REDOX Lesson 3
Half-Reactions

By separating a redox reaction into two half-reactions, we can get a better understanding of how
redox reactions take place.

Mgys) + Claigg ——> MgClz

Cuis) + 2 AgNO3(ag) —> CuU(NO3)2(aq) + 2 Agys)

Example

Write the half-reactions for the reaction:

2 Alis) + 6 HCljagg ——> 2 AICl3(aq) + 3 Ho(g)

lon-Electron Method

We can use half-reactions to redox equations. When we do so, we are
using the ion-electron method.

1. Write balaonced oxidation and reduction

2. Change the coefficients in the balanced half-reactions so that the number of
produced in the oxidation half-reaction equals the number
of electrons consumed in the reduction half-reaction.

3. Add the two half-reactions to obtain a net ionic equation for
the redox reaction.




In acidic solution: To write a balanced half-reaction for the oxidation of ethanol, C2HsOH to acetic
acid, CHzCO:H, in acidic solution, we would follow the steps outlined below.

1. Write the equation:
CoHsOH —— CH3CO2H
2. Balance for species other than oxygen and hydrogen:

C2oHsOH —— CH3CO2H  (no change)

3. Balance for oxygen using one molecule for each oxygen
you require:

4. Balance for hydrogen using a hydrogen for each hydrogen you
require:

5. Balance for charge by adding to either the product or

reactant side:

In basic solution: We will use the reduction of the permanganate ion to manganese(IV) oxide in basic
solution as an example.
1. Write the skeletal equation:
MnOs~ —— MnO2
2. Balance for species other than oxygen and hydrogen:
MnOs —— MNO2 (no change)

3. Balance for oxygen atoms by adding one water molecule for each oxygen
that you require:

4. Balance for hydrogen atoms by adding one hydrogen ion for every
hydrogen atom:
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. For every hydrogen ion add one hydroxide ion to both sides of the equation:

6. Combine hydrogen and hydroxide ions to form water:

7. Balance for charge by adding electrons:
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Finally, cancel water molecules:



Example

Write a balanced half-reaction for the oxidation of aluminum metal to the aluminate ion (AlO27) in
basic solution.

Alis) — > AlO27(aq)

Balancing Half Reactions Assign

Combining Half-Reactions

We can combine the half-reactions for the reduction of iron(lll) to iron(ll) with the oxidation of
hydrogen gas to hydrogen ion:

The Full lon-Eleciron Method

A reaction between the purple permanganate ion and iron(ll) ion in acid solutfion to produce the
colourless manganese(ll) ion and the iron (lll) ion.

MnO4 + Fe2t —— Mn?2+ + Fed*



Example

Use the ion-electron method to write a balanced equation for the reaction between copper metal
and concentrated nitric acid to produce copper (ll) ions and nitfrogen dioxide gas.

See lon Electron Assign



Name:

Balancing Half Reactions

1. Write the oxidation and reduction half-reactions for the preparation of the following ionic
compounds:
a) 2 Nas) + Brogy —— 2 NaBryg)

b) Ins) + Sis) ——> InSys)

c) 4 Als) + 3 O2ig) ——> 2 Al2Og3)

2. Write net ionic equations and half-reactions for each of the following reactions:
a) 2 CI’SO4(OQ) + AQZSO4(0q) — CFQ(SO4)3(0q) +2 Ag(s)

b) Cag) + 2 H20) —— Ca(OH)2(aq) + Hag)



c) Claig) + 2 Naliagg ——> 2 NaClag) + l2gs)

d) Mg + 2 HCliag) ——> MQClajaq) + H2(g)

e) Ings) + 2 AgNO3aq) —> ZN(NO3z)2(aq) + 2 Ags)

3. Balance the following half-reactions:
a) AU+(oq) 7 AU3+(oq)

S (aq) > Sis)

o) AQ20¢s) + H2O(1) ——> AQ(s) + OH(aq)

d) Brag) + H2O(1) ——> BrOs™(aq) + H¥(aq)



4. Write balanced equations for the following half-reactions in acidic aqueous solution:

q) the reduction of sulfurous acid, H2SOs, to elemental sulfur
b) the oxidation of formic acid, HCO:zH, to carbon dioxide
c) the conversion of lead(IV) oxide into lead(ll) ions

5. The following half-reactions proceed in basic aqueous solution. Write a balanced
reaction equation for each.

Q) the reduction of sulfur dioxide to elemental sulfur

b) the conversion of methane into carbon dioxide

c) the oxidation of nickel into nickel(ll) oxide



Name:

lon Electron Method

1. Complete and balance the following redox reactions by the ion-electron method.

a) AQis) + Cr20O727(aq) ——> AQaq) + Cri*aq); acidic solution

b) MNO4 (ag) + NO27(aq) ——> MnO2s) + NOs3(aq): basic solution
c) CH3OH(aq) + MNO47(aq) ——> CO2(g) + MNZ*(oq); acidic solution
d) Ce#aq) * I7(ag) — > Ce3*aq) *+ |O37(aq); basic solution

e) H2O2(aq) + ClO37(aqg ——> O2(g) + Clog); acidic solution

f) NiO2s) + S20327(aq) —> Ni(OH)2(s) + SO327(qq); basic solution



2. Balance the reactions by the ion-electron method. Reactions take place in acidic aqueous
solutions.

Q) H2C204 + |05 —— CO2 + I

b) NO + Cr0727 —— NOs~ + Cr3*

3. Write a balanced equation for the reaction in which zinc metal is oxidized to zinc(ll) ion by @
dilute acidic solution containing nitrate ion. Dinitrogen monoxide gas is also formed.

4. Balance the reactions by the ion-electron method. Reactions take place in basic agqueous solutions.

a) MNnOs + NoHse ——> MnO2 + N2

b)  Cr(OH)s + 105 —> CrO.2 + I






