ "
H, + 2e” > 2H @

(D) 2H* — Hy + 2e N _
2H* > H, +2e” (D)

®——

H: gas, 1atm
Salt bridge )
[ A~/

1MH*(aq) - 25 °C 1M Cu?*
Cu|cu?*
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22 | Describe the standard hydrogen electrode (SHE) and its use as a reference (cont.)

e What is the standard reduction potential (E°) value of the
standard hydrogen electrode shown below?

@ 0.000 V
+0.500 V

@ +1.000 V

@ -1.000 V

H: gas, 1atm

TMH*(aq) - 25 °C

e 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 1
atm and a temperature of 25 °C

The standard reduction potential equals 0.000 V
@ Platinum electrode immersed in 1 M acid solution

The standard hydrogen electrode always acts as a reduction
half-reaction

A student connects the SHE to an unknown metal half-cell
M?2* | M and measures E°cell = 0.28 V with the SHE as the
anode. What is E°(M2*/M)?

@ -0.28 'V
0.00V

@ +0.28 V
@ +0.56 V
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Jtagjapll whdl (E°) Swbidll JIjiaul aga jlado Lo
Solial aagall Swlydll

0.000V @

+0.500 V

i olial 2i3gall Swlidll g1agyupll uhds @lei) Loy e
fasan jié Lllon

25 °Cajljn dayjag 1 atm aic Jglall Lo Hy gagiugl jle ang (a)

0.000 V (sgluy Swldll JIjiall 2g2

1M ojtayi sAna Jglan L jgnen gillill ahd (c)

lafly Lani Jljial elai aliog ggay Gwldll gagia!l uhd (b)

gulig M | M?* dlggan aula waniy SHE ullh (Jing
SE° (M2*/M) Lo .a2nnll ga SHE dlg E°cell = 0.28 V



Learning outcome - pleoill da1ii Inspire (English) Page

Calculate E°cell from standard reduction potentials and decide spontaneity

23 e _ Example 1- Table 3 32-34
Jelaill adléli a3ag dunbidll JIjiadl agga o E°cell cunl

o A voltaic cell consists of the following half-reduction reactions. Which of the falan il Llan (si.auLill aranill JIFadl auleldi (o diilga dula Jgaii °

following is correct? Ag*+e = AgE° =+0.7996 V
Ag* +e” = AgE°® = +0.7996 V
Cr3* +3e"=CrE°=-0.744V

@ Anode: Cr; Cathode: Ag; E°cell = +1.54 V; spontaneous

Cr¥* +3e = CrE° =-0.744 V
LAl 11,54 V+ = aulall aga 1Ag :agilall (Cr :agilll @

Anode: Ag; Cathode: Cr; E°cell = +0.0556 V; spontaneous AL 10,0556 SS RIS ERRY Dg"@' ‘Ag :Jg'”‘Jl

(c) Anode: Cr; Cathode: Ag; E°cell = ~1.54 V; nonspontaneous Gl e 11,54 V- = ulall g3 1Ag agilall «Cragilll (¢)

@ Anode: Ag; Cathode: Cr; E°cell = -0.0556 V; nonspontaneous ALali fi¢ 10.0556 V- = aulall aga (Cr :agilall :Ag :agilll @

a The following reduction half-reactions represent the half-cells of a voltaic cell. u_llJ Lon ,5i Juilga aulal pivanill ridsll adlill aanill JIadl allelas Jing °
Which of the following is correct? " i

*.'a._l_:n.n
Co?* +2e =2 CoE° =-0.28V
Pt?* + 2e" = PtE° = +1.18 V

Co?* +2e" = CoE°=-0.28V
Pt?* + 2" = PtE° = +118 V
@ Anode: Pt; Cathode: Co; E°cell = +0.9 V; spontaneous LILEL 0.9 Vi = élall aga 1Co gilall ‘Pt :Jg.i.TJI @
Anode: Co; Cathode: Pt; E°cell = +1.46 V; spontaneous UJLCLIJ 1146 V+ = aylall 1ga 1Pt agilall :Co sagill
@ Anode: Pt; Cathode: Co; E°cell = -0.9 V; nonspontaneous = . Al T T
(©) Anode: Co; Cathode: Pt; E°cell = ~1.46 V; nonspontaneous ALAli e 10.9 V- = dulall 23 :Co :agilall Pt iagilll @
LAl e 11,46 V- = @lall aga Pt:agilall «Co agill @

The following reduction half-reactions represent the half-cells of a voltaic cell. What agall Lo .duilgall audall (pivanill (ridall adlill dranill Jijadl alelai Jing e
is the standard cell potential (E°cell) of this voltaic cell? céuilgall auall aagl (E°cell) (SwlLdll

2 - 0 -
Sn2++(aq) + 2e_ - Sn(s) E° = -0.1375 V Sn?*(aq) + 2e” = Sn(s) E° = -0.1375 V
Pt“"(aq) + 2e~ - Pt(s) E° = +118 V Pt2+(aq) +2e” - Pt E° = +1.18 V

() +1:32V +132V ()
+1.04V 104V
(©) -132v i
(o) -1.04V 132V ©
-1.04V (D)
° What is the standard cell potential (E°cell) for the redox reaction between cobalt and abighll Ju JIfadlg dawaill Jelail (E°cell) drilgall alall swliéll agall Lo °
copper? Syulaillg

Co%*(aq) + 2e™ - Co(s) E° = -0.28 V

Co?*(ag) + 2e” = Co(s) E° = -0.28 V
Cu?*(aq) + 2~ . Cu(s) E° = +0.3419 V

Cu?*(ag) + 2e” = Cu(s) E° = +0.3419 V

+g'g2§\\; +0.622 V @
+0.
@ Y +0.062 'V

(0) -0.062 V -0622V (¢)
-0.062V @

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589 e



23 | Calculate E°cell from standard reduction potentials and decide spontaneity (cont.)

e What is E°cell for the reaction Hg?* + 2Cu* - Hg + 2Cu?* (E° Hg?*/Hg = gHg?*/Hg = +0.851 V 1 Hg?* + 2Cu* - Hg + 2Cu?"* (E° Jclaill E°cell Lo
+0.851V; Cu?*/Cu* = +0.153 V)? §(Cu?*/Cu* = +0.153 V

@ -0.698 V, spontaneous
+1.004 V, non-spontaneous
@ +0.698 V, non-spontaneous
@ +0.698 V, spontaneous

-0.698 V, spontaneous @
+1.004 V, non-spontaneous
+0.698 V, non-spontaneous @

+0.698 V, spontaneous @

e E°(Zn2*/Zn) = -0.76 V and E°(Ag*/Ag) = +0.80 V. What is E°cell of the voltaic cduilgall auall E°cell Lo .E° (Ag*/Ag) = +0.80 V g E° (Zn?*/Zn) = -0.76 V e
cell? +156V ()

(a) +1.56 V +0.04V

+0.04V +236V (©)

(©) +2.36V -156V @

() -156V

o E°(Mg?*/Mg) = -2.37 V and E°(Cu?*/Cu) = +0.34 V. What is E°cell for 2Cu?* Jelaill E°cell Lo .E° (Cu?*/Cu) = +0.34 V g E° (Mg?*/Mg) = -2.37 V °
+2Mg - 2Cu + 2Mg?* ? € 2Cu?* + 2Mg - 2Cu + 2Mg?*

(R) +5.42V +5.42 V @

+2.03V +2.03V

@ +2.71V +2.71V @
@ -2.71V
-2.71V @

e Which statement about the cell Co | Co?* || Ag* | Ag is correct? (E° Co?*/Co g Co?*/Co=-0.28V 1 (E° SAg | Ag* || Co?* | Co &ulall Jc dauan Ajlc si
=-0.28 V; Ag*/Ag = +0.80 V) (Ag*/Ag = +0.80 V

@ E°cell = +0.52 V and electrons flow from Ag to Co Co JI Ag o ciligrialill eljaiig E°cell = +0.52 V @

E°cell = +1.08 V and electrons flow from Co to Ag Ag JI Co gn ciligfialyll ¢ljiig E°cell = +1.08 V

(c) Eccell = -1.08 V | E°cell =-1.08 V (©)

@ E°cell = +1.08 V and Ag is the anode aennll ga Ag g E°cell = +1.08 V @

E°(Fe?*/Fe) = -0.45 V and E°(Ni?*/Ni) = —0.26 V. Which statement is Sdayan djlic ,5i R - PP e
correct? Eecell=+0.19 V |.IJ|_CL|J Ni2* ULig.,l,i Fe il @
E°cell = +0.19 V : Liiléili Fe?* culigyl Ni Jjizy
E°cell = +0.71 V : Ni%* ciligii Fe Jjiau @
lngiy Jelai ¢nay 1l (D)

@ Fe reduces Ni?* spontaneously; E°cell = +0.19 V
Ni reduces Fe?* spontaneously; E°cell = +0.19 V
@ Fe reduces Ni?*; E°cell = +0.71V

@ No reaction occurs between them
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Learning outcome - pleoill da1ii

Inspire (English)

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

ailgall audall alall dlalenllg (L=,3.|J.b.n.IJI (Hgaill) adall joj wial

o The following reduction half-reactions represent the half-cells of a
voltaic cell:
Fe®* + 3e" = FeE°=-0.037V
Pt?* + 2e" = PtE° = +118 V
Which data is correct?
Cell voltage +1.217 V; overall: 2Fe + 3Pt?* _. 2Fe3* + 3Pt; notation: Fe |
Fe3* || Pt?* | Pt; spontaneous
Cell voltage -1.217 V; overall: 3Pt + 2Fe3* _ 3Pt?* + 2Fe; notation: Pt |
Pt2* || Fe®* | Fe; nonspontaneous
Cell voltage +1.143 V; overall: 2Fe3* + 3Pt?* _. 2Fe + 3Pt; notation: Pt |
Pt?* || Fe | Fe3*; spontaneous
Cell voltage -1.143 V; overall: 2Fe + 3Pt — 2Fe3* + 3Pt?*; notation: Fe |
Fe3* || Pt?* | Pt; nonspontaneous

a 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

(a) ca** | ca| Ni | Ni**

Ni%* | Ni || ca?* | ca

(c) Ni | Ni?* || ca** | ca

(p) ca| ca® || Ni** | Ni

e Which of the following represents the cell notation for the voltaic cell
consisting of aluminium and copper electrodes?
AP* +3e” - AIE°=-1.662V
Cu?* +2e” - CuE®=+0.3419 V

Al| AB* || cu?* | cu
Cu | Cu?* || AB* | Al
@ AR* | Al|| Ccu | cu?*
(o) cu* | cu || AI| AR
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Fig. 6 - Example 1 31-34

:duilga aual griranill Jridall aulill dranill JIFadl aldelai Jiod a
Fe3* +3e =2 FeE° =-0.037V
Pt>* +2e = PtE° =+1.18V
S@agan &l alilyll go si
| Fe :jiofill 22Fe + 3Pt2* - 2Fe3* + 3Pt Jall Jclaill 11.217 V+ éulall apga
) Lildli (Pt | Pt?* || Fe3*
| Pt:jiofill :3Pt + 2Fe* - 3Pt?* + 2Fe :_Jall Jclaill :1.217 V- alAall aga
) Lilali e (Fe | Fe3* || Pt2*
| Pt :jiosill :2Fe* + 3Pt?* - 2Fe + 3Pt Jall Jclaill :1.143 V+ ailAll apga
) Lildli FFe3* | Fe || Pt2*
| Fe :jinill :2Fe + 3Pt —» 2Fe3* + 3Pt2* :_lAall Jclaill 11.143 V- éall aga
] Lilali pe Pt | Pt2* || Fed*

Jadll gihi go ggali sill G-I-ngﬂJIG-IJaJIILDJ-Id-Lﬂ-Iul-ILDDcsl °
fpguullalig
Ni2* + 2e” » NiE° = -0.257 V
Ca’*+2e - CaE°=-2.868V

Ca?*|Ca|| Ni|Ni?* @
Ni2* | Ni || Ca%* | Ca
Ni | Ni2* || Ca%* | Ca @
Ca|Ca?* || Ni%* | Ni @

potinlill ulhél gn ggaii sill drilgall &l jioyi Jing Lo s a
Syulaillg
AI** +3e” » AlE° =-1.662 V
Cu?* +2e" - CuE° =+0.3419 V

Al|AR* || Cu?*|Cu ®

Cu|Cu?* | AP | Al

AI** | Al|| Cu|Cu?* ©

Cu?*|Cu]| Al| AP* ®

(44]



24 | Write the cell notation and the overall cell equation of a voltaic cell (cont.)

° Which of the following represents the cell notation for the voltaic

cell consisting of magnesium and lead electrodes?
Pb2?*(aq) + 2~ - Pb(s) E° = -0.1262 V
Mg?*(aq) + 2e~  Mg(s) E° = -2.372V

(a) Pb | Pb?* || Mg?* | Mg

Mg?* | Mg || Pb | Pb?*

(c) Po** | Pb || Mg | Mg**

(o) Mg | Mg** || Pb?* | Pb

e A cell is made of Sn (E° Sn?*/Sn = -0.1375 V) and Pt (E° Pt>*/Pt =
+1.18 V). What is E°cell and the overall equation?

(a) +1.0425V ; Sn + Pt?* _, Sn?" + Pt

-1.3175 V; Pt + Sn?* _ Pt** + Sn

@ +1.3175 V ; Sn + Pt** _. Sn?* + Pt

(p) +1.3175 V ; Pt + Sn?* _ Pt?* + Sn

In the cell notation Al | AI®* || Cu?* | Cu, how many electrons are
transferred per balanced equation?

()2
6
(©3
(o) 5

e A voltaic cell is made from Al (E° AI**/Al = -1.662 V) and Ag (E°
Ag*/Ag = +0.7996 V). Which row gives E°cell and the balanced
overall equation?

@ +2.4616 V ; Al + 3Ag* — APP* + 3Ag

+2.4616 V ; 3Al + Ag* — 3AIR* + Ag

(c) +0.8624 V ; Al + 3Ag* — AP + 3Ag

@ +7.4V ; Al + Ag* - AP* + Ag
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Gl go ggali ill &ilgall aylall jinyi Jiny Jy oo si - (@)
Syalnylig pgruionll
Pb?*(aq) + 2™ = Pb(s) E° = -0.1262 V
Mg?*(aq) + 2™ = Mg(s) E° = -2.372 V

Pb | Pb?* || Mg** | Mg (&)

Mg?* | Mg || Pb | Pb?*

Pb?* | Pb || Mg |Mg** ()

Mg | Mg?* || Pb?* | Pb (D)

E°cell Lo .Pt (E° = +1.18 V) g Sn (E° = -0.1375 V) gn &uls e
fauall dlalenllg

Sn + Pt?* - Sn?* + Pt:1.0425 V+ @

Pt +Sn2* - Pt?* + Sn:1.3175 V-

Sn +Pt?* > Sn?* + Pt: 13175 V+ ()

Pt +Sn2* - Pt?* +Sn1.3175 V+ @

dlalenll _a Jdiii ligriall p& Cu | Cu?* || AR* | Al &ulall joj _a
digjgall

2(®

6 ()

3(9

5(0)

1Ag(E° g (AIP*/Al = -1.662 V 1 Al (E° n dyilgd duls e
dulall dlaleallg E°cell Lhey win si.(Ag*/Ag = +0.7996 V
Sdigjgall
Al +3Ag* - AI** + 3Ag ! 2.4616 V+ (™)
3Al+ Ag* — 3AI* + Ag ! 2.4616 V+
Al + 3Ag* - AI®* + 3Ag : 0.8624 V+ ©
Al+Ag* - AP* + Ag: 7.4 V+ (®

(45



Learning outcome - ploill daLii Inspire (English) Page

Apply E°cell to identify the cell reaction, the electrodes and spontaneity (Check Your Progress)

25 ey e P " Check Your Progress 34-35
(¢loadi (jo (Gdai) aldlillg ulhdillg adall Jelai aaail E°cell (Gih
G Which of the reactions represented in the table below is non- wgpall Jh (A LiLdl pé alial Jgaall La diinll aulelaill oo i G
spontaneous under the standard conditions? o ) '~'a.|.|.uLu:|.II
2Au%" + 3Cu - 3Cu?" + 2Au (E° = +116 V) 2Au3* +3Cu - 3Cu?* + 2Au (E° = +1.16 V)
3+ 2+ =
2Fe™ + 3Mn ~ SMn"" + 2Fe (E° = +1.148 V) 2Fe3* + 3Mn - 3Mn2* + 2Fe (E° = +1.148 V)
Fe + 2Cu — Fe + ZCLI (E = +0.96 V) Fe + 2Cu+ - Fe2+ + ZCU (E° = +0-96 V)

Ni + Fe2* _ Ni?* + Fe (E° = -0.218 V)
(A) 2Au3* + 3Cu - 3Cu*" + 2Au
2Fe3* + 3Mn - 3Mn?* + 2Fe
(c) Fe + 2Cu* . Fe?* + 2Cu
(o) Ni+Fe?* — Ni** +Fe

Ni + Fe2* - Ni?* + Fe (E° = -0.218 V)
2Au3* + 3Cu - 3Cu?* + 2Au @
2Fe3* + 3Mn - 3Mn?* + 2Fe
Fe + 2Cu* - Fe?* + 2Cu @
Ni + Fe?* - Ni** + Fe (D)

Which reaction is NOT spontaneous under standard conditions? Sauwbdll agpall (A LAl pé daullill Gulelaill 6i
g Zn + Cu™" - Zn®" + Cu - Zn + Cu2* - Zn2* + Cu g
Mg + Fe?* . Mg** + Fe Mg + Fe2* - Mg?* + Fe
(©) Cu+2Zn* — Cu* +Zn Cu+Zn?* - Cu?* + Zn (3)
(©) Al+NiZ* — AP* + Ni Al+Ni2* - A" + Ni (D)

e E°cell of a voltaic cell is +0.47 V and E° of the cathode half-cell is +0.34 Lo .0.34 V (Cu?*/Cu)+ bhugnll \nil E° g 0.47 V+ = dLilga dulal E°cell e
V (Cu?*/Cu). What is E° of the anode half-cell? Saonnll wvinil E°

(») +081V +081V ()
*013V +0.13V
(c) -0.81V -081V (¢)
(@) -0V -0.13V (D)

Given E°(Fe3*/Fe?*) = +0.771V, which species can spontaneously Aawal ethiug daylill Elg.iﬂl 5id E°(Fe3*/Fe?*) = +0.771V glalal °
oxidize Fe?* to Fe®* under standard conditions? Seuulidll wagphll g Liflali Fe3* LI Fe?*
@ Cu?* (E° = +0.3419 V) ) Cu?* (E° =+0.3419 V) @
Zn?* (E° = -0.7618 V) Zn?* (E° = -0.7618 V)
(c) Pb?* (E° = -0.1262 V) Pb2* (E° = -0.1262 V) ©

(©) Ag* (E° = +0.7996 V) Ag* (E° =+0.7996 V) (D)
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25 | Apply E°cell to identify the cell reaction, the electrodes and spontaneity (Check Your Progress) (cont.)

e E°cell = +1.46 V with Pt?*/Pt (+1.18 V) as the cathode. What is Saenanll agjl E° Lo .Pt2*/Pt (+1.18 V) lphuigng E°cell = +1.46 V
E° of the anode couple? +028V

(R) +0.28 V -0.28V
~0.28V -2.64V (C)

(c) -2.64V
@ 264V +2.64 'V @

e Which couple is the anode when combined with Pt?*/Pt to give clhcll Pt2*/Pt @ ailidl aic aenall jgay agj ._si e
E°cell = +3.89 V? SE°cell = +3.89 V

(») Na*/Na Na*/Na (a)

Mg®*/Mg Mg?*/Mg

@ Li+/|.i Li*/Li @

(o) /Al AP*/Al (o)

Learning outcome - pleill daiii Inspire (English)

Compare voltaic cells and electrolytic cells

26 e Fig. 18 47
auluInill aylallg ailgall Ul gy g)la

g Which of the following is true for the two cells below? Solial Jgudall glei) lora aian Ll lon ,_si

Cell (1) converts the electrical energy into chemical energy ayilings aalh I aiilygall aalall (1) péy adall Jgai

A spontaneous redox reaction occurs in cell (1) L:,J‘Ld.IJ'LJIﬁ'jIg ] Jelai (1) pay agall A ¢aay
@ Cell (2) converts chemical energy into electrical energy ayilyga daln Ll ayilynall adlinll (2) pdy ayall Jgai @
@ A spontaneous redox reaction occurs in cell (2) Lildli Jljialg Ama] Jeldi (2) py agall (g oy @

Cell 2
oltage sourc

Zn
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26 | Compare voltaic cells and electrolytic cells (cont.)

Which of the following is true for the two cells in the
figure?
@ In cell 1the reaction is spontaneous
In cell 2 the reaction continues until the zinc strip is used up
and then the reaction stops
@ Cell 2 is an electrolytic cell and converts chemical energy to
electrical energy
@ Cell 1 converts chemical energy into electrical energy

Cell1

Which of the following is true for the two cells below?
gln cell number (1), the electrons flow from Cu to Zn
In cell number (1), the anode produces electrons from Zn
@ In cell number (2), the anode produces electrons from Zn
@ In cell number (2), the electrons flow from Zn to Cu

Cell1

™)
b4
Zn Salt bridge Cu
1M Zn?* MC
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wilali Jelaill ggay 1 aall g
waagiy pi oyl ahé ellging Sia Jelaill jaiug 2 adall 4
JeLaill
allygs adlh ] adliogall adliall Jgaig aidgpial] 2 dudall @
alygs adlh ] ddliausll aalill 1 adall Jgai (o)

Salial grigall §lei lowa ayan Ll loo sl
Zn I Cu o aligrialyl Gaaii (1) ad) adall g
Zn o aligiialull agidll aiif (1) pay adall g
Zn (o aligrialdl agilll qiif (2) paj adall _a @
Cu JI Zn go aligiial I (§aaii (2) pay adall g @

Cell 2
Volt: source

- )

Salt bridge

Zn Cu
1M Zn2* 1M Cu?*




26 | Compare voltaic cells and electrolytic cells (cont.)

° Which statement correctly differentiates an electrolytic faan Jauiy drilgall Je daulaill adall jad éjlc ,5i 4

cell from a voltaic cell? Al g ugall aic Al éaai o

@ Oxidation occurs at the cathode in an electrolytic cell ULl e Jeldi ¢ilany ngb ij A1yl paiwi

An electrolytic cell uses an external source to drive a non- " el ) § @
spontaneous reaction Al

@ An electrolytic cell has E°cell > 0 cllll A aenoll ] higoll go aligiSldl il @

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

The anode of an electrolytic cell is... dhdll ga alaill ausll aenn
negative and oxidation occurs there AawAill oaic ¢naig allwll
positive and reduction occurs there JIfall oaic ¢aaig aagall

@ negative and reduction occurs there Jiaulianic ) @

ositive and oxidation occurs there . -
@ > AawSlll oaic Ganig uagall @

6 Which feature is common to both cell types? SLAll cgi (qu dayliin Gan -.Si 6
(A) They are spontaneous Lilali lnals o
Reduction takes place at the cathode hugall li.C"LJ|j"I'j.IJ| A

@ They need a voltage source

2p32 a0 gliay lnauls (¢)
@ The cathode is positive

oy wagn hugall (D)
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Learning outcome - pleoill dayii Inspire (English) Page

Explain how a spontaneous redox reaction can be reversed by an external voltage source

27 . TP S e Fig. 18 47-48
b aga Guhiy Lilali Jljidlg dawdl Jelai gue gang wais jng
What is the similarity between the two cells below? Salial (idall Ju auill aag Lo
A nonspontaneous reaction occurs ildli e Jeldi éigan
An oxidation-reduction reaction occurs LJ'J"'D".'Q Bauwal Jeldi digas
@ A neutralization reaction occurs Jalei Jeldi ¢igan @
@ A spontaneous reaction occurs W et ol i @
o e

a Regarding the cell in the figure (Zn and Cu strips joined to a Cu g Zn Uhad) Jaull _a dahagaoll aldsll (Gleil loia e

voltage source, with a salt bridge), which of the following is falan L’_||_| Lon -.Si ,(a__.__a,la Bjhid gn aga janng Jilngn

correct? I T : . . ; .
, _ , o Jelaill caagy pi groylall uhd ellgiug sia Jelaill jaiuy (a)
The reaction continues until the zinc strip is used up, and then

the reaction stops o " | LJ'.'.-DJJ—'L” hdaic ?J:LUﬂ alnc ¢
Oxidation takes place at zinc electrode ageig aall aai e Gl (ilygall agali) C"'C'Lb“ ano Joo| @
L jai alnill lgiga I ddall

The external power supply (voltage) works on cell regeneration
wulaill uhé aic JIfal ¢aag @

and the cell returns to almost its original strength
@ Reduction takes place at copper electrode
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27 | Explain how a spontaneous redox reaction can be reversed by an external voltage source (cont.)

e A Zn | Zn?* and Cu | Cu?* cell is connected to a voltage
source of 2 V. The reactionis...

(a) spontaneous: Zn + Cu?* - Zn** + Cu
non-spontaneous: Cu + Zn%* _, Cu?* + Zn
@ non-spontaneous: Zn + Cu?* _. Zn?* + Cu
(D) not a redox reaction

Which change in a Zn/Cu cell converts it into an
electrolytic cell?

@ Replacing Cu with another Zn electrode

Removing the salt bridge

Replacing the lamp with a voltage source greater than 1.10 V
connected opposite to the cell
@ Using a voltage source of 0.5 V in the same direction

e To reverse the reaction Zn + Cu?* _ Zn2* + Cu (E°cell =
+1.10 V), the external voltage must be...

@ less than 1.10 V in the opposite direction
greater than 1.10 V in the same direction
@ greater than 1.10 V and in the opposite direction

@ exactly zero

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

@ Zn - Zn%* + 2e"

Zn?* + 2e” - Zn

@ Cu?* + 2e” - Cu
@ Cu - Cu?* + 2e-
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.2V aga janng dlgngn Cu?* | CugZn?* | Zn dula e
Jelaill

Zn + Cu?* - Zn?* + Cu:ilali (a)
Cu +Zn?* - Cu?* + Zn :jldili jic
Zn + Cu®* > Zn** + Cu::_lali e ()

Jlfialg dawasl gy ()

S@ululai dua )l Lglgay Zn/Cu dula a puei sl (@
1Al Zn uhd Cu leluml
daalall aphiall ¢ji
alall yuae) Jgngo 1.10 V o 5l aga janay ainall Jlatiwl (¢)
awaialill A 05Vagajano @

Zn + Cu?* > Zn2* + Cu (E°cell = +1.10 V) Jclaill yuael e
w2l agall ggay g g

guslenll alaill 4 1.10 V go Jal (a)

chmDmulgmmvunnﬁi

pusleall olaill g 1.10 V go pal (©)

han (D)
whi aic ¢y Jelai wni sl dwgaenll Cu-zn dula _a
“ *.'U-yojl_‘.;Jl

Zn - Zn%* + 2e” @

Zn%* +2e" > Zn

Cu?* +2e" > Cu @

Cu - Cu®** +2e” (D)



Learning outcome - pleoill dayii Inspire (English) Page

Explain the electrolysis of molten ionic compounds (molten NaCl, Downs cell)

. . iy e Fig. 19 48
28 (jigh &l NaCl - jggno) Aygniall augilll ailisjall ilygall Juail i °
A Down's cell in the figure below is used for the electrolysis of molten sodium a1)gla jggnal ilygall Juaill p.n.u.u.l alial Jauill _a jigla dula a
chloride. Which of the following is not correct? i fatan pc b oo l5I -pgiagnll
@ A non-spontaneous redox reaction takes place Lildli e JIfalg éa 180 Jeldi ¢y @
At the cathode sodium ions (Na*) are reduced to sodium (Na) metal (Na) paingnll jla ) (N;*) paignll ailigil Jfaf agitall aic

@ Chemical energy is converted to electrical energy

auflyga adlh ) aiflingall dalill Jgaii (c)
@ At the anode chloride ions (CI~) are oxidized to chlorine (Cl,) gas

(Cl,) jglalljle JI (C17) ayglall ciligil amslii agifll aic (D)

Nal(l) collected

molten NaCl (= 801°C)

During the electrolysis of molten sodium chloride (NaCl) in a Down's cell jigla aula L,¢:| NaCl pgiagnll 24)gls jggnal .:,ih_j.gb." Juhill éulnc Jua a
shown below, what happens to the sodium ions? $pgiagnll aligadl ¢aay laln .olial &angall
@ Oxidized at the anode 2gifll aic awalii @
Reduced at the anode el i s
@ Oxidized at the cathode SRl =te st @

@ Reduced at the cathode e ke 25 @

What is the anode reaction in a Down's cell? $Hgladaus A agiill Jelailo
g 2CI7() - Cly(g) + 2e~ 2CI7() = Cly(g) + 26~ 8
Cly(g) + 2 — 2CI7() Cly(g) + 2™ - 2CI()
(©) Na() - Na*() + e Na() - Na*() +e” (c)
(o) Na*() +e” ~ Na() Na*()+e” - Na() (D)
Which half-reaction describes the cathode in the electrolysis of molten NaCI? fNaCl jggnn Jihai a4 higoll Wng Jeldi dni @i 4
(A) 2CI” - Cl, + 2¢° 2CI" > Cly + 2e”
(8) Na - Na* + e~ Na—>Na++e'
% Cl, + 26 - 207 Cl,+2e” - 2CI" (¢)
Na* +e” —~ Na Na++e‘—>Na@
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28 | Explain the electrolysis of molten ionic compounds (molten NaCl, Downs cell) (cont.)

The minimum voltage needed to electrolyze molten NaCl is Na*/Na=-2.71V J1(E° ..qgjld) NaCl jggnn Juail pjuaga dﬁi
closest to... (E° Na*/Na = -2.71V; Cl,/CI~ = +1.36 V) (Cl,/CI"=+136Vg

() 135V 135V @
(&) 4.07V 407V
@ 271V 2

71V @

(p) 1.36 V 136V @

3 Why is CaCl, added to the molten NaCl in the Downs cell? §}igla dula (4 NaCl jggno ] CaCl, wWlAjlalal
(A) To lower the melting point of the mixture To lower the melting point of the mixture (a)
To increase the voltage required To increase the voltage required
(©) To reduce Na* instead of CI- To reduce Na* instead of CI” ()

To make the reaction spontaneous .
O, P To make the reaction spontaneous @

Learning outcome - ploill dayii Inspire (English) Page

Predict the products of electrolysis of aqueous ionic compounds (aqueous NaCl and water)

. - e Fig. 20 49
(clnlig NaCl Jglan) duilall Jullaoll Liliygall Julaill Jilgi gégi
° What is the reaction of the cathode in a NaCl solution electrolytic ¢NaCl Jglanl Lilygall Julaill duls (4 agilall Jelailo
cell? Cly(g) + 2™ = 2Cl (aq)
@ Clz(g) + 2e” - 2CI (aq) oz(g) + 4H+(aq) + Lo — 2H20(|)

0,(0) + 4H*(aq) + 4e™ — 2H,0()
(c) Na*(aq) + & ~ Na(s)
(D) 2H,00) + 2e™ — Hy(g) + 20H (aq)

Na*(@q) + e” = Na(s) @
2H,0() + 2™ > Ho(g) + 20H(ag) @

Which of the following substances does not result from the Jolanl Lilpgall Julaill Jlall Jelaill o odif o adlill algall Sl e
overall reaction of the electrolysis of a NaCl solution? N } \.'Naél

(®) Hz(0 Hyle) (8)
Cly(q) Cla)
(c) Nas) Na) (o)

@ NaOH aq) NaOHizq) @
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29 | Predict the products of electrolysis of aqueous ionic compounds (aqueous NaCl and water) (cont.)

Which statement is true about the electrolysis of
aqueous NaCl?

@ Sodium metal forms at the cathode

Oxygen forms at the cathode

@ The solution near the cathode becomes basic
@ Hydrogen forms at the anode

° Which statement distinguishes electrolysis of molten
NaCl from aqueous NaCl?

@ Molten: Na forms at the cathode; aqueous: H, forms at the
cathode

Molten: H, forms; aqueous: Na forms

@ Both give Na at the cathode

(D) Both give O, at the anode

Aqueous Na,SO, is electrolyzed. Which row gives the
product at the cathode and at the anode?

(a) Cathode: Na ; Anode: SO,
Cathode: O, ; Anode: H,
(c) Cathode: H, ; Anode: O,
(p) Cathode: Na ; Anode: O,

° Which half-reaction occurs at the cathode when
aqueous NaCl is electrolyzed?

@ Na* +e” - Na

2CI~ - Cl, + 2e~

(c) 2H,0 ~ Oy + 4H* + 4e”
(D) 2H,0 + 2e” — H, + 20H"

DR MOHAMED ABDELSALAM - AL MIZN SCHOOL 0502500589

NaCl Jglaal ilygall gulaill ge dagan éjlic (sl
higoll aic pgiagnll jfla jgai
higallaic grawail ggai
baclé hugall aé Jglaall any (¢)
aenall aic gagiug!l ggal (p)

Salglan gc NaCl jggnn Julaipnidjluc si - (@
hignllaic Hy ggair:Jglanll : hugoll aic Na ggai) u%mil
Na ygais :Jglaall : H, ggall ygpnall

hugallaic Na Lhe loads (o)

aennllaic 0, Lhw lnalls ()

aic ilill he) wn si.Lilygs Na,S0, Jglan Jiaj e
Saennllaicg higall

SO, :aenall:Na:higall (a)

H, :nonnll ¢ 0, :higall

0, :aenall 1 Hy:higall (¢)

0, :aenall:Na:higall (D)

Na* +e - Na

2CI~ > Cl, + 2e-

2H,0 - 0, + 4H* + 4e” (¢)
2H,0 + 2¢ = H, + 20H™ (D)

Q

$NaCl Jglan Julai d higoll aic énay Jeldi wni si
®)



Learning outcome - pleoill daLii Inspire (English) Page

Describe electroplating: electrodes, electrolyte and half-reactions

30 o . P _ Fig. 22 51-52
Jelaill lanig aylgpislilg alhdll :ilygSil cllbll wan
A layer of gold is deposited on an aluminum sheet, as in the figure Jauill (g oS uaill (o ddhg Pg__|__i_njjjl U0 dauan ghu Llhai ‘
(Au and Al electrodes, 9 V battery). Which of the following is N fann il Lnn (s .(cLga 9 dujlihg Al g Au Lhd)
correct? ‘ | . 2gilall AAu > Au®* + 3e” agiill 51aji pgiinlill aaudn dli (R)
@ Mass of the glumlnum sheet increases; anodg: Au ; Au®" + 3e~; Aud* Lle (sgin culgpialill Audt + 36~ - Au
cathode: Au®™ + 3e™ - Au; electrolyte contains Au AR - o Al Al - AIR* i . B
Q Mass of the aluminum sheet decreases; anode: Al - AIP* + 3e; ' +3e” > Alagilbll Al = e sl d:f PY: J{I "GJD
cathode: AI®* + 3e~ _, Al; electrolyte contains AI** Al e sginy culgpialdll
Mass of the aluminum sheet increases; anode: Au®* + 3e~ - Au; agilall :Au®* + 3e” - Au:agilll 1alaji pgsinl il dagan dlis ©
cathode: Au - Au®* + 3e~; electrolyte contains Au®* Audt c Sgia) clgpialyl :Au - Aud* + 3e”
(D) Mass of the aluminum sheet decreases; anode: Au®" + 3e” — Au; ‘Al > AP* + 3¢ :agilall :Au* + 3e” - Au :agilll 1 Jdi pguinlfll dagan dlia
cathode: Al - AI®* + 3e; electrolyte contains AI3* AR* c sgin culgrialill
The figure shows an object (a fork) being silver-plated in an ST dirlgrial] dula 4 dAdll (G5gd) pua cilh Jhainll angy a
electrolytic cell containing AgNO; solution. Which of the following is } ) fann il oo s1.AgNO; Jglan e
; Al
correct: 2gilll ga 0gulh aljnll purall ggay (R)

@ The object to be plated is the anode

The metal used for coating is the cathode
@ Silver is oxidized to silver ions at the cathode
@ Silver is oxidized to silver ions at the anode

agilall ga @ cihll alpoll jlall jgal
agilall aic anall aligil I aaall aw4lii @
agidll aic anall aligll I aAall amalii @

fork

AgNO, (aq)
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30 | Describe electroplating: electrodes, electrolyte and half-reactions (cont.)

e The figure shows a key being electroplated with copper in diilgpial] aua (a gulaill alidan cilh Jamll ahgy e
an electrolytic cell (Cu electrode connected to the -.Si (&l uagaoll uhdll Jgngo gulaill ahd)
battery's positive terminal). Which of the following ) Sdauan adlill aljlell

statements is true?
@ Copper is oxidized to Cu?* ions at the cathode
Reduction of copper ions occurs on the anode electrode

agilall aic Cu?* ailighl ] golaill awali (a)
gilll uhd aic Gulaill aligif JIfal ¢aay
oulaill uhd alia alaji @

@ The mass of the copper electrode increases . )
Jlfidlg dawal Jelai alany ailygall dalall pasiwd ()

@ Electrical energy is used to cause a redox reaction

Cu key

The figure shows the electroplating of an iron fork with g0 daguil Lilygall cilhil diloc olia Jauull jghag °
silver in an electrolytic cell. What is the cathode in the A gilall o . ilygh Julad duld (a dAdlly agaall
- = = = g
The iron fork B
® ay2ll a5gi (R)

An electrolyte solution culgrialdl Jglan

@ The silver sheet . .
(D) The battery anall .CD-LG-D. L @
ayladl ()

fork

AgNO_(aq)
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30 | Describe electroplating: electrodes, electrolyte and half-reactions (cont.)

e Based on the figure (Cu anode (+) and Zn cathode () in 1M Cu” solution, uhidlly Zn agilag wagnll uhill Jgngn Cu agii) Jaill Lle Ialnicl
voltage source), which of the following statements is true? Sdaunn alil aljlusll nSi {2p2 jann gn 1 M ajiayi cu” Jolan L wllull
@ The mass of the copper electrode increases N ulaill -I- 5 Alis alaji @

Anode reaction: Cu - Cu?* + 2e”

Cu - Cu?* + 2™ :agilll Jclai
@ Oxidation of Zn atoms occurs gilll Je

Zn ailjal dawal énai ()

@ Zinc ions move to the copper electrode .
wuhaill ahé I giagladl aligyl i @

° The figure shows the electrolysis of a copper-plated key in an electrolytic Cu uhi) ilpgh Julai duls A alidnl gulaill cilhll dulnc Jadill ahg

cell (Cu electrode connected to +, key connected to -, Cuz‘(aq)). Which of adLill cilylisll '5i .(Cu2+ Jolan - uhill alianllg .+ whill Jgngn
the following statements is correct? N T ) ; ) Cen

fdalan
The key represents the anode a 2
® L 2gilll alidall Jiny (R)
The mass of the key decreases R
alianll alia Jaj

@ The mass of the copper electrode increases
wuhill uha ali4 alaji @

@ Copper is oxidized to copper ions at the anode ) ;
agilll aie guhill aligsl 1 gulill 2wl @

key

In which electroplating setup is the mass of the anode expected to Saenall dlia Jdi cih alacl si  a
decrease? .

@ Graphite anode in CuSO4(aq) alian c k! CuSO, 4 yulai
Copper anode in CuSO,(aq) plating a key i

NaCl ¢ 5 Pt
(©) Inert Pt anode in NaCl(aq) SAdo . Reia @
(o) Ptanode in AgNO;(aq) AgNO; A Ptaenn @

CuSO, _a cnalppaenn
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30 | Describe electroplating: electrodes, electrolyte and half-reactions (cont.)

A spoon is silver-plated using AQNO3(aq). Which
statement is correct?

@ The spoon is the anode and gains mass
The spoon is the cathode and gains mass
@ The silver bar is the cathode

@ The silver bar gains mass

° During electroplating, the concentration of metal ions in
the electrolyte remains nearly constant because...

@ no ions are deposited
the electrolyte is replaced continuously
@ the cathode dissolves

@ ions deposited at the cathode are replaced by ions formed at
the anode
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saqmajméi.AgNo3p|ﬁmu&ﬁmu&amﬂdbi 8
lgilis alajig aenall & ddelall o

Lpili4 alajig hugoll L& ddelnl]

hignll ga dnall aad @

anall auad alia slaji ()

A jlall aligyf jragi Gy Lilipgall el elii e
w4l Ly Ll Gulgpriall
ciligul @i wmyigl @
Jhoiwb adgialdl Jatg
hignll ugyy (c)
1onnll aic Jgaii aligih el higoll aic annfindl ciligydll (®



