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ELECTROLYSIS
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Electrolysis means using electricity to split up (decompose) substances. The

substance that is decomposed is called ﬂ&itﬁﬁcrrolyfe. Two electrodes are used
to make electrical contact with the jon) They are usually made of an

unreactive (inert) substance like carbon or platinum, The positive electrode is
called the anode and the negative electrode is called the cathode. Electricity is
carried through the electrolyte by ions (NOT electrons). The electrolyte must be a
substance _which will_conduct electricity and which is decomposed by it. The
~common electrolytes are: ” T
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\5&‘*\‘ > Alkalis in aqueous solution
What happens during electrolysis?
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Note - Anions release electrons at the anode. As they discharge, these electrons
flow through the external circuit fo the cathode where they combine with cations
in order to discharge them.

> At the Anode - Anions move to the anode. When they reach it, they give up
electrons becoming oxidised. (At the anode, a non-metal (other than
hydrogen) is usually formed.
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> At the Cathagden(oaibed fiora bslthesaitipdzawhan they reach it, they

pick up electrons becoming reduced. (At the cathode, a metal or hydrogen is
usually formed.)

Example - Electrolysis of a molten electrolyte such as molten sodium chloride
(NaCl). It is easy to predict the result of electrolysing a molten electrolyte. The
compound just gets split into two parts, a metal and non-metal. The metal is
formed at the cathode (-ve), and the non-metal at the anode (+ve). So in this case,
Chlorine (gas) is formed at the anode and sodium (metal) at the cathode and

rothing is left behind. (T cuchl e 1 wied e
Explanation e e L
At the cathode:

Na' ions are attracted to the cathode because it has an excess of electrons -
that's why it's negatively charged.

At the cathode, Na' ions accept electrons from if, becoming neutral Na afoms. We
say the Na" ions have been discharged, becoming neutral Na atoms.

Na'qy + & TR Na)
Sodium ion + electron — >  Sodium atom (reduction)

At the anode:

CI ions are attracted to the positively charged anode. At the anode, electrons are
taken from the CI ions, leaving them as neutral Cl atoms. Chlorine atoms prefer to
go in pairs and so they join up, forming diatomic Cl. molecules. We say the Cl" ions
have been discharged and form Chlorine gas.

First,Clqy - ‘& ‘s—> C|3
ThenfZClp)l e Clz(j

| So overall, at the anode,

_gnld oOAL
fgec

2ol et Clzg) (Oxidation)
Chloride ions - electrons —— chlorine molecule
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Apparatus for Electrolysis of a molfen salt, e.q. Lead(II)Bromide(PbBr2
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Label the diagram and write the equations at both electrodes:
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Electrolysis of aqueous soly
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*Chlo.r'ine gas is formed at the anode and hydrogen gas at the cathode and @
solution of sodium hydroxide is left behind.

Explanation - A solution of sodium chloride contains four different ions: Na’ and
CI', and H' and OH" (from the water),

He:Op —> H'y + OHYy
Water = " Hydrogen ions + Hydroxide ions

At the Cathode:

Both Na' and H' are attracted to the cathode but only the H' ions get discharged
by gaining electrons and forming Hydrogen gas.

~) ; 7
Hont € —— Hy  (Then 2Hg — >  He@)

So overall, at the cathode: p— e — . st)

Na" ions remain behind in solution. Note that the least reactive element is always
discharged. Hydrogen is less reactive than all metals except copper, Sil\-lel". gold
and platinum. (Hz is always discharged in preference o a metal unless it is one of
the above.) EXCEPTION IS ZINC.

(The more reactive element has a stronger fendency fo exist as ions and thus
remains behind in the solution.)

At the Anode: P&O“"‘&g

Both CI” and OH'%re. attracted to the anode but only CI” gets discharged by losing
electrons to form chlorine gas*.  As lony o3 it concentrobed ,

So overall, at the anode: ~ 2CI'@y, - 2¢0 —— > Ciz(:?

OH" ions are left behind in solution. Note that Halide ions (F", CI', Br", I') are
always discharged to make the gas, otherwise OH" is discharged as oxygen gas:

4OH - e > 2H200 + 024 (for non-halide or dilute aqueous solutions)

\ )
Na' and OH" ions are left behind in soluﬁon@%mus sodium hydroxide.

pot (eGdnr)
*Clag is only formed at the anode if the sodium chloride solution being used is
concentrated. A dilute solution will give Ozq as the anode product. This rule

also applies in the electrolysis of other halide aqueous solutions.

45

Scanned with CamScanner



) B BN M = - s S s O = =

- SN B EE N

~ \Apparatus for elect

In order for the gases to be collected, the test tubes must be filled with water
wlth (the gas dlSpIace.s the water out of the tube as it fills |1‘)

Cathode: 20" v 2e 75 Wy
Anode: 4oh " -Ue — 24,0 + 0 '/

The Anode Rule for aqueous electrolysis

Is it a halide solution?

e o

Is it a concentrated HYd"?dee lons.. are
solution? c_llschqrged.
40h ‘Lle," — 2Hy x Oq

Zoh — 2H0 102 the

v

Halide is discharged: e.g.

Yes .
AU = Uqg *+ e~

2_H-l 1 2e-— Hy

40” = Ll.{,, —_ 1*120" O2
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The rules for Do/ alaaiehE Ul fily RSOIVEIGERCOM 58

Electrolyte Example | Electrodes | Cathode reaction Anode reaction
Molten salt | PbBr, (1) | Inert (1) | Pb*+ 2e" —»Pb(1) 281 - 2¢° — Brag)
Aqueous salt | NaCly™ | Inert 2H"(oq) + 26~ Hag(2) | 2CI" - 26" —> Clag(3) 5
solution CuSOupq | Tnert Cu?(oq) + 26" ——p Cugy) | 4OH - 4" —>2H200 * T2ta)
Aqueous acid | HCUw™ [ Inert 2H'(oq) + 26— Hyg) | 2CI" - 26" —> Clatg)

ek | i 90 | Thent 2H'(oq) + 26— Haq | 40H - 4e” —>2H200 * Ozt |
Aqueeus NOOH(N) Inert ZH’(N] + 2g—p Hz(!) 40H - 4e” _’ZHZOU) 2. 02@)
alkali
Aqueous salt | CuSOu(y) | Copper Cu'(oq) + 26— Cugg) | Cuigg - 26" — Cu”"(a(5)
solution (active) (4)

1. Inert Electrodes do not take part in the electrolysis reactions - they simply
carry the current into and out of the electrolyte.

2. If the metal ion from the salt is below hydrogen in the metal reactivity
series, then the metal is discharged at the cathode. (Exception is Zn, which
is discharged although it's above H; in the reactivity series.) Otherwise,
Hydrogen is discharged from the water.

3. If the non-metal ion from the salt is a halide (F, CI°, Br', I'), then the
Halogen is formed at the anode. Otherwise, Oxygen is formed from the
hydroxide ions.

4. Active electrodes take part in the electrolysis reactions. (See electrolytic
refining later.)

5. The anode, which is made of the same metal as the cation in the salf,
dissolves as the electrolysis proceeds. The net result is the transfer of '
metal from the anode to the cathode. This is used in electroplating and
electrolytic refining. (See later notes).

*These solutions must be concentrated in order for Clyg) to be evolved at the
anode, otherwise, Oz(g) may be evolved instead (from the discharge of OH" ions).
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T T-Mdnufacture of Aluminium (by Electrolysis)
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NB: Pure aluminium - oxide melts at 2000°C. Dissolving it in molten cryolite
(NasAlFs) cuts costs by lowering the melting point to around 950-1000°C.

Cathode , Anode
3+ -
AP+ 3e Al (V) 20°0y -  4e —— 043"

The Oz produced at the anode reacts with the carbon anode to form COz
which means that the anode needs to be replaced frequently. w‘;}"ﬁ ———
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(The brine cell or membrane cell. Brine is concentrated aqueous sodium chloride.)

(The diaphragm stops chlorine from passing through.)yvhlc wlarrg Te s treadler pew Ficle

bows WY 3wl €Y HY, Na'
. Cathode Anode
2H + 2" — ”-;_.. . . 7¢0 -2 —>d,
Uses of chlorine _ : _—
s Setaing 0 drinti oy wales
> Bleach B e
: . G SWwimmn

> Manufacture of plastics e.g. PVC ? K‘“"@ i) Paals.
Uses of hydrogen __ Sewwas o hydegfn: ,

> Fuel @ weavkon 4 rahal Yend ‘w{Th ﬁc“"f

> Manufacture of ammonia B eledvoysis o C{ lorice hew

> Manufacture of margarine
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Th¢ Spoon or the key is the cathode and it should be clean from dirt/grease
(which would act as a barrier preventing the silver or copper from sticking
properly to the object). The object could also be rotated ,to ensure an even

C . 'ﬂ%u,l&'r Y.

hoose o muked nitvale G\ wiow and.

Cations are attracted to the cathode where they gain electronsare discharged as
metal. At the anode (+ve) metal atoms become cations and go into solu‘fionf,
replacing metal ions that are being discharged at the cathode.

coating.

Cathode Anode
KEY: Cu' A2 =30 (w -2 G
SPOON: Ao’ veo = Aq Ao -~ = Ag'
v v J U

To electroplate an object with a metal X

> The object is used as the cathode ’
> Metal X is used as the anode
> A solution of a compound of X us used as the electrolyte. Gagsuublg wﬂmkat)_

Uses of electroplating

> To protect objects from rusting/corrosion by electroplating with an
unreactive metal.
> To give an attractive, shiny finish, e.g. chromium plating on the car bumpers.
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