Chapter 7/ Redox and electrolysis
LEO = loss of electrons, oxidation
{Oxidation - gain of oxygen}
oxidation # increases

+2 =9

2Mg + Os_» 2MgO

Reduction - gain of electrons



Rule Example

| | The oxidation number of any uncombined element 1s 0. (An element by itself) | Na(s) =0, Ha(g) =0
) | The oxidation number of a monatomic ion equals the charge on the fon. Br=-1, Ca&=+)
3 The more electronegative element m a bmary compound s assigned the ON N=23 C=s)

number equal to the charge it would have if it were an ion. T
4 | Fluorine always has an oxidation state of -1. (Most electronegative. ) Naf F=-1 Na=+]
5 Oxvgen almost always has an oxidation state of -2. Except with fluorme, then | OFy F=-1,0=+

it1s +2. Orifitis ing peroxide like HaOy, then its -1. H0y; H=+1,0=-]
6 | Hydrogen has an oxidation state of +1, unless it is with a metal, thenitis-1. | LiH; Li=+], H="1
. Elements m Group [, II, and alumimnum have oxidation numbers of +1,+2, and | Al(OH);; Al = +3,

+3, respectively. 0=-2H=+l

o . CaC03; Ca=+1,0=.),

§ | Inaneutral compound, the sum of the oxidation numbers s always 0. C=+42+(6)+4=0
9 | Inapolyatomic ion, the oxidation numbers equal the charge of the ion. 504, 3= 46, =+,

0=-)




“number gets more positive
oxidized, gains oxygen
*number gets more negative
reduced, loses oxygen

+2 -2 0 +1 -2
CuO + Hz --> Cu + H20






Electrolysis - the decomposition of a compound into its elements by an electric current.

Electrolyte- the compound | either molten ionic compound or concentrated aqueous solution of ions,
which is broken down.

Electrodes - rods made from carbon (graphite) or metal, which conduct electricity to and from the
electrolyte.



Anode - positive | attracts anions which loses electrons making it an oxidation (electrons on right of
equation)

Cathode - negative | attracts cations which gains electrons making it a reduction (electrons of the
left of equation)















Extracting aluminum from bauxite ore (A soft, whitish to reddish-brown rock consisting mainly of
hydrous aluminum oxides and aluminum hydroxides along with silica, silt, iron hydroxides, and clay
minerals. Bauxite forms from the breakdown of clays and is a major source of aluminum.)

Aluminium is manufactured by the electrolysis of a molten mixture of aluminium oxide and cryolite.

Aluminium forms at the negative electrode (cathode) and oxygen at the positive electrode
(anode).

The positive anode is made of carbon(graphite), which reacts with the oxygen to produce
carbon dioxide.

Cryolite 15 used to dissolve the aluminum oxide so that the melting point of the electrolyte is lowered
to about 970 degrees. It improves the electrical conductivity of the electrolyte.
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B In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in
molten cryolite?

A 1o reduce the very high melting point of the electrolyte -
B cryolite provides the ions needed lo carry the current
G cryolite reacts with the aluminium oxide to form ions

D molten aluminium oxide alone would not conduct electriciy



9 A cheap carbon monoxide detector for a gas heater consists of a patch containing palladium
chloride crystals. When carbon monoxide is present, the crystals turn from orange to black as the
following reaction takes place.

CO(q) + PdCk(s) + H,0(l) = CO4{g) + Pd(s) + 2HCl(aq)
orange black

Which is the element whose oxidation number decreases in this reaction?
A carbon
B chlonne

C hydrogen
D palladium -



2 In flooded soils, like those used for rice cultivation, the oxygen content is low. In such soils
anaerobic bacteria cause the loss of nitrogen from the soil as shown in the following sequence.

In which step is the change in oxidation number (oxidation state) of nitrogen different to the
changes in the other steps?

A B C D
NO, (ag) — NO,{aq) — NO(g) —> N,0(g) — N,{9)



3 Inthe extraction of aluminium by the electrolysis of molten aluminium oxide, why is cryolite added
{0 the aluminium oxide?

A toensure the aluminium is not oxidised
B toensure the anode is not oxidised
C tolower the melting point of the aluminium oxide -

D to prevent corrosion of the cathode



b Ammonium nirate, NHLNO5, can decompose explosively when healed.
NHNO; = N0 + 24,0

What are the changes in the oxidation numbers of the two nitrogen aloms in NHNO, when tis
reaction proogeds?

A B W D



10 The oxide of titanium, TiOy, is used as a ‘'whitener' in toothpaste. It is oblained from the ore
ron(1l) titanate, FeTIO,

What is the change, if any, in the oxidation number (oxidation state) of titanium in the reaction
FeTi0y - Ti0,?

A Itis oxidised from +3 to +4.

B Itis reduced from +3 to +2
C Itis reduced from +6 {o +4,
‘D There i no change in the oxidation number.



11 The diagram shows a cell for the manufacture of aluminium.

graphite anodes

mixture of Al,O, and molten cryolite

graphite lining acting as cathode
molten aluminium
Which statement is incorrect?

A Aluminium ions are oxidised in this process.

Aluminium is liberated at the cathode by the reaction Al** + 3e~ — Al.

The cryolite acts as a solvent.

o O W

The graphite anode bums away.



16 In the treatment of domestic water supplies, chlorine is added to the water to form HCIO.
Clz(aq) + H0(l) - H'(aq) + CI'(aq) + HCIO(aq)
The HCIO reacts further to give CIO ions.
HCIO(aq) + H;0(l) - H30’(aq) + C107(aq)
Both HC10 and CIO™ kill bacteria by oxidation.

What is the overall change in oxidation number of chlorine when forming the CIO™ ion from the
aqueous chlorine?

A -1 B 0 C +1 D +2



15 In the treatment of domestic water supplies, chlorine is added to the water to form chloric(l) acid,
HCIO.

Clk(aq) + H;0(l) - H'(aq) + CI"(aq) + HCIO(aq)
This reacts further to give the chlorate(l) ion.
HCIO(aq) + H;O(l) - H:0"(aq) + ClO(aq)
Both HCIO and CIO" kill bacteria by oxidation.

What is the change in oxidation number of chlorine in forming the chlorate(l) ion from the
aqueous chlonne?

A -1 B 0 C + D +2



4

8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
oceur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

reaction
‘A 4NH, + 502 —4NO + BHEO
B SN{}2 +H,0 = 2HNO, + NO
C 2NO + 0, - 2NO,
D 4NH, + 6NQ - 5N, + 6H,0




9 Atthe age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, ALO,, and

cryolite, NaAlF .
What is the main purpose of the cryolite?

A ALO, is covalent, and AF¢ ions interact with it to produce AI* ions which can be
discharged at the cathode.

B Cryolite is a base, forming NaAlO, with bauxite, enabling aluminium to be discharged at the
anode.
‘C  Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O* ions at the graphite anodes, which are otherwise burnt
away to CO.



9 The nickel-cadmium rechargeable battery is based upon the following overall reaction.
Cd + 2NiOOH + 4H,0 — Cd(OH); + 2Ni(OH),.H;0

What is the oxidation number of nickel at the beginning and at the end of the reaction?

beginning end

+1.5 +2

o O o >
+
[t
+
Cad




15 Which element has the same oxidation number in all of its known compounds?
“ A beryllium
B chlorine
C nitrogen
D sulphur



1. Ch(g) + $705+(aq) - Cl{aq) + SO4(aq) in acid soluton.

Answers.

(@) $,05" (ag)+ 5 By -2 304 (ag) + 10 K fag) + 8¢ (oxidation halfreaction-LEO)
Chfg) = 2¢ =2 CI'(ag) (reduction half-reaction-GER).

) $5047(ag)+ $ B0 + 4 Clafg) 2504 (ag)+ 10K ag) + 8 Clag)

O 1033 "(ag)is the reducing agent; Cl(g) is the oxidizing agent.




2. 03(g) + Br(ag) = 0y(g) + BrO-(aq) in basic solution.

(a) Br“(aq)~ Hy0+ 2 OH"(aq)= BrO(ag) = 2H,0+ 2 & o, aftersmplifymng,
Br-(ag) + 2 OH (ag)= Br0 (ag) = Hy0 + ¢ (oxidation half-reaction-LEQ);
03(g) =+ 2Hy0+ 2 e- = Oy(g) + HyO = 2 OH"(ag) or, aftersmphfymg,

0s(g) + H)0 + 2 ¢- = 0y(g) + 2 OH (ag) (reduction half-reaction- GER).

(b) Br-(ag) + 0slg) =310 ag) + 01fg

(¢) Br* (ag) is thereducing agent; Q3(g) is the oxidizing agent.



3. Balance the reaction, Br(/) = Br{(ag) + BrO3-(aq) in basic solution.
Answer: this 15 a disproportion reaction

6 Bry() + 12 OH'(ag)= 10 Bri(aq)+2 B0y (aq) = 6 Hy0



