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el ctrochemistry: Electrolysis & Simple Cell (Part 1)
a T —
ing Objectives
Learning Objectives ectricity by an ionic compound (an electrolyte), when mojte

s as the conduction of el'
he decomposl
for the exis
t and the electrode products, the electrolysis of molten sogj,

ion of the electrolyte '
L held in a lattice when solid but

« describe electrolysi
tence of ions which are

dissolved in water, leading to t

« describe electrolysis as evidence .
are free to move when molten or in solution

« describe, in terms of mobility of ions presen
chloride, using inert electrodes '
« predict the likely products of the electrolysis of a molten binary compound
« apply the idea of selective discharge based on
(i) cations: linked to the reactivity series ) . ;
(ii) anions: halides, hydroxides and sulfates (e.g. copper(Il) sulfate &‘ dilute sodium (z:jliour:g?hlorid
(iii) concentration effects (as in the electrolysis of concentrated and dilute aqueous s e) (us

inert electrodes) _
(iv) effect of electrode (copper electrode vs carbon electrodes in electrol

« predict the likely products of the electrolysis of an aqueous electrolyte, g et
e construct ionic equations for the reactions occurring at the electrodes during the electrolysis, given relevant

ysis of copper(II) sulfate solutior,
iven relevant information

information
» describe the electrolysis of aqueous copper(II) sulfate with copper electrodes as a means of purifying coppe

° descrfbe the electroplating of metals, e.g. copper plating, and state one use of electroplating
» describe the production of electrical energy from simple cells (i.e. two electrodes in an electrolyte) linked tc

the rgactivity series and redox reactions (in terms of electron transfer)
e describe hydrogen, derived from water or hydrocarbons, as a potential fuel, reacting with oxygen to generate

electricity directly in a fuel cell (details of the construction and operation of a fuel cell are not required).

1 CONDUCTORS OF ELECTRICITY

Recall that the following substances can conduct electricity:

e All metals, alloys and graphite conduct electricity.
All ionic compounds conduct electricity when molten or in aqueous solutions.

®
Some covalent substances which dissolve and ionise in water (e.g. acids: HC/ H2SOq, etc.)

Substances Arrangement of particles Particles that conduct electricity

positive ions in a ‘sea’ of free-moving free-moving valence electrons
valence electrons

Metals

Graphite | only three out of four valence electrons free-moving valence electrons
per carbon atom are used in covalent
bonding, the remaining valence electron
becomes free-moving

conigzlfnds ﬁggﬁ"teo'gez";‘: ”begati;/ely ch?rged ions | free-moving ions (when compound is
stron e i . .
i attractior): g electrostatic | molten or in aqueous solution)

Chemistry / Electrochemistry Part 1
D1




~ -

yTIC CELL he battery, the electrodes, and an electrolyte.

sists of t ; I
ic cell con lectrolytic cell:
rO')’t'C ws an elé
n elect pelow sho

The diagram + 'I "
Direction of flow of electrons is
_Ef_a_t_t_er_J from anode to cathode

clectrolyte \ 4 |- (| cathode(-)
£ g molten ionic compound, A" +e .y A
A*B @, > (reduction)
o 4,,0 electrodes
O - positive ion, A < e
@ - negative ion, B (H)—> <~O Anode(+)
O-LO»L B —B+e
L J (oxidation)
21 BATTERY & ELECTRODES
The battery acts as an-electron p@p’, drawing electrons away from the electrode which
becomes positively charged. Electrons are supplied to the electrode which becomes
negatively charged.
An electrode is a conductor made up of a rod or plate (i.e. graphite/platinum) in which electrons
enter or leave the electrolyte.
There are two types of electrodes: Cathode and Anode
~_ Cathode (-) _Anode (+))
(negative electrode) (positive electrode)
negati_ve elect_rode that is connected to the positive electrode that is connected to the
hegative terminal of the battery. Positive terminal of the battery
electrons ENTER electrolyte electrons LEAVE electrolyte
gt?rt;%fgsd (positi_vely charged ions) are | Anions (negatively charged ions) are attracted
o €d and migrate to the cathode where | and migrate to the anode where they lose their
Y gain electrons from the cathode electrons to the anode
2.2 ELECTROLYTES

An electrolyte is ?
) ac ; , . =
with its decom osmompound which when molten or in agueous solution, conducts electricity
==2Mposition at the electrodes. Examples: acids, bases, salts

; Weak and stron electrolytes:

Weak electrolytes Strong electrolytes

Weak acids and alkalis: Strong acids and alkalis, salt
Athan°'° acid CHsCOOH(aq) | solutions:

dueous ammonia NHa(aq) ~ | Dilute sulfuric acid H2S0«(aq)
Dilute hydrochloric acid HC/(aq)
Aqueous sodium hydroxide NaOH(aq)
Aqueous copper(Il) sulfate CuSOs(aq)
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ELECTROLYSIS
G ELECTROLYSIS

HAPPENS DURIN
a compound (electrolyte), by passin
9 electy

al decomposition of i
n molten or in aqueous solution.

3.1 WHAT
s the chemic

Electrolysis i
ound, whe

through the comp

ent in the extern
des become posit

hed on,
anode) and negatively charged (cathog
Q).

al circuit i switc

ively charged (
, 1

('?:eﬂions) migrate to the tathode,

migrate to the anode

uction at the cathode, while

ctrons and undergo red
trons and undergo oxidation at the anode.

When the curt
the electro

yte, positive ions,

in the electrol
ons (anions)

while the negative [

the cations ain ele
the anions lose elec

These ions are said to be discharged at the electrodes.
yno \onger havt thargel
/ molecvles

\3\1 pLamLd newtral M\\W\S
ELECTROLYSIS OF MOLTEN BINARY ELECTROLYTE

When a molten ionic com *bi
: pound (*binary electrolyte is ele
the cathode, while the non-metal is produced aty’;[he)e anod?o'ysed’ themetal Is produced a

3.2

(Note: a *bi i
inary compound is a compound containing only two elements)

=yt

Example 1: Molten sodium chloride, NaC/

lons present in electrolyte: Na*, C/-

ammeter
to show
current
flowing

At Anode (oxidati
(oxidation): carbon rods
2CH(1) - Ciy(g) + 2¢ - adlies ) 5
porcelain erucibly At Cathode (reduction
\\ molten sodium chioriga __ \ Na*(l) + e — Na(l
Clay triangle u




[_/— Reaction at ANODE
(Oxidation)

Reaction = tion) —— |
/(5«&”/'J ol & : .
I )migrate / move t(:hlorléisetfgzr(]zzlgns) migrate / move
. ations owar :
) Sodium 't(;gsc(acthode.
City f towards here they Chloride ions are discharged where they lose
| arged W electrons to form chlorine gas.

Sodium ioNs arti %%,%)%Em metal.
o trons B .
: ggl’ﬂ’@!gg/

“ If equation:

i 2CI{1) — Cly(g) + 2e

"‘ Na'(l)+e— Na(l
| Observation:
Effervescence of pale greenish yellow,

“ rvation: \
;t')j: lobules of molten sodium are
( found floating on the surface of electrolyte. pungent gas

At cathode: Na*(l) + e — Na(l)
Atanode:  2CI(l) — Clx(g) + 2e

2Na*(l) + 2CFH(I)— 2Na(l) + Clx(g)
2NaC/(l)— 2Na(l) + Clx(q)

|
|
|
|

Half equation:

- (1) multiply by 2
-(2)

Overall reaction:

Part | Notes - Quick Check 1:

(1) In the set-up shown, molten lead(II) bromide is electrolysed.

flow

Indicate the flow of My battery
electrons with an arrow
g I ; ] -

A, ammeter to show
< current flowing

l

graphite electrodes

At g de:
28{“’3"1 t 2(1

molten lead(I) bromige porcelain
M (h‘ de crucible
t
400 589y |
clay triangle
tripod

lons present ;
nti
v N electrolyte. Ph?? By -



o [100)

" Reaction at ANODE

Reaction at CATHODE (Oxidation)
(Reduction) e Bﬁ“\
TRAL T R KOl oquation 227tV 2 Pry 12 e | )
(i) Half equation _~Z——— - . \
. & ocour at the (il) What type of reactions occur at g, l
ons = anode? _Midatv e |
- 4

| (iiy what type Of reacti
| cathode? _ReauehibN———
; iii) What you would see arou

[ iment, shiny . ;
| (iil) At the end of the experiin during the electrolysis?

| silvery globules Was found in the remaining
| jead(11) bromide. ’Vﬂ_"[__/ EFRW‘(’/junw - W\\W\A Un

| Suggest its identity

R
T8 2 Ph ) 1 By ]

Overall reaction:

(2) Predict the products formed at the cathode and the anode. Write half equatio 3
electrodes. NS atthe
Product . . Prod
Molten Electrolyte at Half equation (with state atuct Half equation (w;
e symbols) at cathode bt symbol N (With statg
Sodium iodide . o= ®) at anode
Nal(l) Noo [Na te=Na I, 172 I+t
4
Lead(1I) oxide
PbO(l) p 8=
b Mt + 8¢9 ph 0, 0% > 0,2
Calci i 2
um chloride
CaCn(l 21t -
) (' + ae 3¢ TR LR L
v
S
elf Check Exercise for Part 1 not
es:
Attempt this '
self-c ’
httos://forms gle ohet_:k using the link or Q
€2vigpz25Hdxf R to answer th
T Using a tic o wd € questions: 6
i ]gratoh§how the substanc - {
Ih dp - es that can conduct electrici
. ] ydrogen chloride g e,
! mQOIteous: Sodium chiorig
e
e [ si °" Magnesium jo;
"Ver chiorige lodide

* [~/ Jethang
o [\/ ]SUlfUric acig
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o the correct part

cles which help conduct current in the named substance.

./ ' to indicat — e —————————— ,
Use J'toin - “~free- free-moving positive ions free-moving
o : i 2Nnce e- i i
o particles moving valence | and free-moving cations and
—— ions electrons valence anions
T— electrons
\named substanc® = [T v
| s - - R S—— e i )
"metal e - v
1/ - i :‘ sl ] NS D
graphite e b
aqueous copper(iljchiloride |
| ‘_/_,/"T'Mﬂ_’ ;
“often potassium chioride '

Use 'V ' to indicate the statement(s)

]it is a conductor electricity

]itis positively charged
] electrons leave the cathode and enter the electrolyte

V ] cations are attracted to the cathode
] reduction occurs here

Use W ‘ to indicate the statement(s) is/are true of an electrolyte.

] it is a conductor electricity

v ]it decompose
] it contain free-moving ions or electrons

o I
o |
[

Use 'V ‘ to classify the following into strong, weak or non-electrolyte.

that is/are true of the cathode in an electrolytic cell.

non-electrolyte | weak electrolyte

strong electrolyte

ethanoic acid

sulfuric acid

aqueous sodium chloride

v

agqueous ammonia
L

glucose solution

L ,

v

Molte‘z\? magnesium chloride is electrolysed.
Se V' to show the option(s) is / are not correct,

I Magnesium chioride must b -
. e heated co
] Magnesium ions are reduced. minueksly 1o

v ] Chloride ions mi
migrate to the
] Magnesium ions an alhads.

[

[

[ ]1The half equaf i

[ alt equation at the anode js 2C/(l) — Clx(g) + 2e
[

decompose it.

d chloride ions are found in the electrolyte.
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eloctrochemistry: eloctrolysis & Simple Cell (Part )
octr

SIS OF AQUEOUS ELECTROLYTE ‘

LECTROLY ) )
33 E en electrolytes, there are only two kinds of ions,

Recall that in the electrolysis of molt

; ions: from t
in aqueous solutions, there are four kinds of ions; two come from the electrolyt
However, in aq '

and two come from the water.

cations and anions from the electrolyte, there are also 3 |qy,

Besides the free-moving () and hydroxide ions, OH-(aq) from water. r

concentration of hydrogen ions,

Water undergoes self-ionisation and hence produces a low concentration of H* and OH-jong |
in solution: H,O(l) = H'(aq) + OH (aq) |

Both the cations from the electrolyte and the hydrogen ions from water would be attracted to
the cathode.

Both the anions from the electrolyte and the hydroxide ions from water would be attracted to
the anode.

State the ions produced by the following electrolytes:

One type of ion will be preferentially discharged at each electrode.

The type of ion selected to be discharged, and hence the product(s)
depend on the following factors:

L Electrolyte Positive ion(s) present Negative ion(s) present
Dilute + Cr(aq)
[ hydrochloric acid H'(aq) OH-(aq)
; ; Na*(aq)
Sodium hydroxide &
solution H*(aq) OH-(aq) )i
3 N S L I \,
Copper(1l) sulfate _ Cu*(aq) S04*(aq) f E
solution H*(aq) OH-(aq) ;

formed at each electrode

FACTORS AFFECTING THE DISCHARGE OF |ONS DURING ELECTROLYSIS

(i) Relative position of ions in the electrochemical series
(i) Relative concentration of ions

(iii) Nature of electrode

Chemistry/ Electrochemistry / Part 2 ) c




sition of ionsS in the electrochemical series

. e o
g BeeteRETT

) Anions
cations F
K+ + SO42-
*ca’ Ease of - iy e
+ NOs  gischor d
Nap discharge Cr 3¢
'\:\% increases Br
n* I

Fe* OH'
Pb2

H* ,

Cu” il chand i bc\m& oiScharged

Ag- 9T
Au”

If all the other factors (concentration and nature of electrode) remain constant, the
ions lower in the series will be discharged in preference to those above it.

i.e. An ion lower in the electrochemical series will show a greater tendency
to be discharged.

. Sulfate ions and nitrate ions are usually not discharged.

« Indilute aqueous halide solution, hydroxide ions are preferentially discharged at the
anode to chloride, bromide and iodide ions.

+ Hydroxide ions from water are discharged tQ form oxygen and water.

Equation for discharge of hydroxide ions, C g 404 ‘(M!) - 2H, 00 + qu‘) He

Example 1: Electrolysis of Dilute Sulfuric Acid (using Inert Electrodes)

lons from electrolyte: H*(aq), SO42(aq) and OH+(aq)

oxygen 2‘% () )-%

" 1 hydrogen

40H1(aq) - 0,(g) + 2H,0(l) + 4e

2H*(aq) + 2e — H2(9)
anode

cathode

dilute
sulfuric acid

Chemistry / Electrochemistry / Part 2 -



Reaction at ANODE
ction at CATHODE (Oxidation) ) |
Rea (Reducﬂon) i) \;‘
ate | and hydroxide 10ns are attr ;

the cathode. Sulfate_lons and NyCr< Atracteq |

Hydrogen jons are attracted to the t the anode. |

Hydrogen ions are

~—trane to produce
electrons to P

Hydroxide ions are preferentiauy disCharged
as they lose electron.s more readily (lower i the
electrochemical Series than sulfate ions) 1 |
produce water and oxygen gas.

discharged where they gain
ﬁ'_ﬁ;aﬂrogen gas.

Half equation:

Half equation:
2H*(aq) + 2e — Hz(a) 40H-(aq) — O2(q) + 2H,0(1) + 4e
aq —> 112
Observation: Observation:
Effervescence of colourless, odourless gas. Effervescence of colourless, odourless gas.
: ¥ +4e > 2H half equation 1
At the cathode: 4H*(aq) 2(9) e

At the anode: 40H(aq) > 2H0 () + Oz(g) + 4e

4H*(aq) + 40H(aq) > 2Hy(g) + 2H:0(/) + O2(g)
4H,0() > 2Ha(g) + 2H20(/) + O2(9)

half equations 1+2

2H,0(l) 2 2H»(g) + O»(q)

Overall equation:

Thus, the electrolytic products are 2 moles of hydrogen at the cathode and 1 mole of oxygen at the anode
for every 2 moles of water electrolysed.

Based on Avogadro’s Law:
Equal volume of gases at same temperature and pressure contain the same number of gas particles.

Thus, we can also say that the electrolytic products are 2 volumes of hydrogen at the cathode and
1 volume of oxygen at the anode.

Changes in the solution:
During the electrolysis, only water decomposes. The number of moles of sulfuric acid remains

unchanged at the end of the electrolysis.
Due to the removal of water molecules, the concentration of sulfuric acid solution increases.



i jons
ncentratlon of ion

t
nly When
influenc® Lic e cth_mponant is t

ion tends to promote its discharge.

ni N ' |

usually secondary to that of the position of ions in the electrochemical
he two ‘rival’ ions are closely positioned in the series. The further

he effect of concentration.

example W/
X

nggm[gggg Sodium Chloride Solution (using Inert Electrodes)

cl{aq), H'(aq), OH(ad)

. + .
ns from electrolyte: Na‘(aa)
0 Na‘(ad .

chlorine —

concentrated
sodium chloride
solution

2cr(aq) > Cll(g) +2€ Manode

e_:,

i hydrogen

~+| cathode Nalaq), }- 2H*(aq) + 2e” > Hy(g)
|

i)

[ Reaction at CATHODE
(Reduction)

Reaction at ANODE
(Oxidation)

Sodium ions and hydrogen ions are attracted to
the cathode. ’

Hydrogen_ions are preferentially discharged
as they gain electrons more readily (lower in the
electrochemical series than sodium ions) to

produce hydrogen gas.

Half equation:
2H(aq) + 2e- 5 Hy(q)

Observation:

Effervescence of colourless, odourless gas

Chloride ions and hydroxide ions are attracted to

the anode.

Chloride ions are preferentially discharged
due to their much higher concentration, and they

lose electrons to produce chlorine gas.

Half equation: 2C/(aq) = Ch(q) + 2e

Observation:

Effervescence of pale
pungent gas

greenish yellow

At cathode:
Overall equation:
The electrolyti :

rolytic products - 1 volume of

Changes in the solution:
The concentration
the electrodes, whil

Thus, the sodium chlo
PH of the solution increases,

Chemistry / Electrochemistry / Part 2

2H'(aq) + 2e" > Hy(g)

ride solutj :
olution gradually becomes sodium hydroxide solution (alkaline

At anode: 2CI({aq) = Ch(q) + 2e

hydrogen at the cathode and 1 volume of chlorine at the anode.

of h i i
e thﬁfm and chloride ions decreases as they are being discharged at
=——lons and hydroxide ions remain in the solution.

) where

D10



Part 2 Notes - Qui

The following electrolvtes

ck Check 1

are electrolysed using

inert electrodes. Complete the table hajogy,

Metbon A AR p v
ﬂi\f\h,ig N Y

YW @4 1Y . . ;
o4 4 AIf equation at anode Product Half equation zt .
Electrolytes i‘}v,.(.,duci Half equation at anodc . ON 8 iy,
' - cathode
il anode : (IH
\ \ ;;‘.';\'\ 1 .
| T:?‘::noxide idﬁ” 05 2 J‘Dn t 6¢ W )( ffﬂ"Af), y,
e el N IR D A
a N P “v e ————— S ) ‘
T LY, | you AU, om0 4 ¥ ‘ |
dilute aqueous ; m‘ﬁ‘;ﬂg‘% } % Wt i
. = X 4
magnesium T 2 2007+ 28
chloride ((y b (¢ H)/
Mals
ottt || e | ¥ [
potassium - A ” /,/’ v
chloride C(x«_ (¢ 3?_3(& 1 3¢ ¥
' K(f‘o \;‘"’ & t ‘k. < 3 gxz -1 l/‘au y/';
‘aqueo‘;:s; . f IRt tde 9 H/
zinc sulfate AN ) b
g8 | e A
:‘ = t S /
W W0 ;)/)]OH W0 10, Heb_ ” .
; molten Wy Wl e il Putaglivn ey sk
| n ) ¢
} pota.ssnum &ﬁ' — H
| hydride, KH H,0 TR 3“,0 th, 14¢ 14
;
_i‘
|
' concentrated ':
| - ; f :“
| aqueous caesium | ¥ LI, 317+ 7’3/ et Cet te o Cs X |
| iodide 1 ¢ !
: $ s
| sl lay) 4 —_ |
; -$ Y Mt 42p M, |
Ce OH C S !K\

pH JFsolubiyg
ey -

(,ﬁ Wi B ey IM g "-‘%MM'MJ_



inum of graphite) do not react in the electrolysis and thus do not take part

Jectr i
merfaialectrolytic reaction | .
g trodes (made of metals) take part in the electrolysis and affect the discharge of ions

ectr .

ole 3@): Mr(m Sulfate Solution (using Inert Electrodes)
trom electrolyte: ,,__(_9)-\————(——(;“2‘ aq), SO+ (ad), H'(aq) and OH(aq)
= =

S04*(aq)
s o carbon

anode

7 bubbles of
. oxygen
gas

Exam

copper(ll) sulfate

solution
- — deposit
]f Reaction at CATHODE Reaction at ANODE
i (Reduction) (Oxidation)

Sulfate ions and hydroxide ions are attracted to
the anode.

Copper(Il) ions and hydrogen jons are attracted
to the cathode.

Hydroxide ions are preferentially discharged
as they lose electrons more readily (lower in
the electrochemical series than sulfate jons) to

produce oxygen gas and water.
HOH"cag) 3 I, 0c0 thypt e

Copper(ll) ions are preferentially discharged
as they gain_electrons more readily (lower in
the electrochemical series than hydrogen ions) to

produce copper metal.
24
Half equation: Cu (WI)*‘;Q S Half equation:

Observation: Effervescence of colourless,
odourless gas.

Observation: Red-brown solid deposited at
the cathode.

At the cathode: o cag) T4 2 dlu0) equation 1
equation 2

At the anode: 4OY-cag) 2 Vs L T OTLTIOAIC
- — Wl
Overall equation: J(/V\H + 101 (M) -‘sﬂd;m I ueg TU )1 f}H) ({)

gas liberated at the

Z:z:ethe electrolytic products are copper deposits at the cathode and oxygen

Changes in the solution:
as they aré being discharged at the

Z:aitﬁg::r\‘:/ﬁ:'o?hc’f copper(II) ions and hydroxide ions decreases .
Thus, the bl € the hydrogen ions and sulfate ions remain in the solution. 11y fons,

» (he blue colour of the solution slowly fades / disappears due to loss of copper( c68
copper(Il) sulfate solution gradually becomes sulfuric acid, where pH of the solution decreas==

and the

D12
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(b): Electrol sis of Copper(ll Sulfate Solution (using Copper E'ic_t_rp_@
Example 3(b):

lons from electr

copper
cathode\

™~

coppet
deposited

copper(ll) sulfate

olyte: Cu**(aq), S04*(aq), H'(aq) and OH(aq) ‘

direction of |
electron flow

r
| copper
anode

solution
"
™\
\\ -
Reaction at CATHODE Reactiop at.ANODE
(Reduction) (Oxidation)

Copper(Il) ions and hydrogen ions are attracted to
the cathode.

Copper(Il) ions. are preferentially discharged
as they gain electrons more readily (lower in the

Sulfate ions and hydroxide ions are attracted to the

anode.

Both sulfate ions and hydroxide ions are not
discharged, instead the copper anode, being z

electrochemical series than hydrogen ions) to

reactive anode, itself loses electrons. Thus, the
produce copper metal

copper in the anode undergoes oxidation to
produce copper(Il) ions.

Half equation:

Cu?(aq) + 2e" > Cu(s) Half equation:
L -
Cutst Cuey) 3 Oy (apole
Observation: '
A red-brown/pink solid is deposited on the | Observation:

copper cathode which becomes bigger in size as
the copper metal formed is deposited on it.

The copper anode becomes smaller in size ast
forms copper(I1) ions which go into the solution.
(ngrall, the decrease in mass of anode equals
the increase in mass of cathode.)

Changes in the solution:
Although copper(Il) ions are discharged at the cathode, for each copper(Il) ion discharged, one is

formed at the anode which goes into the solution.

Thus, the blue colour of the solution remains the same, and the concentration of the copper(Il)

sulfate solution does not change.

chemiStl’Y/ Part 2 D13
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Emctrolysls of aqueous copper(ll) sulfate
' [cm«nparlng Examples 3(a) and 3(b)]

Example 3(a)

; Example 3
got-up Using gmphlte electrodes Ple 3(b)

Using copper electrodes

Equation:

_uen 2 Gy 9t

Equation:

3 and
oot vatanode | gy (ag) 0319 0w e

Observations:

(pper anadt demom o T e

Observations:
orvesendt v} alowrle, odewdts

¥

“Equation and 4 Equation: Equation:

observation at Cu?*(aq) + 2e — Cu(s) Cu?'(aq) + 2e — Cu(s)

cathode
Observations: Observations:
Reddish brown solid deposited Reddish brown solid deposited
on cathode on cathode. Copper cathode

Inpeijed in size.

_ No VLO&\(’/{:"L e m;);)u W)
mlfef” polefirn

Y i
changes to electrolyte Blue H“‘W)SV“ML d“l”}{\\““ p"‘l“d
(if any) ‘ ;

D14



INDUSTRIAL APPLICATIONS OF ELECTROLYSIS
dustrial applications of electrolysis are the following:

4
Two of the important in

(i) Refining/Purification of Copper ) )
(11) Sulfate Solution using Copper Electrodes
— >

-~ Electrolysis of Copper

copper(1l) \
sulfate solution
(electrolyte) thickerfsheot .
ure copper —- ol pure
P csﬁge( copper
(cathode)
impurities -/
block of —} _ from anode i .
impure copper e = |
(anode)
_ Anode sjyq
At the cathode: (impurities St
n

Cu?*(aq) + 2e — Cu(s) precious Metals)

The reactions at the cathode and anod imi

) ons e are similar to Example 3(b

refining/purification proc ' i (b), except .

b i t

el process, pure copper is made the cathode, while impure copper ish?:;a‘(? the

anode € the

gharges in the solution:

Imilar to Example 3(b), t i

chande. ple 3(b), the blue colour and the concentration of copper(ll) sulfate solutjon d '=

change sy |

Note: \
1

The decrease in ma

: Ss of anode equals the incr '

impuriti Live ot - ease in mass of cath :

purities, assuming impurities consist of only metals less reaCtiveOg:9 - rir) ’gs the mass of th, |
opper. X

collect below the anode ang remain in
\

As the anode decreases in size, the impurities fall off to
d. (form anode sludge) 'f

Kt : i :
ution. These impurities contain valuable silver and qol

The copper produced in thi ;

' this process is 99.9%

wir . ; 9% pure. There

es and cables, water pipes and in alloys such as brass aanrg gs;\;feuses of copper, including electrical



) +

(ii) Electroplating

A is.
Electroplating is the coating of the surface of an object with a thin layer of a metal by electrolys

In electroplating an object:
- the object to be plated is made the cathode
- a piece of the metal for electroplating the ob

object is made the anode,

- an aqueous solution of a compound of the plating metal is used as the alectrolyte.

Note: the cathode can be a non-electrical conductor covered with graphite paste or a thin layer of

powdered graphite.

The thickness of the plating may be controlled by adjusting the magnitude of the current and the time

duration of the process.

Example 1: Copper Plating

In copper plating an object:
- the cathode is object to be plated (e.q. cup)

- the anode (reactive) is the plating metal (e.q. copper)

- the electrolyte can be copper(II) sulfate solution /

copper(II) nitrate solution / copper(II) chloride solution

IR s —

Aimtrates argsoivble,

L (it v Y (e

lons from electrolyte: Cu?*(aq), SO4*(aq), H*(aq) and OH*(aq)

Reaction at CATHODE (Object to be Plated) Reaction at ANODE (Pure Copper) \
(Reduction) (Oxidation)
Sulfate ions and hydroxide ions are attracted to

Copper(Il) ions and hydrogen ions are attracted to the
cathode.

Copper(Il) ions are preferentially discharged as
they gain electrons more readily (lower in the
electrochemical series than hydrogen ions) to

produce copper metal.

Half equation: Cu**(aq) + 2e- = Cu(s)

Observation:

A red-brown/pink solid is deposited on the cathode

which is the object as the copper metal formed is
deposited on it.

the anode.

Both sulfate ions and hydroxide ions are not

discharged, instead the copper anode, being a
reactive anode, itself loses electrons. Thus, the

copper atoms in the anode undergo oxidation
to produce copper(Il) ions.

Half equation: Cu(s) = Cu?*'(aq) + 2e"

Observation:
The copper anode becomes smaller in size as

it forms copper(Il) ions which go into the
solution.

Changes in the solution:

Although copper(Il) ions are discharged at the cathode, for each copper(II) ion discharged, one is formed

at the anode which goes into the solution.

Thus, the blue colour of the solution, and the concentra

unchanged.

Chemistry / Electrochemistry / Part 2

tion of copper(Il) sulfate solution remain

D16



mcaQ Self-

1

2

3

gram shows an experiment to electrolyso load(ir)

[ &
\

The dia

Why does the bulb only glow when the lead(ll) bromide

Solid lead(1l) bromide does not contain ions.
lons can only m
lons are only formed

Electrons flow through molten lead(11) bromide.

OO m>»

bromide.
e through molten lead(ll) :
- when the lead(Il) bromide melts.

check Exercise for Part 1 & Part 2 notes: Electrolyg),

hmmhlu [REATEY

) LOF4Y
LSTSTS Ol
) ‘\h"h,.

“/ lead(I1) bromide

is meltecd?

(B)

The diagram shows the results of electrolysing L. Which cannot be the identity of the eiemro\%e
¢

- connected to
battery

L?
==
connected to -
battery
L—
A aqueous copper(II) sulfate
B dilute sulfuric acid
C aqueous hydrochloric acid
D dilute aqueous sodium chloride

The diagram shows the electrolysis of concentrated a
sodium chloride.

(A

queous sodium chloride and of molten

concentrated aqueous ..
sodium chloride

What occurs at both electrolytes?

A
B
C
D

sodium jons are reduced
hydrqgen ions are reduced
chlorine js oxidised
chloride ions are oxidised

molten
sodium chloride

h)



4 The electrolyte used j
: d sedin the m :
The N ' Ihroe ce) n.
Switch is closeq, and the mﬂ‘”":: t”('xl,' Y “,'", Z)below is 2 mol/dm’ copper(il) sulfate S:‘suet:so
¢ oloctio) p sarved as clactrolysis progre &
copper . |.|.]. rolyte s “‘“‘,", vod ’,‘ clactrolysis prog
electrode d \
' platinum .
electrode % " ) ‘ O A LS
In which of the ¢ i Y z
'€ cells will the plye colour of the electrc )
A Xand Y . > electrolyte fade? ‘ '
C Yand z Xand z
{ i D X, Y and z ()
node, cathode, and electrolyte to ele’ctrop!ate silver

Which is the correct Combination of g
coating on a commemorative coin?

electrolyte j ( A)
aqueous silver nitrate v ’l Jé
silver chloride ¥ | ; .
aqueous silver nitrate
silver chloride ‘

| Explanaton
, PbBr;z has a giant ionic structure.

Lead(IT) bromide ‘
In the solid state, the oppositely charged ions, Pb2* and Br are held at fixed position by
strong electrostatic forces of attraction. ‘-
Whep melted, the strong electrostatic forces of attraction are overcome, oppositely charged
ions in the molten state are free to move to conduct electricity

products at cathode and anode are both gases
|\

[ No. | Answers
1 B

2 A .
[ ratio of gas formed at anode: cathode is 1:2
ions present ¥ .
| | Atanode(+) [ At cathode() halFequations \ \
A SO42 Cu?* Atanode: | 40H-(aq) — 2H,0 () + O (@) + 4e | \
OH- H* At cathode: | Cu?*(aq) +2e — Cu(s) \
e T
C SOz At anode: 40H-(aq) — 2H,0 (1) + O (g) + 4e
] H* — At cathode: 2H*(aq) +2e — Ha(q)
OH
D Cr Na*
OH- H* _
At both anodes: Chloride ions loses electrons (oxidised) and are discharged to form j
2CF— ChL+ 2e

—_— ]

o

chlorine gas. \
' i 2* discharged at the cathode,
de(+) is made from reactive copper, for each Qu :
’ i cl)fnaemi)s fgrr)ned at the anode that goes to the solution. This means blue colour of

the anode .

atY and Z electrolyte does not fade. . _
are made [e |f anod<§+)is made from inert platinum, OH- dlscha_rged at anodetts g\\c/; ;);yt?:t?org‘a;
of inert Pt and water and Cu?* discharged at the cathode. This means that the tche T
metal) Cu?* ions in the electrolyte will decrease (Cu?* + 2e — Cu), causing

to fade.
5 B For electroplating: . _ .
Anode(reactive metal — plating snlver metal)+. Ag(s) — Ag*(aq)*+ e
Cathode (object to be plated e.g. coin): Ag (aq)* e — Ag(s)

Electrolyte: salt solution containing Ag+ ions: AgNOs(aq)

mY




ﬁtwcﬂamlshy: Electrolygig &
| ______f__ﬁ Simpee @op, (o
[

5 SIMPLE CELLS
is ¢

| / electric cell
electrolyte.

A simple cel :
of two electrodes plncod inan
es are usually Wﬁl—g and the electrolyte can be sy .
'a l‘eou8 o 4
alt 5,
N,

The two electrod
a dilute acid. etc.
tive electrode is the more reactive metal (higher up in the reactivity seric
IO whicy,
v
g\eg\u&

The nega
electrons more readily.
(lower down in the reactivity series), ,
» Where i, ‘;

he less reactive metal
from the more reactive metal.

om the more reactive metal (negative electrode) to the |
essg re
W

) device which converts chemical energy tg o
’ Hlectric
rcal o
“Nere
YY.L

(;f‘

The positive electrode is t
solution receive electrons

The flow of electrons is always fr
metal (positive electrode).

Example 1:
Electrolyte: dilute sulfuric acid

Electrodes: zinc and copper

voltmetar

metal

- dilute
sulfuric
acid

The zinc j
Inc ions go jntg the solutio
n.

The electr
ons then floy
al
ong the connecting Wire t
0 the ¢co
pper electr
ode.

ull
stry / Electrochemictr, /o -

>



i
. Half equation: 2H'(aq) 4 5q
€ Hy(g)
o
The overall ioni
€ equation of
the reactio
n
%

Example 2:

W

Zinc metal

Electrolyte: co
er(l
Electrodes: zinc ang Ic:::,f:te solution

...

:l nNegative electrode: Zn(s) -~ Zn’*(aq) + 2e
t positive electrode: 2H‘(aq) + 2e » W lg)

—— copper
metal

—+— copper(ll)
sulfate
solution

At the zinc electrode (negative electrode):

The 2N W!’“ MS i the electrode loses electrons and undergoes oxidation toform 21°C 107!

Half equation: ZV\()) = %n”cqq") 4 Z@/

The zinc ions go into the solution.

l

The electrons then flow along the connecting wire to the copper electrode.

At the copper electrode (the ositive electrode):
R oy

The __ (0} \W W) w  gain electrons and undergo reduction to form

Ot (g 1t " 3 )

Half reaction:

The overall ionic equation of the reaction:

Chemistry / Electrochemistry / Part 3
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ic Cells:
Other EleCt'n((:;e“S or simple cells can be made the same Wity
Other electncda of the potential difference (voltage)
The mﬂ% stivity series, that is, tho difference in the
metals in the TearE

Ponds o the

rol;
~LOBLHYiILY of (1 (ke Rosiyg,
Y My, -

Voltmeter reading = 1.1 \'%

(D
l \

Mg
;zctrode electrode 1|

Zn
electrode

CuSO0s (aq)

most reactive metal

l«—— magnesium

zinc v
j magnesium/copper q' q
I iron zinc/copper 0. :
27 voits ironfcopper :
1. tin lead/copper 0.5
opperfcopper 0.0
f lead
: copper
silver

least reactive metal

» What can be deduced about the relative positions of the two metal

s in the reactivity series and the
voltage of the cell?

The further apart the two metals are in the reactivity series, the _art afey
produced. ’

the voltage

What happens when the electrodes are made of the same metal?

No current will flow if both electrodes are made of the same metal. The voltmeter will read () V



1. Which is mos " Simple Celle:

ol up below?

{
zine l
1 Coppet
}

dilute sodium chloride

solution
A The copper electr i
A ode increase in
g P’::e sollu:fon gradually turns blye mass.
€ solution gradually becomes : i
S alkaline.
D  Chilorine is evolved at the copper electr(;de. ( ¢ >

2. Stri ; . :
Ps of copper and zinc were dipped into aqueous copper(Il) sulfate as shown below.

1

/}“K“ 1 r-ﬂ COpper
metal
| |

retad
U im aqueous copper(Il)

T

sulfate solution

Which of the following will not occur?

Zinc loses electrons.
Zinc strip decreases in size.

Pink solid is deposited on the copper strip. &
Electrons flow from copper to zinc in the external circuit. 67

OCOw>»

Which pair of metals, S and T, will produce the lowest voltage when used as electrodes

in a simple cell?

metal Tin a solution

metal S in a solution
of saltof T

of salt of S
Porous barrier \
S T
A iron silver
B lead silver
v magnesium silver
D zinc silver

D24
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The diagram below shows a simple cell.

4. -
(V)
copper — 2 ~silver roq
rod
POrous pot
copper(I) silver nitrate
nitrate solution solution
ERIE}) & Kyt 1 5 g
What would take place in this simple cell?
(e vom
| éieaér;des move from silver to copper.
Il The colour intensity of copper(II) nitrate increases. v
Il Copper acts as the reducing agent. v/ 3
IV The silver electrode becomes thinner y -
copper 18 onidised UG e ghayng
A Iand il only
I and IV only
@/ Il and 11l only C Q)
J Il and IV only

5  Asimple cell was set up as shown.

&

A Greenish-yeMow gas observe

B
& Silvery metal
Coated on the ¢ ‘
D Mg electrode increases in siz: electrode. ( B )



| Explanation
* At the g -
1Ny elog tr

q " ode (y\‘\ R

: [QIXI('!HI(\H 7N e i (:-\H\/h l:ll\:lvutir"), 7N 1n4e4 electrons and undergoes
-1eCtrong \ e
Move along wiy e Lowary o
s coppey

*  Atthe
((\ppl\, (‘l
Ol .
de (positive electrode), hydrogen ions from water in
’ 4 (369 ] . 4

N lﬁ”(

€ aq), gaine

H'( 1.9 h“(‘h‘lllnl\'\ll\ form ¢
2 .M]) + 20 * N (g) 'V“'”’l"" gas |
L (‘.()n(‘l‘lll ¥ , ‘: s08 ! |
ration ¢ |
becomes VOOl jong In electy olyte dec |
( V .“()I.(\ ;‘II(;‘I"]“ [} aecs Case ;"'(l ')(‘"’ ©° (Al)"""“" "("".‘(,

|

. 72in{ih§os el
Ses electrons ative -
e & s (negative electrode: oxidation), electrons move in wire towards
- £INC decreases in size. '
Zn(s) — Zn’*(aq) + 2e-
® Atthe coppe
relect i i
form pi pp |_eCtrode, copper(II) ions in CuSO4(aq) gains electrons and
b pink/reddish brown copper
Cu*(aq) + 2¢ — Cu(s)

ater the

° The .
further apart the two metals are in the reactivity series, the gre

voltage produced.
* Position of the metals in the reactivity series (most to least reactive): Mg, Zn,

Fe, Pb, Ag =>Position of lead is closer to silver in the reactivity series.

I: Electrons move from Ag to Cu. (False)

* Cuis more reactive than Ag. => Cu loses electrons more readily than Ag.

IT: Colour intensity of Cu(NOs)2(aq), blue solution increases. (True)

e Cuis oxidised to form Cu2* ions that goes into the solution: Cu — Cu?* + 2e
Hence, concentration of Cu?* ions in the solution increases

III: Cu is the reducing agent. (True) \
e Cuelectrode becomes smaller => Cu loses electrons to Ag*, reduces Ag* to Ag.

IV: Ag electrode becomes thinner. (False) \
e Electron flow from Cu to Ag ‘\

e Ag* (from silver nitrate solution) gains electrons from Cu to form Ag: Ag"+e — Ag

=> silver electrode increases in size.

Mg is more reactive than Cu

e At Mgelectrode:

Mg loses electrons more readily than Cu.
Mg is oxidised to form Mg?* ions : Mg — Mg2+ + 2e

Mg electrode becomes smaller / decreases in size.

Electron flow from Mg to Cu
At Cu electrode:

H* in water from NaCl(aq) gains electrons to form hydrogen gas:

2H*+2e — Hz

Effervescence of colourless, odourless gas formed at Cu e‘\ectrode.. .
Note that Na* ions are high up in the electrochemical series and will remain as
ions in the solution and will not be discharged.




6 Fuel Cells

i oll i hich reactantg
; hemical cell in w h . (usuan
e A fuel Ce", 'Ssuap:'led to produce electricity directly, Y a fug ang
continuously

The most common exampl
a source of electrical powe

L

e electrode is supplied with a fuel (e.g. h ‘
il C?t'f' ‘ g:sge;cr;c The two electrodes are Immersed
, v _
supplied wi

icals in the fuel cells are continuously replaced
cals
The chemi

diagram below shows the hydrogen-oxygen fuel ce||.
The di

ydr()qr:n) a he ¢
an eloctmlyto.
as they gre

e of a fuel cell is the hydrogen
rin space vehicles.

Used yy,

~oXygen fuel cel] Whicy, .
- .5

8 U,';,:q N
e
Refer to thjs ”;; T~
https://www
v=8xeB_O_

Youtupg .. |
our be ,cr,rn/w:,;,;, 9 |

hydrogen..

e - S

V Ané&é Cathode

. OXygen
Toq air)

Y e Electrolyte | z.- | ¥

284 w\ww 2k ».V\\\\»\\&g&g‘ 28 *

negative electrode positive electrode

* Hydrogen gas is feq into one

form hydrogen ions.

Electrons releaseq

Negative. Electrons then m
the wire giving the

The hydrogen ion
through the ele
positive electrode.

At the negative-electrode (anode):
(oxidation occurs)

Hydrogen gas undergoes oxidation to

make the electrode

electric Current,

s formed which move
Ctrolyte towards the

compartment and oxygen gas into the other-

At the positive electrode (cathode):
(reduction occurs)

Oxygen gas undergoes'reduction
with the hydrogen ions an
were formed at the negative e

by reacting
d electrons that
lectrode.

Oove across Electrons are then removed at t

he electrode,
making the electrode positive.,
Heat ang water produceq
electrode leaves the fuel ce|

at the positive
at this outlet.




e Fuel cells prod
. ¥ uce elect s N
fuel. This is unli ectricity indefinitel » ‘
S sapmiporoid o o corius st
atie > sed up.

e Fuel cells have f
ound uses i
In (zjase you are wondering R:?:;:fp“‘\“"s. satellites and orbiting space stations
inki ' seifically in space? ;
as drinking water for the astronauts in qp"]‘z(:” space? Water produced can be used

c .
° omparing the pros and cons of using hydrogen as a fuel

Disadvantages \

Advantages
“There is no cheap sources of hydrogen
- Obtaining hydrogen from electrolysis

is an expensive process
- Hydrogen is currently obtained from

non-renewable energy sources such
as cracking of petroleum

Combustion of hydrogen prod
u
non-polluting product. s Ces Waieh a

2H2(g) + O2(g)— 2H20(l)

Hydrogen is extremely flammable and ,
explosive. Special precautions must be taken |

in the storage and transport of the gas.

Hydrogen is considered a renewable source
of energy. Hydrogen can be obtained from

the electrolysis of water.

2H,0(l) —2H2(g) + 02(9)

Hydrogen is an efficient source of energy.
When hydrogen burns, it releases more than
twice the amount of energy compared to

many fuels

Hydrogen is also very light and being 2 gas \
require large storage volumes compared o |

other fuels.




