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Section 2: Balancing Redox Equations

Balancing Redox Equations Using Half-Reactions

In chemistry, a species is any kind of chemical unitinvolved in a process.

In the equilibrium equation NH; + H,0 — NH," + OH", there are four species: the two molecules .................... and
.................... and the two ions ... @Nd oo
In this reaction: 2 Fe +3Cl, — 2FeCl,

Iron is the reducing aGeNTDECAUSE ...
Chlorine is the 0XidiZing aGENT DECAUSE ...
Oxidation: Fe — Fe3* + 3 e~
Reduction: Cl, + 2 e- — 2CI
Equations such as these represent half-reactions. A half-reaction is one of the two parts of a redox reaction—the
oxidation half or the reduction half.
To balance the chemical equation for the reaction between iron and copper sulfate solution, you could use half-

reactions. Fe(s) + CuSO, (aq) — Cu(s) + Fe,(SO,); (aq)

1. Write the unbalanced, net ionic equation for the reaction, omitting
spectator ions.
Fe + Cu?' + 50,2~ — Cu + 2Fe?' + 3502
Fe + Cu?' — Cu + 2Fe®

2. Write separate, incomplete equations for the oxidation and reduction half-
reactions, including oxidation numbers.
0 +3 +2 0

Fe — 2Fe’! (oxidation) Cu®' — Cu {reduction)

3. Balance the atoms in the half-reactions. Balance the charges in each half-
reaction by adding electrons as reactants or products.

2Fe — 2Fe?! + Be Cult +2e” —Cu

4. Adjust the coefficients so that the number of electrons lost in oxidation equals
the number of electrons gained in reduction.
2Fe — 2Fe?! + Ge~ 3Cu?" + Be™ — 3Cu

5. Add the half-reactions and cancel or reduce like terms on both sides of the
equation.
2Fe + 3Cu?' — 3Cu + 2Fe?

6. Return spectator ions, if desired. Restore state descriptions.
2Fe(s) + 3CuS0 4laq) — 3Culs) + Fe 5(S04)slaq)
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Balance the redox equation for the reaction below using half-reactions.

KMnO, (aq) +SnCl, (aq) + HCI (aq) — MnCl, (aq) + SnCl, (aq) + H,O(I) + KCl(aq)

PRACTICE

Use the half-reaction method to balance the redox equations. Begin by writing the oxidation and reduction
half-reactions. Leave the balanced equation in ionic form.

a- Cr,0,(aq) +1 (aq) — Cr** (aq) +1, (s) (in acidic solution)
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b- Mn* (aq) +BiO5(aq) — MnO, (aq) + Bi** (aq) (in acidic solution)

Challenge N,O(g) + ClO"(aq) — NO; (aq) + CI' (aq) (in basic solution)

Mr. Tarek Mohamed Gaber WhatsApp: 0554471373 Page |3



The reaction between nickel and copper (I} chloride
shown below. What are the half-reactions for this

redox reaction?

Vs Lo olial puamgall (1) el 35 JSl cy Joli

2 IRaYly 5] Dlelis

5o el Cluas
Qxidation Half Reaction

JEaY) Jelts Chual
Reduction Half Reaction

Cu"+e” —— Cu

A Ni s NI+ 2e- Cl, —» 2CI +2e"
B Ni —» Ni2*+ e Cu'+e 5 Cu
c Ni — Ni?*+ 2e Cu* +2e — » Cu
D

Ni — Ni** + 2e”

Which of the following is the correct
balanced redox equation for the following
reaction using the half-reaction method ?

NO3 + ClI™ - ClO™ + NO 44 acidic solution)

Jolill daaall 4d ) gall Adslaall A L Laa g
Jelial) dial ddy jh aladiuly U J) A g 5ausY)

(v ysma i) NO3 + CI” = CIO™ + NO

A- 2NO; +3Cl” - 2NO + 3ClOo~
B- ZNO; + 3CIl™ - 2NO + 3CIO™ + H,0

C-2NO; +3Cl” + 2H* - 2NO + 3ClO™ + H,0

D-2NO3 +3Cl” + H* - 2NO + 3ClO™ + H,0

Using the half-reaction method to balance the
oxidation—reduction reactions, what is the correct
balanced equation for the following reaction in

acidic solution?

|2 (s) + 82032_(aq) —

S,0,” + H,0 + 1,

Lo s Rl 52l el el Ul cui Al pladily

S paaad) Jgiaal b Il Jolill inacall Gy jpudl Allaal
2_ —
52047 (@) * I'(aq)

—S,0,7 + 2H" + 21

$,0,” + I, + 2H" — S,0,2 + H,0 + 2I

28,0, +2H,0 + |, —» 28,07 + 4H" + 2I

S,0,” + H,0 + 1,

—+S,0,7 +2H + I
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If given the following two redox half-reactions.

What is the minimum numbers of Pb2* and Fe?" would

have to react in order to have zero electrons left over?

GV 2al g Lol AV 53S9 Joli ieal cadaot 13}

Sy i<l aw S ol Lia: A Fed™ cligds P2 cligly

Pb* —» Pb* + 2e”

Y Jo b s

Oxidation Half-Reaction

Fe' +3e—  » Fe

JaY) Jols Cauas

Reduction Half-Reaction

Using the half-reaction method.
Which of the following is the balanced equation for the

reaction below in an acidic solution?

Fe* Pb2
2 3 A
3 2 B
2 1 C
1 2 D

RUSFARE PR 1A REPRECHEA

?\_,..z..;g,h.‘_gami J;w.u:u,;,.sm,u\‘ﬁ__‘_-@méi

$€0;," (s +ClOs ey ——» S€0,7(aq) + Clyg)

239032-(3(;) + 5C|O3-(aq) + Hzo(|) _—> 239042-(3(]) * 50'2(9) +2H*

259032_(aq) + 50'03_(aq) +2H" &, 239042_(aq) + 50'2(9) + H20(|)

589032-(8(') ¥+

559032_(311) +

2C|O3~(3q, ¥ 2H+ S SSeOJZ'(aq) + Clz(g) + H20(|)

2CI0; (aq) + Hy0p —— 55€0,2"(aq) + Clag + 2H"*

acidic medium, you must add ...............

A- H:0 and OH-
B- H20 and H*
C- OH only

D- Hz0 only

To balance the redox equations that take place in

by A Saad AN J)JEAY) g BausY) S daa (390

OH- sH:0 -A
H* s H:0 -B
ki OH- -C
Lib H,0 -D

reaction equation to be balanced?

Oowme
BN

MnO; + 8H* + Xe™ - Mn?* + 4H,

What is the value of X in the following half

0

fai A A Jeli)) Ciual Aldlaa B X dad b
$4dy] ga

MnO; + 8H* + Xe~ - Mn?* + 4H,0

1-A
2-B
10 -C
5-D
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If given the following two redox half-reactions. What S aal ga Lol Qs sausY) Jelis b ;A:\.Lr_i 13l

minimum numbers of Ce* ions and Sn?' ions would ) S
. s ST el e Al Sn?t iy Cett gy
have to react in order to have zero electrons left over? >

i g il

Ce*'t e ———»Ce* il dnlS oy

Reduction Half-Reaction
5ausSY) Jelis Caas

Oxidation Half-Reaction

Sn** — 5 Sn* +2e”

Sn* Ce**
3 2 A
1 2 B
2 1 C
2 3 D

Using the half-reaction method. Which of the following Lgisall Aslaall o S les Gl L Jelil) Cheas 4yl alasnuls
is the balanced equation for the reaction below ¢ dan Jolaa 8ol Jelill

in an acidic solution?

Cl=(aq@) + NO3(aq) — ClO—(aq) + NO(g)

3CI-(aq) + 2NO3-(aq) 2 2H+(aq) EEm—— 3C|O-(aq) + ZNO(g) + H20(|)

3C|-(aq) + 2N03-(aq) + H20(|) B 3C|O-(aq) + 2NO(9) - 3 2H+(aq)

Which of the following is the correct 320y Jolil daaall 4 g ) gall dlalaall & A Laa 6
balanced redox equation for the following el Cial 48y jh aladiuly Al J)EAY-

reaction using the half-reaction method?

Cr, 0% + 1~ - Cr3* + I(in acidic solution) | (yawJys ) €03 + 17 = Cr3* + 1

A-Cry072 + 21" - 2Cr?t +1,

B- Cr,07% + 31" + 7H* - 2Cr®* + 31, + TH,0
C-Cr,07% + 61~ + 14 H* - 2Cr** + 31, + 7H,0
D- Cr,05% + 61~ + 2H* - Cr3* + 31, + H,0
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