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G‘.ONTOUREDUC ATION VCE Chemistry % Questions? Message +61 440 137 304
Section A: Recap

Learning Objective: [2.2.1] - Find Electrolytic Reactions in Non-Standard Conditions Definition

(Molten & High Concentration)

» High Concentration:

& Chloride ions at concentrations greater than ZG/\I\ concentration become a
[stronger] / [weaker] reductant and [react] / [do not] react in preference to water.

& Sodium ions are concentrations greater than 4.0 M concentration [react] / [do not] react in
preference to water.

» Molten Concentration: (/00}(_/ is not present, and the state of ions is Q‘?UYJB
Learning Objective: [2.2.2] - Identify Features of Electrolytic Cells & Their Purpose Definition
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» Molten electrolyte purpose: a(‘\bﬂ)‘\S}Xd@ MWM@% e’
» Iron at the cathode: WV@&%/Q/

» Other electrolytes (e.g., CaCl,) added: lowerm “P 7

» Barrier within the cell:
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» Products constantly removed:

@ _Lred bw\okm = ot ey &WW@S
@ Ls DW&/\WLL i

» Enclosed container: @'—L’%\J O{OQS/\F?‘-FM'U" N

Definition

& Green Chemistry Pnncmles Regarding Production of Green Hydrogen (PEM & Artificial
Photosynthesis)

» Both PEM electrolyser & artificial photosynthesis involve electrolysis of aC‘C)\L \/\.)Olk/.\

» PEM Electrolyser:

PEM electvolysis
Cuathode - + Anode
Ty ¢ "L
“4'
&
& < 10
Cathode Me!mbmne/ Anode
Cathode Anode
L eyt U=t LRON Oyt it Toghe

G Energy Used: Wm/jﬁm/‘

& Green Chemistry Principle: _( ZZ &Z'Alééu .
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» Artificial Photosynthesis:

Cathode ()

/

“200) - 02(’) + 4’“"("‘) + 4o

G Energy Conversion: _Q,@\af%d%/.\

2“.(“1) + 2¢ - “ZQ)

o
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. v
Sunlight W
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Hal?—e,qyaﬁon: Hal?—eqyaﬁon:

G Green Chemistry Principle: (G W jkjlk / JWS}/\{\ H)/‘W%‘j E,t?g@//\v
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Question 1 Walkthrough.

A solution of aluminium chloride is electrolysed at high concentrations and is compared to when molten

aluminium chloride is electrolysed. 'S — -
—_—
a. Write the half-equations that occur when it is electrolysed at higher concentrations at the:
-
i. Cathode.

Vb DAL Hagrt 20 oy

ii. Anode.

QL cagy> Chayt2

b. Write the half-equations that occur when it is electrolysed at molten at the:

/
i. Negative electrod@“gc’

Al?j(‘(‘(} *ZQ/‘I—BA) VAl

(L7 N\
L>/J)

ii. Positive electrode.

Space for Personal Notes

CH34 [0.13] - Features of Electrolytic Cells - Workshop ‘ 5




G‘.ONTOUREDUC ATION VCE Chemistry % Questions? Message +61 440 137 304
Section B: Warm Up (17 Marks)

INSTRUCTION: 17 Marks. 11 Minutes Writing.

Question 2 (1 mark)

Which statement is true for both a galvanic cell and an electrolytic cell?

>vé Oxidation occurs at the negative electrode. P(O e v AO@)C

74 The anode is negatively charged.

L. The strongest oxidant will react with the weakest reductant.

<E Electrons flow from the anode to the cathode.
/— \

ii.

Question 3 (7 marks)

ii.

PO

Write the half-equation occurring at the positive electrode during the electrolysis of a 1.0 M solution of
NaCl. (1 mark)

(23"20\ — [, —+ @t £ Ue—
(™ <)) o)

Write the half-equation occurring at the positive electrode during the electrolysis of a 10 M solution of
NaCl. (1 mark)

20" — dy+ A%
(o4, (73

Write the half-equation occurring at the positive electrode during the electrolysis of a molten mixture of
NaCl. (1 mark)

DCKD — (U
: D
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b. Suggest why a molten NaCl electrolyte is used in certain commercial cells if a concentrated solution of NaCl
could be used as a cheaper alternative. Justify your reasoning. (2 marks)

fkcfryoiég‘m enastroied Nt U us aolld Naed 1)) e
>_>H‘L nOPJZuQRgA ‘{L@, Q@m Q:H—\(D + U= H«f‘?oﬂ/

(0 )
b N‘c« —1“& ) Nﬂb@»‘e—\ R o
e sl Ty b e o s sl

i. Explain what material commercial cells typically use as the anode. (1 mark)

g ey e chesperdiu, offen clvides
J ] 4 ]
duelnos Pes,

ii. Explain why a reactive metal such as iron is often used as the material for the cathode in commercial cells
rather than inert ones like platinum or graphite. (1 mark)

@wMom ot occsr rﬁ %& Coﬁﬁfdb O/ngr.rw 3:(%&

o con e uxedl dhere ay s oueﬂc;ﬁwggjfgeﬂ
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Question 4 (3 marks)
a. Outline why hydrogen gas leaks are challenging to detect without a gas detector. (1 mark)

Hy < e Fac'if S ¢a
)c\‘dzxs\&\w&. -

T

~——

b. Explain the safety concerns associated with the leakage of hydrogen, and subsequently, outline what
precautions can be taken to mitigate these risks. (2 marks)

')’E’)a—h = @g H (H%Wu& &e(‘m CCP. ésmf;)@(lO/LS \
J ’ —
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VCE Chemistry % Questions? Message +61 440 137 304

Question 5 (6 marks)

Many industrial processes result in the accumulation of deposits in reaction chambers. To clean these chambers a
powerful oxidant, such as fluorine gas, F,, is required. A safe and cheap method of generating F, on-site uses

anhydrous hydrogen fluoride, HF.

Anhydrous is when there is no water present, whereby a solvent other than water is used instead.

—

An electrolytic cell used for the on-site production of F, is shown below.

kO
Cavbon electvode

in electvolyte

ok
Y

Power supply

CMM

/

FZ gas

“’2 gas

|| —

L ‘?C_

[von! electvode

AnkgAvous
HF dissolved
in electvolyte

a. Indicate which of the electrodes is the cathode. (1 mark)

Lon olectide.

J———

b. Write the half equations for the reactions expected at the:

i. Iron electrode. (1 mark)

IH > H
D) G

ii. Carbon electrode. (1 mark)

U= 5%

)

(1)

09
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¢. Anhydrous hydrogen fluoride is used rather than an aqueous solution of HF. Suggest a reason for this and
include a relevant chemical equation to assist in your résponse. (2 marks)

l&n\o} OGS Solbony A 8] WM\U@Q/Hocc\ bt the. arede
eockidN e Chevere gs 45D ipc:;mf‘{ﬁe (W) Shivep et
ok }-rrotely }m\J m%\"/\& bp fhe. = /
aode o P"‘(C} ZH (‘)/ TN m\/%‘PH e ara

PBS"\[/\ S ﬁC(( (s (43‘0\ f UC- 5%@ .
d. The cell s fi 11 sed, with only pas geways for the pr he cell. State one reason for

this. (1 mark)

’TO@/&M Omch\H&M@\bmHacQ )= wﬁmmu

(to»dm-a w/ Dﬂ e gl o ﬁ“

—
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Section C: Ramping it Up (13 Marks)

VCE Chemistry % Questions? Message +61 440 137 304

INSTRUCTION: 13 Marks. 10 Minutes Writing.

Question 6 (8 marks)

Society has recently been pushing for ‘green’ chemistry. One such example of this principle is the ‘green’
production of hydrogen gas.

a. Outline why the ‘regular’ electrolysis of water use is not considered to be green. (1 mark)

‘regular’ electrolysis of water may not source electrical energy from renewable sources of energy and thus is not

renewable.

PEM edectvolysis
Cathode -
6_ (C
‘H‘+
Cathode Membrane

b. The polymer electrolyte membrane (PEM) electrolyser is a commercial cell that will be used in society very
soon. A diagram of it is shown below:

+ Anode

: ®Lc>\
~

< #,00)

Anode
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i. Explain one feature of this electrolyser that makes it more environment-friendly than the electrolysis
of an acidic solution and refer to one United Nations Sustainability Development Goals. Use Item 26.1 of
the Data Book. (2 marks)

This PEM electrolyser sources electrical energy from either photovoltaic cells (solar) or wind energy which are

renewable sources of energy. This relates to the United Nations Sustainability Development Goal 13 - climate

st , . . erg
this way.

ii. State one disadvantage of this electrolyser, and refer to one United Nations Sustainability Development
Goals. Use Item 26. 1 of the Data Book. Justify your answer. (2 marks)

; Pd%,h \QIJ\/CD(J\'"\JF"' }‘ S Cv&"b'
PEM electrolyser is efpww‘ﬁ/ as the electrodes are PIG&¥-This relates to United Nations
Sustianability Development Goal 7: affordable and clean energy, as the cell produces clean energy but is fot

£ (|
dlfordduic.

@Q\’) e, MW all
AMm /P)Yés) , \f\ ()
’ J

A >4

iii. Write the products formed at the cathode and anode by filling in the boxes provided on the diagram above.
(1 mark)

i. Indium, a porous material, is often used in this cell as the material for the electrodes. Explain how this
feature aids the functioning of the cell. (1 mark)

It is porous to increase surface area, increasing cell efficiency.

ii. Indium also poses a second benefit in that it increases the rate of the reactions occurring. State one green
chemistry principle this quality relates to. (1 mark)

Cc@«(dsls

Space for Personal Notes

CH34 [0.13] - Features of Electrolytic Cells - Workshop ‘1 2




G.ONTOU REDUCATION VCE Chemistry % Questions? Message +61 440 137 304

Question 7 (5 marks)

Another green method for the production of hydrogen gas is via the principle of artificial photosynthesis. The cell

which allows for this process to occur is depicted below.

©

—

8L 'S

4

Sunlight

“'l'

a. Given that the sunlight causes the oxidation of water, label the polarities of the electrodes by placing a + or -

sign in the circles above. (1 mark)

i. Compare the energy conversions in this cell compared to that in the polymer electrolyte membrane (PEM)

electrolyser. (1 mark)

Artibe %W?Mszx | PEM @mmm/

Splor—> J\eﬁn\m\

Dlor > Q_&Q/B chern

ii. Explain whether this artificial photosynthesis cell or the PEM electrolyser is more energy efficient. Refer
to one green chemistry principle. (Use Item (26) (ii) of the Data Book) (2 marks)

Aafe | ko)

U NTA T IVETT ™ as artificial photosynthesis only has one energy conversion, it is more energy
efficient overall, and thus relates to the green chemistry principle of “design for energy efficiency”

c. State the alternative name for the artificial photosynthesis cell. (1 mark)

wald* oxidefiin andh m’wr\ reducdinn caviv\k\f)ﬁ qjs\w\
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Section D: Getting Trickier | (8 Marks)

INSTRUCTION: 8 Marks. 6 Minutes Writing.

Question 8 (8 marks)

potential difference of 5 volts.
a. Write balanced half-equations for the reactions expected during:

i.  The electrolysis of 1 M LiBr (aq). (2 mark)

Cathode: ()/H3® “"‘Q,L —= H, fFfZ C)H 2

The electrolysis of 1 M LiBr (aq), and molten LiBr, i.e. LiBr (I) were investigated using carbon electrodes and a

Anode: 9/@(‘ — @f S ’(l (2/‘-'

(09 )
ii. The electrolysis of molten LiBr (1). (2 marks)

Cathode: L\"-"I' o — L—l &I

Anode: 9/&’- — E(E’F’%/
[A9) i

iii. Explain how pH changes at one of the electrodes during the electrolysis of 1 M LiBr. (1 mark)

d’\ 0 perees o O g i pzo&mc\ valare, e
\V\W m&‘ﬁ/b&\é— OJQ/Z(\\ \J
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b. When 0.1 M LiBr (aq) was electrolysed instead of 1 M LiBr (aq), it was observed that the products produced
were different.

Write half equations for the reactions at each half cell and thus describe which products are observed to be
produced, giving justification for your reasoning. (2 marks)

Thy, axdhedy. ockon s Hresane 0 ot colls. U0 Us o0
Howere dveto | e oo aL Ry it beomss o

va reoclan, c thss ol e maﬂ?mw_

LOM Ligr 2&;& ST oM B 20 Oyttt itk

2 ))
Thes, for 10 M L5 R ’H‘mh By, o e ore_mdmdl R
BC OAM LB {0 Oy areprodnd -

c. The production of the products for the electroly51s of 0.1 M LiBr (aq) comes with a safety risk. List one safety
precaution which should be undertaken to minimise this risk. (1 mark)

QU - Q. AN w

Space for Personal Notes

CH34 [0.13] - Features of Electrolytic Cells - Workshop ‘1 5




G.()NTOU REDUCATION VCE Chemistry % Questions? Message +61 440 137 304

Section E: Getting Trickier II (S Marks)

INSTRUCTION: 9 Marks. 8 Minutes Writing.

Question 9 (1 mark)

Pure NaCl is not used in a Down's cell. The liquid that is in a Down's cell is a mixture of CaCl, and NaCl.
The CaCl, /NaCl mixture is used instead of pure NaCl because it:

A. Has a higher melting temperature.
B. Improves the yield of chlorine produced.

C. Improves the purity of the sodium produced.
=

—\

D,/ Enables the process to be carried out at a lower temperature.

Space for Personal Notes
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Question 10 (8 marks)

Magnesium is produced by the electrolysis of molten magnesium chloride. The diagram below shows the
main features of the electrolytic cell, which is used.

Molten MmAgnesium

metal
— 24 V Jd.. Ehwl'volgh
Cevamic hood
lvon +ank
G\mpki‘l'w

i. Write the half-equation for the process which occurs at the graphite electrode. (1 mark)

‘\ [“4
( ( j}
ii. »x in the table below to show the identity and polarity of the graphite electrode in the
= Hic cell shown above. (1 mark) -
Positive/ Negative
Anode /
Cathode

iii. Explain the likely role of the ceramic hood. (1 mark)

geambhﬂ&b@dg I tesut diey o ot enfecd” )
&cm pmdfu) X e/ - /
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b. It can be predicted from the electrochemical series that the magnesium ions in the electrolyte will not react
with the iron tank.
i. What is the basis of this prediction? (1 mark)

An oxidant (A) will only react spontaneously with a reductant (B) if the conjugate of A is a weaker reductant
than B: j i i .

ii. This prediction could be unreliable. Explain why. (2 marks)

The electrochemical series is formulated using standard conditions of 1 M concentration of solutions, gas

pressure of T atm and temperature of 25°C.
The conditions in this cell vary significantly from these conditions and thus any predictions may be unreliablg.

c. To obtain the magnesium chloride electrolyte, the following reaction is used:
MgO(s) + C(s) + Cl,(g) = MgCl,(s) + CO(g)
Suggest one reason why molten magnesium oxide is not used directly in the electrolytic cell to produce
magnesium. (2 marks)
Using molten electrolytes is costly because of the energy required to melt the solid and keep it molten.

The melting point of magnesium chloride is Tikely to be much Tower than the melting point of magnesium oxide.
Less energy is required to produce a molten electrolyte, and so costs are reduced.

~

Let’s take a BREAK!

Space for Personal Notes
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An oxidant (A) will only react spontaneously with a reductant (B) if the conjugate of A is a weaker reductant than B. The conjugate of Mg^+ is the reductant Mg. Mg is a stronger reductant than Fe.

The electrochemical series is formulated using standard conditions of 1 M concentration of solutions, gas pressure of 1 atm and temperature of 25°C.
The conditions in this cell vary significantly from these conditions and thus any predictions may be unreliable.


Using molten electrolytes is costly because of the energy required to melt the solid and keep it molten.
The melting point of magnesium chloride is likely to be much lower than the melting point of magnesium oxide. Less energy is required to produce a molten electrolyte, and so costs are reduced.
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G’ONTOURE DUCATION VCE Chemistry % Questions? Message +61 440 137 304
Section F: VCAA-Level Questions I (3 Marks)

INSTRUCTION: 9 Marks. 30 Seconds Reading. 8 Minutes Writing.

Question 11 (9 marks) v

Inspired from VCAA Chemistry Exam 2017
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2017/2017chem-w.pdf#page=30

Given that fluorine gas, F, is the most reactive of all metals, it is extremely beneficial to have access to it. In order
to form fluorine gas, we electrolyse liquid hydrogen fluoride, HF, to form fluorine and hydrogen gases.

Eloctvicity supply

Ivon Cavbon
edechvode  electvode

'biapku\gm
/

= F,(9)

L1

Gas collector

Gas collector

a. Write the equation for:
i. The half-reaction occurring at the cathode. (1 mark)
+ —
IH + W — 4
[ 5)

~——

ii. The overall reaction. (1 mark)

U~ —2 £ £
() N

7

| oF e (
o) )

| —
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et

b. Label the polarities for each electrode in the circles provided above. (1 mark) x/\ - ’FL

c. Suggest why the diaphragm as shown in the diagram above is important for th@f the cell.

(2 marks) @
WD‘QA@ arl 'H‘)/a‘\ B( ‘hc&\ /ﬁNL O\MOI’)MOI"\ ig

/HW\ fn confocfi QAJ/\ affrp A(rec’ﬁu ) xm(ﬁzwzmd (*emcﬁ:)/j/
wnidn cax\m&«c} 0 an ex \SSW\ @\/

”"t (7&(64 n‘/foc;/\f\ also a(\oS [ons b m& )({’YDVC»\\/\ X Com@ I
’({‘Q CWCU\\\- -

d. Explain why the carbon electrode cannot be replaced with an iron electrode. (2 marks) @

— r\?fﬁ\o (oo Qlechode Cardd wire b be o £ feen, fe
LMUAV}\ b(wmﬂ.m /ow 5*7\‘)(@/@( mﬂW )( rtock in /\‘3\001%@‘\’0 45— 1))
Acathow B dhe &O&WW\W(J *C'%mo\?ﬂof\ R — |’<_ e @

g \NJM\A Mean J’f’\m\k/ fFA b_@rof)z”mél iskea) dlﬁ Sel
C/z;;\ <y
(&
e. [Explain why the left electrode as shown in the diagram above can be made of iron. (2 marks)
“The. Vp%d(cﬁﬁdh s (OQ//I/\MMoQ AR N 11D
Lhere Dn 4 edughon con “\?A\Caﬂ) loaee (oY okhion) . Aa\guc%
\J/\\L\fag\ o chopr {fmktr\c%vﬁ“ it Loreed ab Are edieds

A
X conor oedise , A V\_\)da« Aok mw%t %) «[m reecko A
O— -
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VCE Chemistry % Questions? Message +61 440 137 304

Section G: Multiple Choice Questions (6 Marks)

INSTRUCTION: 6 Marks. 6 Minutes Writing.

Question 12 (1 mark)

< \/_

=
(jIDIn both cells reduction occurs at the cathode.

—

If we compare a galvanic cell with an electrolytic cell, it is true to state that:
)Q In a galvanic cell reduction occurs at the negative electrode.
———

. In both cells the anode is positive and the cathode is negative.

. In an electrolytic cell oxidation occurs at the cathode.

Question 13 (1 mark)

This is because:

— | A. Water is a stronger reductant than chloride ions.
R

( B. ) Water is a stronger oxidant than magnesium ions.

To produce magnesium metal and chlorine gas from magnesium chloride, a molten electrolyte needs to be used.

C. Less energy is used when electrolysing a molten electrolyte as water does not react.

D. The products produced from an aqueous solution can react together spontaneously.

Question 14 (1 mark)

flow to the:
A. Anode and are reduced to calcium metal.

B. Anode and are oxidised to calcium metal.

&@athode and are reduced to calcium metal.
—_—

—_—

D. Cathode and are oxidised to calcium metal.
N

Calcium metal can be obtained from the electrolysis of molten calcium chloride. During this process, calcium ions

CH34 [0.13] - Features of Electrolytic Cells - Workshop ‘21
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VCE Chemistry % Questions? Message +61 440 137 304

Question 15 (1 mark)

Vv

Inspired from VCAA Chemistry NHT Exam 2022
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2022/NHT/2022ChemistryNHT-w.pdf#page=14

Fluorine can be produced commercially by the electrolysis of a mixture of potassium hydrogen difluoride, KHF,,
and hydrogen fluoride, HF. HF is a molecular gas at standard laboratory conditions (SLC).

Which of the following about the electrolysis of HF to produce fluorine is correct?

Molten HF is not
used in electrolysis

to produce fluorine because

Aqueous HF is not
used in electrolysis
to produce fluorine because

%-\

A.

N

HF is a molecule.

Oxygen would be produced.

—

B.

HF is a molecule.

Hydrogen would be produced.

~

The melting temperature of HF is too

high.

Oxygen would be produced.

K
50

The melting temperature of HF is too

high.

Hydrogen would be produced.

Question 16 (1 mark)

Brine is a concentrated solution o
useful products it yields. The products are:

/ ydrogen gas, chlorine gas and sodium hydroxide.
— =

B. Hydrogen gas and oxygen gas.

C. Sodium metal and oxygen gas.

D. Sodium metal and chlorine gas.

T\Jf-s,xcﬁwf

chloride. The electrolysis of brine is a common industry due to the

Space for Personal Notes
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Question 17 (1 mark)

When comparing the electrolysis of molten Cul, with that of a 1.0 M aqueous solution of Cul,, which one of the
following statements is correct?

/(@he products at the anode and the cathode are the same in both cases.
B. The product at the cathode is the same in both cells but the products at the anode are different.
C. The product at the anode is the same in both cells but the products at the cathode are different.

D. The products at the cathodes of both cells are different from the products at the anodes.

Space for Personal Notes
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G‘.ONTOUREDUC ATION VCE Chemistry % Questions? Message +61 440 137 304
Section H: VCAA-Level Questions II (8 Marks)

INSTRUCTION: 8 Marks. 30 Seconds Reading. 7 Minutes Writing. Ay

Question 18 (8 marks)

Magnesium is one of th§ mest abundant elements on Earth. It is used extensively in the production of magnesium-
aluminium alloys. It is produced by the electrolysis of molten magnesium chloride. A schematic diagram of the
electrolytic cell is shown below.

Gamyki'h, anode

— Chilovine gas

Wﬁa_) lnext gas out

Molten magnesium —@s ool TR

lnent gas out

=

AN

Molen Magnesiam

SO0

Molten magnesium chlovide
(mH\ some Nall and Call )

lvon cathode

\\
ANTLILIAN SRAARRRY AR

NSNS NN

L LLLLLLLLLLLLLL

Chlovine gas

The design of this cell takes into account the following properties of both magnesium metal and magnesium
chloride:

» Molten magnesium reacts vigorously with oxygen.
—_— /
P At the temperature of molten magnesium chloride, magnesium is a liquid.

» Molten magnesium has a lower density than molten magnesium chloride and forms a separate layer on the

surface.
\Sh
a. Write a balanced half-equation for the reacﬁ‘oﬁfrgng at each of: (2 marks)

Anode: ?/C] (A ) C[ ’{'— (2/6/
Cathode: /V\DI +“{"rLL — /\/\0'\ £t \
T

NN
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PIAIA

b. Explain why an inert gas is constantly blown through the cathode compartment. (1 mark)

0 redvee. Join Cﬁ f\’\c\’vﬂ ol etk W Oy A
W‘)‘@MDT’\'DK%\’)DX(GW @1

c. The melting point of a compound can often be lowertd by the addition of small amounts of other compounds.
In an industrial process, this will save energy. In this cell, NaCl and CaCl, are used to lower the melting point
of MgCl,. Why can NaCl and CaCl, be used to lower the melting point of MgCl,, but ZnCl, cannot be used?
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d. What difference would it make to the half-cell reactions if the graphite-anode-werereplaced-with-an-iren

W for any different half-cell reactlon Justlfy your answer. (3 marks)
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Section |: Extension Questions (19 Marks)

Question 19 (11 marks)

It has been suggested that aluminium could be used as a fuel source by reacting it with water to produce hydrogen
gas. The aluminium rods could be replaced when the vehicle is “refuelled”. The hydrogen gas produced could then
be used in a fuel cell.

a. What is the advantage of producing hydrogen gas in this way? (1 mark)

No CO_2 emissions are directly produced from this method of producing hydrogen.

b. The aluminium could be prepared using electrolysis.

i. Should the electrolyte be a molten liquid or an aqueous solution? Why? (2 marks)

The electrolyte should be a molten solution as water is a strong oxidant than aluminium ions, thus
preventing the formation of aluminium metal from the electrolysis of an aqueous solution.

ii. Write the half equation for the reaction occurring at the cathode. (1 mark)

—Al (1) + 3e —H{s)

iii. Assuming aluminium chloride is being electrolysed to create aluminium, calculate the voltage required to
prevent the products from re-reacting and hence, justify why this is the minimum potential to be provided
in the electrolysis cell. (2 marks)
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No CO_2 emissions are directly produced from this method of producing hydrogen.

The electrolyte should be a molten solution as water is a strong oxidant than aluminium ions, thus preventing the formation of aluminium metal from the electrolysis of an aqueous solution.

Al^(3+) (l)+3e^(- )→Al(s)Al^(3+) (l)+3e^(- )→Al(s)
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¢.  When the aluminium is reacted to form hydrogen from water, write half equations for the oxidation and
reduction process.

i. Oxidation. (1 mark)

Al(s) = APT(1) + 3e”

ii. Reduction. (1 mark)

2H,0(1) + 2e~ — H,(g) + 20H(aq)

d. The fuel cell uses a potassium hydroxide electrolyte.

i.  Write the half equation for the reaction occurring at the positive electrode. (1 mark)

0,(g) + 2H,0(1) + 2e™ — 40H (aq)

ii. Ions move through the electrolyte. In what direction would the hydroxide ions move and why do they
move in this direction? (2 marks)

The hydroxide ions in the el ectrolyte move towards the anode as to balance the positive charge
Created there by the Toss of electrons and to provide the hydroxide ions necessary for the reaction.
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Question 20 (8 marks)
Three experiments were conducted to investigate electrolytic cell reactions.

a. In the experiment 1, the apparatus shown below was used.

[

—J
Power supply

Electvode B

A%MMS
elechvolyte

After the current had passed through the cell for some time, a reddish brown liquid was formed at the electrode
B, while a metal was found deposited on the electrode A.

i. Suggest the probable formula of the reddish-brown liquid. (1 mark)
Br2

ii. Explain why the deposited metal could not be magnesium. (2 marks)

H_2 Oisastronger oxidant than Mg"(2+).
In agueous solution, water will be reduced to form hydrogen gas and hydroxide ionsin
preference to the reduction of magnesium ions to deposit magnesium.

iii. Suggest a possible electrolyte for this cell which is consistent with the observations made. (1 mark)

For example,
CrBr_2(aq)

iv. Explain why, regardless of the choice of electrolyte (assuming no spontaneous reaction occurs), identify
which of the electrodes can be iron and explain why this is so. (2 marks)

Solid iron cannot be further reduced, thus making it inert in the cell itself
and thus the choice of electrolyte and their oxidation and reduction
strengths will not impact whether iron reacts in the cell or not. Stronger.
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b. In experiment 2, the apparatus shown below was used with a dilute sulphuric acid solution as the electrolyte.
A steady current of 0.060 amperes was maintained during the experiment.

Dilute #,50, (aq)
Platinam Platinam
lectvode € dectvode D

Powe; s—upplg

i. Write a half-equation for the gas-producing reaction expected at the electrode C. (1 mark)

2H;0(1) = 02(g) + 4H™ (aq) + 4e”

ii. The cell is planned to be used to create reactants for an acidic fuel cell. Identify the component of the cell
that allows this to occur. (1 mark)

The apparatus keeps the products,

H—2(g)yand O _2(g) separate,

preventing areaction and allowing them to be used properly in afuel cell
F

t1Na
HHAG-
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