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Section A: Non-Standard Conditions

Sometimes, we will be given cells which are not at standard conditions.

P,

Discussion: What conditions is the electrochemical series constructed at? p o
> S
> LOM

Context

» Electrolytic cells may be at different conditions.

» Result: Order of the electrochemical series can /’%W\O)F

Let’s first look at what happens at higher concentrations! .
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Sub-Section: Higher Concentrations

o>
-

First let’s have a look at a scenario at standard conditions! .

» Scenario: Electrolysis of NaC

» Where is everything on the ECS? (Label Below)

Exploration: Electrolysis Scenario #1

I(aq) at SLC and 1.0 M concentration.

Reaction

Standard Electrode Potential
(E°) In Volts At 25°C

H,0,(aq) + 2H*(aqg) + 2e~ = 2H,0(1) +1.77

Cr,0,% (aq) + 14H*(aq) + ¢e~ = 2Cr3*(aq) + 2H,0(]) +1.36
Cly(g) + 2e7|= 2ClI" (aq) +1.36

0,(g) + 4H*(aq) ¥ 4e~ @ +1.23

Bry(1) + 2e~

= 2Br~(aq) +1.09

Zn?*(aq) + 2

e” = 7Zn(s) -0.76

@ + 2e~ = H,(g) + 20H™ (aq) —0.83
o Mn?*(aq) + Ze~ = Mn(s) —-1.18
A3t (aq) + Be™ = Al(s) —1.66
Mg?*(aq) + e = Mg(s) —-2.37
Nat(aq) + ¢~ = Na(s) -2.71
Ca%*(aq) + 2e~ = Ca(s) —-2.87
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» Reactions Which Occur:

Strongest Oxidant: H’)@ Strongest Reductant: (H:l/,a
[
Cathode (Reduction) Half-Equation: Anode (Oxidation) Half-Equation:

Wi o+1 = b2t U 0-> 0,441 b

~ S‘
Discussion: Relative Oxidant/Reductant Strength ‘%

Reaction Standard Electrode Potential
(E°) In Volts At 25°C
H,0,(aq) + 2H*{aq) + 2e~ = 2H,0(]) +1.77
Cr,0,% (aq) + 14H*(aq) - 6~ = 2Cr3+(/1q) + 2H,0(1) +1.36
W
Cl,(g) + 2k~ = 2C1-(aq) +1.36
7
0,(g) + 4H*(af) + 4e /= 2H,0( -\ kl—ly
Br,(1) + 2~ = 2Br~(aq) +1.09
Zn?*(aq) f+ 2e~ = Zn(s) -0.76
h@o@+ 2e” ¥ H,(g) + 20H™ (aq) —0.83
Mn?*(aq) + 2e~ = Mn(s) -1.18
A3t (aq) + 3e™ = Al(s) —1.66
Mg?*(aq) + 2e~ = Mg(s) -2.37
— (N;+(a )l e~ = Na(s) —2.71
Ca%*(aq) {+ 2e~ = Ca(s) —-2.87
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» Comparing relative oxidant/reductant strength of substances:
& Relative reductant strength of chloride compared to water: [close] / [far] in strength

& Relative oxidant strength of sodium ions compared to water: [close] / [far] in strength

~

Consider the following analogy!

Analogy: Pushing in Line to Reach the Finish I &
» Scenario #1: Imagine two people trying to push into line.
H,0(1) Cl” (aq)
Huge Strong Person Little Kid

Finish

a-

J 4

»  Who will win? [Strong Person (H,0)] / [Weaker Kid (CI7)]
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» Scenario #2: C1~ is in higher concentration.

» Who will win now?

Finish

[Strong Person (H,0)] / [Weaker Kids (C17)]

Space for Personal Notes
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Let’s link that to actual electrolysis now!

Exploration: 1.0 M vs 5.0 M Concentration

» Water & chloride at different concentrations:

1.0 M Concentration

5.0 M Concentration

» Water €& \55 reacts as it is stronger.

Even though water is stronger, there is more
chloride (CI7)!

The chloride MM’V_\) the water
and reacts in preference!

Space for Personal Notes
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~

How aboutNa™* 7
Analogy: Pushing in Line to Reach the Finish II &
» Scenario #1: Imagine two people trying to push into line.
H,0(1) Na*(aq)
Huge Strong Person Ant

Finish

—

of Na*

»  Who will win? [Strong Person (H,0)] / [Ant (Na*)]

» Scenario #2: Na* is in higher concentration.

Finish

»  Who will win now? [Strong Person (H,0)] / [Ants (Na*)]
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Let’s link that to actual electrolysis now!

Exploration: Sodium lons (Na*) at 5.0 M Concentration

» Water & sodium ions at different concentrations:

1.0 M Concentration 5.0 M Concentration
» Even though there are more sodium ions

U
(Na™), water is significantly stronger!

» Water qu% reacts as it is stronger. .
> Water still __Xce I/‘QJ 8( :"/’WL to

sodium ions!

Space for Personal Notes
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Let’s have a look at this on the electrochemical series/ .

Exploration: Electrolysis of NaCl at Higher Concentrations ¥ %ﬁ ’
» Where are the relevant species on the electrochemical series? (Labe/ Below)
» What is the strongest reductant now? What is the strongest oxidant now? (Label Below)
Reaction Standard Electrode Potential
I (E°) In Volts At 25°C
H,0,(aq) + 2H*(aq) + 2e~ = 2H,0(1) +1.77
Aut(aq) + 4‘ = Au(s) +1.68
e
Cly(g) + 2e 2Cl7(aq) +1.36
0,(g) +4H" (aq] + 4e™ = 2H,0(D) > +1.23
)
Bry () + 2¢[ = ZBr‘(ag;j +1.09
i Ag¥(aq) T e~ = Ag(s) +0.80
/
Fe?*(aq) # 2e~ = Fe(s) —0.44
/ Zn?*(aq) f+ 2e~ = Zn(s) —0.76
l 2H,0(1) +(Ze‘ - H,(g) + 20H™(aq) \1/ —0.83
Mn?*(aq) H 2e~ = Mn(s) -1.18
A3t (aq) - 3e™ = Al(s) —1.66
=)
\ / Mg?*(aq) H 2e~ = Mg(s) -2.37
\ \_@ + e~ = Na(s) —2.71
Ca’*(aq) \— 2e” = Ca(s) —2.87
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Cathode (Reduction) Half-Reaction

Anode (Oxidation) Half-Reaction

VAL OF >4 2o

VWD Ql’f s

concentrations?

Extension: How much do each of the oxidants/reductants increase in strength by at higher é

» Consider sodium ions (Na*) and water (H,0) vs chloride (Cl) and water (H,0):

Reaction Standard Electrode Potential
(E°) In Volts At 25°C

N\

\
Clo(g) + 2¢ o 201 Ga +136
0,(g) +4H™ (aq) [+ 4e™ = 2H,0() ‘(/ +1.23
2H,0(1) + 2e™ = H,(g) + 20H (aq) —-0.83
Mn?*(aq) + 2e~ = Mn(s) —-1.18
A3t (aq) + Je~ = Al(s) —1.66
Mg®*(aq) + 2\9‘ = Mg(s) —2.37
Na*(aq) + e\ = Na(s) -2.71

\

» What is the difference in EMF between:

Chloride (CI) And Water (H,0)

Sodium lons (Na*) And Water (H,0)

O3V
—

Space for Personal Notes
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a

Electrolysis of NaCl at Higher Concentrations

Definition

Conditions Sodium ions (Na*t) Chloride (CI7)
. [slightly] / [significantly] [slightly] / [significantly]
R weaker oxidant than water weaker reductant than water
4.0 M Concentration [will] / [will not] reduce in [will] / [will not] oxidise in
preference to water preference to water

» Cutoff for “High Concentration”: >2 O N\

» Note: Only [L\ at high concentration is mainly tested!

—
Additional Information: As Cl~(aq) is very close in reductant strength to water at most
concentrations (1.0 M - 5.0 M), Y ) chloride and water are oxidising simultaneously!

| OM a
— Your turn!

Question 1
The electrolysis of 5.0 M concentration of calcium chloride (CaCl,(aq)) is undertaken with inert electrodes.

Write the half-equations which occur at the:
a. Positive electrode. @ m

‘ZC %c AL ﬁ

) e esic
b. Negative electrode. &rRC 7\
UHO+ W2 H £20H
QD) GD) (‘?g/)

Space for Personal Notes
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Question 2

A concentrated sodium chloride solution is electrolysed. The process can be simply represented by the following
diagram:

R OIS,
ectvodes | |

HgAmgm
a
Chlovine 9o
gas
Concentrvated sodium

chlovide solution

During the electrolysis of this electrolyte:
%The rate of reaction would increase.

B. The pH of the solution would decrease.

(@l‘he pH of the solution would increase.

D. The gas formed at the negative electrode would be different.

Question 3 Additional Question.
In the electrolysis of an aqueous solution of NaCl, which species is most likely to be reduced at the cathode?

A. Na*ions

@Nater molecules

C. CI" ions

D. 0O, molecules

CH34 [2.2] - Features of Electrolytic Cells - Workbook ‘1 3
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Question 4 Additional Question.

How does the concentration of hali

%High concentratioause halide ions to oxidise in preference to water.

(KUnder typical (dilute) conditighs, water is oxidjsed rather than halide ions.

\§<LOW concentrations

y%"he concentrafion of halide ions has no effect on the anodjc reaction.

N

our the oxidation of halide 1

Space for Personal Notes
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. [
@
Sub-Section: Molten Conditions [ ‘
Now, let’s have a look at cells in molten conditions! '
o . ™ 9\
Discussion: What Are Molten Conditions? p o
Ve
MOIten f Definition
» Definition: The liquid form of solid extremely hazardous substance at hfé\\(\ temperatures,

which is normally in solid form at SLC conditions.

S 9\
Discussion: Is water present in molten conditions? &

[Yes] / [No] / [Maybe]

Space for Personal Notes

CH34 [2.2] - Features of Electrolytic Cells - Workbook ‘1 5




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

Context

» In the previous section, can sodium ions react even at higher concentrations? [Ye
» What reacts in preference? '\’@

» In molten conditions, is this water present? [Yes] /@

P

=

» Conclusion: Molten Conditions are used to react everything which is weaker than water!

Reaction Standard Electrode Potential
- (E°) In Volts At 25°C
Fe?*(aq) + 2e~ = Fe(s) —0.44
' Zn?*(aq) + 2e~ = Zn(s) -0.76
m 2e” = H,(g) + 20H (aq) —0.83
A=

Mn?*(aq) + 2e~ = Mn(s) —-1.18
A3t (aq) + 3e™ = Al(s) —1.66
Mg?*(aq) + 2e~ = Mg(s) —2.37
0“,3 9v9 =-2.71
Ca%*(aq) + 2e~ = Ca(s) —-2.87
K*(aq) + e~ = K(s) —2.93
Lit(aq) + e~ = Li(s) —3.04

Space for Personal Notes
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Let’s ook at a question together!

~

Question 5 Walkthrough.
Potassium chloride is electrolysed using a cathiode and a graphite anode at molten conditions.
_— — -

Write the half-equations which occur at the following electrodes. Do not include states yet.

a. Cathode.

(Ffhe=—>2 Y,

N
A aSyav)

b. Anode.

D)

LV — (L + L
2

Discussion: What is the state of potassium ions (K*) at molten conditions?

(D

e

Non-Standard Condition Reactions

» At higher concentrations, chloride ions (C17) react in preference to water.
» Molten Conditions:
& Water [is] / [is not] present!

& State of cations/anions are not aqueous (aq), but instead are ‘Idlu“’\ C ‘\

Definition

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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Your turn! .

Question 6
Molten calcium fluoride (CaF,) is electrolysed using a cobalt cathode and a graphite anode.

a. Write the half-equation for the reduction reaction.

(o &) V2 G e

b. Write the half-equation for the oxidation reaction.

8 7)

Question 7
A molten mixture of manganese fluoride is electrolysed.

a. Write the half-equation for the reduction reaction.

(\/\(\’M—( A L /b\/\(c 1)

71

b. Write the half-equation for the oxidation reaction.

W= [ A2

NOTE: Although there’s the following equation, the Mn?* requires liquid water in order to oxidise! P/

MnO, (aq) + 8H'(aq) + 5e~ = Mn?*(aq) + 4H,0(1)

Space for Personal Notes
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Try some more questions/

~

Question 8

Which one of the following statements about this reaction is correct?
%\Sodium metal will be produced at the cathode and fluorine gas will be produced at the anode.
. Sodium metal will be produced at the anode and chlorine gas will be produced at the cathode.
C. Aluminum metal will be produced at the cathode and chlorine gas will be produced at the anode.

— s ——— C —

D. Aluminum metal will be produced at the anode and fluorine gas will be produced at the cathode.

A molten mixture of equal parts aluminum fluoride, AlF3, and sodium chloride, NaCl, undergoes electrolysis.

The following information applies to the two questions that follow:

An electrolytic cell uses inert electrodes placed in a solution of NaCl.

Question 9

If the solution is a molten one:

@odium metal will form at the cathode and chlorine gas at the anode.
—_

B. Sodium metal will form at the anode and chlorine gas at the cathode.

C. Hydrogen gas will form at the anode and oxygen gas at the cathode.

D. Hydrogen gas will form at the cathode and chlorine gas at the anode.

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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Question 10
If the solution is a concentrated aqueous one:
A. Hydrogen gas will form at the cathode and oxygen at the anode.
odium wifl form at the cathode and oxygen at the anode.
;ﬁydrogen gas will form at the w and oxygen gas at the cathode.
/< D. Hydrogen gas will form at the cathode and chlorine gas at the anode.
—_— =

Try a really hard VCAA Question! .

/

7 0

éestlon 11 (3 marks) /;ka jo 4%\ v
Inspired from VCAA Cma

, QS
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2021/202 1 chem-w.pdf#page=19

AN

Potassium ions can be obtained from potassium chloride, KCI, which can be obtained from seawater.

Explain how K can be produced from KCl in an electrolytic cell.
l(\ o rom cﬂ(‘cx(h«%s WS weaodr  Hhd s 1nﬂm(5\%% T,
/\/\D(X{/\ CM(%)% Ws&‘LbuyJ b elimhaf. M'H’)OA o/ wexl.
IA& oxges i, 40 fed-e o cdbedk, 2H, o2 ~= DH1+2©H’
o,

P ey Kyt 2 Yory

Opwe e (s addao oD

S | ——
(Cﬁdl‘ [—( \ \ l /3'/6)0 | ¢\edies) 0&/5\31 b %’ZQW-SWDQ:
Y D) A 21 resdawollry | raekon R dad/ - ]
Eﬁ g{ﬂ% \/\// s orUigh Yo
R AN K”V\ M
S
(U4

(P gy Wy Uy 2T
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/

Question 12 Additional Question.

An electrolysis cell is set up with inert platinum, Pt, electrodes.

Which one of the following will produce a gas at the cathode when undergoing electrolysis in the cell?
/ /A\ Potassium iodide, KI(aq).

7 Sodium chloride, NaCl(l).

\ C. Lead bromide, PbBr,(1).

DX Copper sulphate, CuSO4(aq).

N\

Space fork&Qonal Notes
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Section B: Features of Electrolytic Cells

Sub-Section: Commercial Cell - Down's Cell

000
W

look at some electrolytic cells in real life!

D,

Now that we've looked at how to predict the reactions which occur, let’s have a

Discussion: Will sodium generally exist in its ion form (Na*) or metal form (Na) in nature when it is
mined from the ground?

Discussion: Sodium will generally exist in its ion form. What if the pure metal form of a metal
such as sodium (Na) wants to be obtained? What needs to be done?

Ol

Context

» Electrolysis Purpose: Produces products unlikely to exist in nature.

Example used to produce pure sodium metal.

» Relevance: While not explicitly in the study design, understanding its construct is useful as
commercial cell features are tested.

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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Let’s Jook at Down’s Cell Together!

~

1

Exploration: Down's Cell

» Down'’s cell aims to turn sodium ions (Na*) into sodium metal (Na).

U 5 outet
[ \
lalet for
Na
.
Molten
NaCl Liqy\iA
T Na™ metal
Ivon » ; ]
seren 2 0 Na ouHet
: T
a ]
v

=

Cathode (=) -IJ Anode ('") VoH'AgQ/

Top View

| odhede |

Anode

» In Down's Cell, a molten sodium chlorilectrolyte is electrolysed.
—

r%\i(‘

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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» Equations:
Cathode (Reduction) Half-Reaction Anode (Oxidation) Half-Reaction

( NeF it Ny K2 20 S U2

& Overall Reaction: ?.I\}OC\ “) ’BZMM’%CB

S "(5)
» Equations:

Anode (+): 2C1~ (1) — Cl,(g) + 2e~
Cathode (-): Na*(1) + e~ — Na(l)

Overall: 2NaCl(1) — 2Na(l) + Cl,(g)

Space for Personal Notes
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>

Q
Sub-Section: Molten Electrolyte ®

— _—

o

REMINDER: This cell aims to produce sodium metal.

~
Discussion: Why is molten NaCl used? What's wrong with aqueous or concentrated Nacl (brine)? '&.

Conditions Cathode Reaction Anode Reaction
1.0 M NacCl H,0(l) - H,(g) H,0(1) - 0,(g)
4.0 M NaCl H,0(1) = H,(g) Cl~(aq) — Cl,(g)
e — 3\\
Molten NaCl Na*(l) - Na(s) Cl=() - Cl,y(g)
g‘/‘ﬂ' —_—
» Reason for Using Molten NaCl: O{'MJFC((U wee,‘W\oq WX~
an ["e&c)’
Molten Electrolyte Purpose Definition

» Toreact with species weaker than water.

Space for Personal Notes
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0

Sub-Section: Material of Electrode

Q
®

Exploration: Electrode Material

» In Down's Cell:

= N~

==J3

Anode Material

/ Cathode Material >

Fetie—

roN

éXPZ/\SN‘L

» Scenario #1; Platinum is both inert & catalytic. Why isn't it used instead?

» Scenario #2: Why can iron be used at the cathode? Won't it react in preference to chloride (CI™)?

Reaction

Standard Electrode Potential

(E°) In Volts At 25°C

Cl,(g) + 2eT = 2Cl (aq) +1.36
Br, (1) + 2e] = 2Br~(aq) +1.09
Co?*(aq) +[2e™ = Co(s) -0.28
Fe?*(aq) + Ee‘ —0.44

)

G Reasoning: CC\M (A/\(‘@r.&"u% Oﬂ\j@

WA e
ndepn

& Question: Why do we use iron used instead of graphite at the cathode?

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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a

Definition

Electrode Material

» Platinum Electrodes not used: Wlpwm
» Iron used at cathode: CMM wrtec e

Space for Personal Notes
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Sub-Section: Other Electrolytes Added

0

Q
®

Exploration: Electrolyte

» Electrolyte of Down's Cell is comprised of both molten NaCl(l) and Cacl, ().

O
» Melting point of pure molten NacCl (l):’w 8@8 C/ .

—_— —_—

Why do we add Ca?* ions?

» NaClionic lattice:

S{'Vcng
bonding

» Nacl ionic lattice with Ca2%* ions are added:

Bond walned B

2+
Nat - - l\
5 Ol atoshic atifhv)

D

between the Na* and CI".

2
» Result: This lowers the melting point of the molten NaCl (1) to roughly _ L0’ -

» Effect: Ca?* ions forms bonds with the Cl~, effectively ‘m M % {‘)DW the ionic bond

==J3

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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Extension: How does adding another ion like calcium ions (Ca2*) lower the overall melting ;
point? (Completely outside the study design (University Chemistry))

Cold, - Nal4, 1 atm

Data from Flealt - FACT salt databases
fact Sage

800

700 Salt-liquid

000 [

YV

Cold, + Salt-liguid Rocksalt + Salt-liquid

500 |

i . ]
Q

400} SN -

— & N TN & O S—NaaCi = Rockzal]
5 CoCl, + Rocksalt

300 g | 1 | g [] 1 | g

0 0.2 0.4 0.6 0.8 1

NAOl/ (CoOlz + Nacl) (Mol/mol)
_——

» Effect of Ca®* addition: Weakens NaCl ionic bonding, lowering melting point.
» Colligative property: NaCl dissolves in molten CacCl,, reducing melting point.

» Entropy increase: Ca®* disperses particles, increasing randomness.

Discussion: What are the benefits of lowering the overall melting point of the electrolytic cell? > <
v Vese aeisn (el o marin ool
J
> (oS
e
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9

Exploration: Will Ca?* (aq) Interfere With The Reaction?

i

Reaction Standard Electrode Potential
E°) In Volts At 25°C
Mg?*(aq) + 24~ = Mg(s) _237
=

Na*(aq) + e[ = Na(s) 271

Ca?*(aq) + 2p~ = Ca(s) o

K*(aq) + §~ = K(s) _9093

[ves] / [maybe]
» Reasoning: Ca®* is \C&/\ on the electrochemical series than Na*, and thus, will not reduce
in preference.

Adding Other Electrolytes

» Advantages: Reduce energy required, cost.

» Other Electrolytes (e.g. CaCl,) are added to lOlA,Vf\ W‘Q\S\'\\/ﬁ A,DU\/ﬁ

Definition

Space for Personal Notes
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0

A
Sub-Section: Barrier Within Cell [

Exploration: Barrier \ \f{ '

» Commercial electrolytic cells usually have some barrier to separate the electrodes apart.

» In Down's Cell, this can be seen from the iron mesh screen, separating the cathode and anode apart.

U, outlet To P Viw

] lalet fov
T Nacl
Molten
Nacl Liqaid
Na metal
lvon

soreed % | Na ouwHot

%

NN

Cuathode (—) Anode (+)

Cathode

Why is there a barrier which separates the cathode and anode apart?

» Consider the products which are formed (Cl, (g) and Na(l)).

Standard Electrode Potential

b (E°) In Volts At 25°C
-
( Cl,(g) !— 2e” = 2Cl (aq) +1.36
0,(g) + 4H+é\)+ 4e~ = 2H,0(D) +1.23V

Mg?*(aq) + Ze\;‘ Mg(s) —2.37
Na*(aq) + e~ ‘——‘i Na(s)z -2.71
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Cl, (g) Na(l
[strong] / [weak] oxidant [strong] / [weak] reductant

» If Cl,(g) and Na(l) come in direct contact: L}')Oﬂ, O\\{FQ’-"’ NQ‘C‘M

» Barrier Purpose: To prevent products from spontaneously re-reacting with each other.

» Scenario: Iron mesh is used instead of a solid irorr,m%ch allows some substances to pass through.

on

& Substances which can pass through:

& lon passing through purpose:

Ca/v\ddc inonel et
Meatniepin £ e f‘QﬂD\'@

Barrier Within Electrolytic Cell Definition

» Purpose:

& To separate products to prevent direct contact and spontaneous redox reaction.
-— _— /

& Allow flow of ions.
/

Space for Personal Notes
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Sub-Section: Constantly Removing Products @
9
Exploration: Products are Removed as Produced ‘\}\“
U, ouHet
—_—

lalet fov
IJ_ Nall
— T
Nh\ld{an °e m L
a o0 iquid
bl L Na xz‘,{'al
lvon
swreen Na outet
—
L i L
‘ Ah
[ [T

Cathode (-
athode (=) TAAoA@("‘)
souver

» Sodium liquid metal is less dense than electrolyte.

» What happens when Na metal is produced? (Label Above)

» Why is Na constantly funnelled out? pf\f/\'\__ %MPD?QUJLNWt

Constantly Removing Products Definition
» Purpose:
& To reduce chance of products coming fn (mc-’\' with one another and reacting back.

& To prevent lﬂ/’\(\d"o«\ﬁ products which may \\ﬂk/\pCf"\—- with reaction.
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|
Q
Sub-Section: Enclosed Container @ ‘
9
Exploration: Enclosed Container %‘
» Commercial electrolytic cells are usually completely enclosed. |
U, outet
f o
. lalet for
Nall
/’//B
Molten e m
Nald A Liquid
T Na metal
lvon o
sereet g Na outlet
. | E—
g
| ihaT
Cathode (-
0de ( ) -l- Anode (+) Vol tage
sonver
» What is present on the outside of the cell? @3 (’\\
» What happens if it touches the molten sodium (Na(1))? Qe 0 'ptlﬂ’\ &900 [mCJV']
r ﬁ‘p / ’\] A< :w'\
NATN
Reaction Standard Electrode Potential
I (E°) In Volts At 25°C
\ Cly(g) + 2~ = 2ClI" (aq) +1.36
\V4
@@Hﬂaq) + 4e” = 2H,0(1) +1.23V
qQ) + 2e”~ = Mg(s) —-2.37
Na*(aq) + ¢ "= Na -2.71
/}/
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» The container is usually completely enclosed to prevent oxygen gas from spontaneously reacting
with the products, which may cause an €><p\ QS\\/) !

» This also results in the products re-reacting back into the reactants!

Enclosed Container Definition

» Purpose: To prevent oxygen gas from spontaneously reacting with products.

Features of Electrolytic Cells
U, outet

o

| [nlet for
] | | NaCd

| | I
nﬁ\f“&”‘ e - Liquid
o 0® iani
? T o7 L )Na x:*l*al
Ivon ] - |
soren E _Na outet
U ||| ey L —
I_\?_" / N _?_l_
iflis
Cathode (=) H Avode ®) Volbans

» Molten Electrolyte: Reacts with species weaker than water.

» Iron at the cathode: Cathode unreactive - cheaper.

» Other Electrolytes (e.g., CaCl,) added: Lower melting point of electrolyte.

» Barrier within the cell: Prevent products from spontaneously re-reacting. Still allow flow of ions.
» Products constantly removed: Don't re-react back. No interfere reaction.

» Enclosed container; Prevent O, from outside reacting spontaneously.
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Try applying these to different cells/ .

Question 13 (5 marks) v

Inspired from VCAA Chemistry Exarw’ 2022 l Tﬁz\l
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2022/2022chem-w.pdf#page=16

Hydrogen, H,, can be produced using electricity generated by renewable sources. A simplified diagram of an acidic
electrolyser used to produce hydrogen is shown below.

Power supply

G

Membrane

2

o

N

= [

L I
_IC/o\'H\er/ Anode I 1\
- H,0

a. Draw an arrow in the box provided on the diagram above to show the direction of the flow of electrons through
the wire. Justify your answer. (2 marks)

F e oo {8 enode —> codbrsdn-
W\Oﬁas ¢ C@:?a\qﬁw;\m\as_lp\ma\ i ;Jﬁq{ﬂ&\ ot oo .

b. State two functions of the membrane. (2 marks)

oo Flaw jone (hidn moineny elecdvie| /\Mm\\"p
— Dfeued grodecks (F1, 30, am iy G

| ) mmeﬂ
N
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¢. Write the overall equation for the reaction that takes place in the acidic electrolyser shown in the diagram above
when it is operating at 80°C. (1 mark)

THO )2 H + O
D) "[53 4(7)

/
/

Question 14

The Hall-Heroult cell involves the electrolysis of molten aluminum oxide (Al,03).

A diagram of the cell is provided below:

Cavbon anode: O(s) + 202’(0\1) - Ooz(g) + 4o

Cavbon-lining cathode

3+ _
ALQ, in A + 3o - AQD

Na AIF, (1) Elechvolyte

Al ouHet Motten Al

The reactions which take place are the following:
Anode: C(s) + 2027 (1) » CO,(g) + 4e~
Cathode: AI3* (1) + 3e~ — Al(l)

a. The liquid aluminum is constantly pumped out of the cell. Provide an explanation for this.

is constantly pumped out to reduce chance for it to come in contact with other products an
spontaneously reacting. Avoid interference with cell.
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b. A solution of cryolite (NazAlFy) is also added to this cell. Propose one purpose for the addition of this
cryolite. Explain how this helps with the operation of the cell.

Cryolite is added to lower the melting point of AI203. This helps with operation with the cell as less energy is

required to maintain molten state, and thus saving energy and money.

Question 15 Additional Question.

In some electrolytic processes, iron is chosen as the cathode material. What is one key reason for using iron at the
cathode?

A. Iron is completely inert and never reacts under electrolytic conditions.

-
4- B. )Iron provides a cost-effective, conductive surface that can promote the deposition of the desired product.
C. Iron significantly raises the cell voltage.

D. Iron prevents any deposition by repelling cations.

Question 16 Additional Question.

Molten electrolytes are sometimes preferred over aqueous ones in electrolytic cells. Which of the following is a
primary reason for this choice?

A. Water is too expensive compared to molten salts.
B. ; Molten electrolytes eliminate competing water-splitting reactions that produce hydrogen and oxygen.
C. Molten electrolytes inherently produce lower cell voltages.

D. Aqueous electrolytes have too high conductivity.

Space for Personal Notes
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Section C: Safety and Storage of Hydrogen Gas
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Sub-Section: Safety of Hydrogen Gas

Context

» There are issues with safety surrounding hydrogen gas.

» How does hydrogen gas look like? QM’A&

» How does hydrogen gas smell like? &)OAT‘&

» How does hydrogen gas taste like? "ﬂ‘.‘;\’e{(ss

Why is this an issue?

Exploration: Car Leakage

» How will the hydrogen gas leak look like? (Draw below)

Oil leak Hydvogen gas leak

» Hydrogen gas is O\f%ﬁ‘ﬂ“'h O\QX‘&/\' . f

» Consider two scenarios: One with an oil leak, the other with a hydrogen gas leak.

CH34 [2.2] - Features of Electrolytic Cells - Workbook
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™~ 3‘
Discussion: How do we know if hydrogen gas is leaking? ﬁ

am A@t(cw
Why is hydrogen gas dangerous? .
2
Exploration: Why Else Is Hydrogen Gas Dangerous Then? | %‘ ‘

» Hydrogen Gas Danger: 4;[%’%\4(:‘.&,

» Hydrogen Gas Exploding in Air Video:

https://voutu.be/nLuOM9a0Wvk?si=0LC2nSIRpo-46RNw&t=45

Discussion: Why is hydrogen gas being flammable dangerous in a car?

Space for Personal Notes
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™~ %
Discussion: What safety precautions can be taken to help mitigate this risk? '%’M‘.

Safety Precaution

Execution

Ignition Protection

Yop a L 5\%@/\&%@

Removal of Combustible Vapours

well-yensiokd oree

.

Dangers of Hydrogen Gas

& Physical protection - Wear PPE.

» Hydrogen gas is colourless, odourless and tasteless.
& A gas detector is used to detect for its presence.
» Hydrogen gas is highly flammable and explosive.
& Ignition Protection - Keep away from ignition sources.
& Removal of combustible vapours - Use in well ventilated area.

& Storage Conditions - Store in cool and dry areas.

Definition

Space for Personal Notes
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Try a question/ .

Question 17
An aqueous solution of 1.0 M magnesium bromide is electrolysed using inert electrodes.

a. Write the half-equation for the reaction which takes place at the cathode.

%{) @( D + Qﬁf-% ‘H 1 ch’\)"t' ‘)_a/(m{\}

b. The electrolysis of this solution is considered to be dangerous. Explain why it is dangerous, and a safety
precaution which can be implemented to help mitigate this risk.

2 be,wot D Tanrdie
\ Oulec W\c,/\(hw\ SHULS

—_—

Space for Personal Notes
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0

Q
Sub-Section: Storage of Hydrogen Gas ®

Exploration: How is hydrogen gas stored?

» Hydrogen gas is stored in a gas tank as a \lqt(/\((*
» Why is hydrogen gas usually stored as a liquid?
¢ C roame yolme

¢ _Las B JtTman A

Scenario: Boiling point of hydrogen gas is very low (—250°C).

R

Issue: Hard to turn it into a liquid.

Method to turn H,(g) — Liquid without lowering the temp. to —250°C: h\“}f\/\ ?m

v Vv VY Y

Storage Pressure Conditions of H,(g): ~— ?O/D‘BO \F’P(/\

Storage of Hydrogen Gas Definition

» Hydrogen Gas is stored as liquid under high pressure.
» Reasoning:

¢ €N Yonspert

& Shi ede tn Gine Jolune .

Weve covered the safety and storage of hydrogen gas, '
but how is the hydrogen gas actually produced?
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Section D: Production of Hydrogen Gas
| )

Sub-Section: Introduction to Producing Hydrogen Gas o

Discussion: How Is Hydrogen Gas Produced?
v o £ efe |

> Com ;fwto/mvv\
_/

)

Context

» Production of Hydrogen is ranked on a scale:

Color Gv Blue TMV%OISQ/ Gveen
Hg.lrogu\ Hydvogen Hydvogen Hydvogen
SMR or gasification
Process with carbon captuve Pyrolysis Electvolysis

(85-95%)

Methane ov coal Methane mea!alm

Souvce % %

» Features which make it more green:

s oL

@ M or/\eQ/\R/\O&% ovisddeny
N N -

Space for Personal Notes
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Exploration: Steam Reforming

» Steam: ‘\’ \1015’/7

» Hydrogen Gas can be produced through steam reforming, using methane CH, (g):
1. Methane reacts with steam to produce hydrogen gas and carbon monoxide.

2. The carbon monoxide can further react to produce more hydrogen gas.

B \CO(gHHZO(g)O

O\ lok)‘fal

Discussion: What type of hygrogenN\s steam reforming?
v

[blue] / [turquoise] / [green] hydrogen

Steam Reforming

» Hydrogen Gas is stored as liquid under high pressure.

» Process:
CH,(g) + H,0(g) — CO(g) + H,(g)

CO(g) + H,0(g) — CO,(g) + Hz(g)
» Products: (:CQ/ Cégl

» Type of Hydrogeny{grey] / [blue]) [turquoise] / [green]

» Methane is currently obtained from fossil fuel, but work is done to obtain it from biogas.

Definition

Space for Personal Notes
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[

Sub-Section: Polymer Electrolyte Membrane (PEM) Electrolyser

Q
®

Context

» Green Hydrogen Methods in VCAA Study Design:

@ Artificial photosynthesis using a water oxidation and proton reduction catalyst system.

G{Folymer electrolyte membcrane e%ctrolysis powered by either photovoltaic (solar) or wind energy.
‘___“__/ ————

either photovoltaic (solar) or wind energy!

Let’s have a look at Polymer Electrolyte Membrane (PEM) Electrolyser powered b y.

Exploration: Polymer Electrolyte Membrane (PEM) Electrolyser

» The cell diagram is shown below:

PEM lectvolysis
e

+F_Anvo¢

C
H)‘cj\ -~ @2(5)
“'l'
P
.G' < H0¢)

Cathode  Membrane Anode

» Water in acidic conditions is inputted into the cell and is electrolysed.
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» Half-Equations:

Cathode Anode
(QW ccﬁ\’QQ«—\—j chy)%z/ — DEP ch% “ﬂeﬁz«t\’("‘?{
— N —

» Overall Reaction: k‘ \e (5 2_4Q’% 2/“ ng —+ Quf% .

» Products Produced: (Labe/ Above)
» Electrolyte Movement: (Label Above)

» The difference with this PEM electrolyser is that it uses a :2\\}9\ electrolyte.

» Electrode Properties: ey ‘
‘ ~

NOTE: The PEM cell has the same electrode properties as fuel cells. p/

Polymer Electrolyte Membrane Electrolysis Definition

» Energy Used: \lm\/@ M%

» Electrolyte: CQ\ M

» Electrodes: PICCY.

» Disadvantage: QSCP(AS\\R/
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PEM lectvolysis
- |+
'l
)
02
4, <<=
#,0
Cathode — - Anode
Membrane
» Reaction: Electrolysis of M?Z/N&W
Cathode Anode

%\'(;22” _Bﬁ’ 2O 92

m\ﬁ;ﬁm

» Overall Reaction: %’)@f(‘\_/i &@\’(‘ m’)é\)

Active Recall: What was the purpose of the membrane?

> oo jonc &wmséﬂ%qu Sountinelidac el

MMAP&M%D

12}

Space for Personal Notes
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How does it link to sustainability and green chemistry principles? .

Link PEM Electrolyser to Sustainability & Green Chemistry Principles Definition

» Sustainable Development Goals:

&

&

&

&

&

&

&

&

& Goal 2: Zero Hunger [Relevant] / [Not Relevant]
& Goal 6: Clean water and sanita}v? [Relevant] / [Not Relevant]
& Goal 7 Affonjble and clean energy [Relevant] / [Not Relevant]
& Goal 9: Industry, innovation and infrastructure [Relevant] / [Not Relevant]
& Goal 11: Sustainable cities and communities [Relevant] / [Not Relevant]
& Goal 12: Responsible consumption and production [Relevant] / [Not Relevant]
& Goal 13: Climate action %&AW[M’TA aﬂw“&u@ [Relevant] / [Not Relevant]
& Goal 14: Life Below water [Relevant] / [Not Relevant]

Goal 15: Life on land

» Green Chemistry Principles:

Atom Economy:

Catalysis:

Design for degradation:
Design for energy efficiency:
Designing safer chemicals:

Prevention of wastes:

Use of renewable feedstocks:

» Type of Economy:

[Relevant] / [Not Relevant]

[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]
[Relevant] / [Not Relevant]

[Circular] / [Linear]
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™~ 3‘
Discussion: What are the energy conversions in a PEM electrolyser using solar energy? &.

SDIOU\ > z,[(cq[/\((,/—> CW\@-A\

Space for Personal Notes
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(S0ONTOUREDUCATION

|
Sub-Section: Artificialihotosynthesis @

Now, let’s have a look at another green’ production method of hydrogen gas!

9
Exploration: Reactions _L?‘

» Electrolysis of Acidic Water:

© Half-Equations:

Anode

Cathode
A —
Ul ey Fle == oy e O e A
& OQverall Equation: %@A'\/E (9'7(\.\ /6(2()—‘7/1\

> Type of Energy Inputted: Instead of electrical energy, SO\O/\

energy is inputted instead!

» Sunlight is shone on to the left electrode, causing the water to oxidise.

il Vg

) oo
B 4™ v
" B e
il | B @ o
T -
| |
“Al{’—waﬁunz Ho\l‘f’—maﬁon:

1o o> Qugrbarcate M) F L»Hus)
» Energy Conversion: 30\0\[\“3 CI'W( U‘\,

» Energy Efficie / [Low]
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Link Artificial Photosynthesis to Green Chemistry Principles negion
» Green Chemistry Principles:

& Atom Economy: [Relevant] / [Not Relevant]

& Catalysis: [Relevant] / [Not Relevant]

& Design for degradation: [Relevant] / [Not Relevant]

& Design for energy efficiency: [Relevant] / [Not Relevant]

& Designing safer chemicals: [Relevant] / [Not Relevant]

& Prevention of wastes: [Relevant] / [Not Relevant]

& Use of renewable feedstocks: [Relevant] / [Not Relevant]

How does the solar energy cause electrolysis? .

Pé OtonS ) Definition

+
» Molecular Formula: H

Exploration: Natural Photosynthesis | %‘

» Reaction:
6C0,(g) H6H,0(l) » C¢H1204(aq) + 60,(g)
» Energy Used: LQO]d/\

Two Stages

» Stage #1.: Light-dependent stage - Energy from light is used to split water into oxygens and protons.
—_—

& Structural Formula Reaction:
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0+ \0/

H H
C
.P
o—o *
H —S«—q'(:’
H‘f
ut

G Half-Reaction: (24"2@ — OL’{‘QA’\’W%
.\

» Stage #2 Light-independent stage - Protons are combined with carbon dioxide to produce glucose.
-

How about artificial photosynthesis? .

Exploration: Artificial Photosynthesis

- J

» Context: Scientists have tried to replicate this biological process.
» Stage #1. Light-dependent stage - Using visible light to split water into oxygens and protons.

& Structural Formula Reaction:

& Half-Reaction: 2H,0(1) — 0,(g) + 4H* (aq) + 4e~

G Catalyst: _ W™ \{/\_U)dAO' hm CU(\U\\L}S\/
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t
» Stage #2: Light-independent stage - Protons are converted to ’\’\p_ molecules.

& Structural Formula Reaction:

K+ H <

H— H
G Half-Reaction: ZH&’EPZZ/A‘Q H’)‘
G Catalyst: W’m&wm (‘CQM\C)‘S(‘/

» Possible Setup #1:

—

—’ﬁ/&
%
\/

i 7
Semiconductor Photons o >
()=

6
6 \
b Water-oxidation
el Proton-vedaction
G Dok b
Oxidation: Reduction:
2‘“’20(') — 02(0) + 4"“’ (a) + 4o 2‘“‘ (a9 + 20 — HZ()

» Water-oxidation catalyst & Proton-reduction catalyst issues: &7()1’\0/\??\/7\'_)

» Possible Setups #2 & #3:

Possible Setup #2: Possible Setup #3:
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Reference electvode
(phd‘ou\ﬂ\o&w)

Elechrolyre

Light

Photoanode
(w»iwnAudw AANOWIVOS

Photocathode plus

plus oxidation mh\lgs*l‘)

/ veduction catalyst

Nanowires
&
4 ——

p —

N (ﬁu#vons

move Hwvoagh
Aanowives,

G

(M ions
move H\vougl\

membrare,

20,0 — 0, + 4, + 4o | T

E'(-«D + 20 — Hy,

Proton ('H*) conducting

membrane,

Artificial Photosynthesis Cell

» Artificial Photosynthesis Alternative Name:

“water oxidation and proton reduction catalyst system”

Definition

Semiconductor Photons

\

catalyst

) Photosensitiser

an—oxiclaﬁ&

#20 10)

Proton-veduction

catalyst

Oxidation:
2‘“20(') —-> 02@ + 4'“*.(’“‘) + 4o

» Energy Conversion: @(‘7’\/\ > CF\Q/V\

¥ Energy Efficiency: [High] / [Low]

Reduckion:
2‘“"‘-(”1) + 20 — “2@
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\h %‘8?

PEM Electrolyser vs Artificial Photosynthesis Cell

Similarities:
» Reaction: Electrolysis of Oodk, CJC(W

& Cathode: 2H* + 2e™ - H,

G Anode: 2H,0 > 0, + 4H* + 4e~

> energy Used:_Sdor (L PEM W)

> United Nations Sustainable Development Goals:
1. coal_T . Afpddeble ) cbemn - CWMC"W”HL.
2. Goal |3 Clirol acdion _ sdy/cim\ oreresalle
3 Goal b+ Cloan etk Yecuntedion) -

A > (Jo\kflsuﬁdw ! \ﬂ/irb Ofmondy é\jfwl'r ez et -

- kT s o

> Green chemistry principles: COf’)z(\jS\b

> Disadvantages:
& DS
@ kaﬁ&?ﬂfj/)

Differences:
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PEM Electrolyser

Artificial Photosynthesis

PEM electvolysis

-1 |+
1

Semiconductor
02
t, <==
Nnhx;oril‘l:ﬁ& Hz@
catalyss "o . - veducho
“20 k Photosensitiser =0 P ahu'\‘i'::js{'d" " /
Oxidation: ion:
Cathode — - Anode 21,05 SOyt 4 + 4o o+ 20— Wy
Membrane
Electrolyte: Electrolyte:
L
Golid, O

Energy Conversion:

Sdﬂﬁ —> QRCC&Y(YO\ —= clon

Energy Conversion:

Dlor—=2 Jwie)

Green Chemistry Principles:

Green Chemistry Principles:

p\}.&v\’%@? zf%)@

Space for Personal Notes
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Try some questions!
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Question 18 (7 marks)

Research is done into the production of hydrogen gas, whereby the water oxidation and proton reduction catalyst
system is sometimes referred to as ‘artificial photosynthesis’.

i. Explain why the term water oxidation is appropriate and support your answer with a relevant equation.
(1 mark)

Wole* idises. accainno ’@“wiﬁz

~J
LHO — O 4+ GHN Y
(N b)) )

ii. Explain why the term proton reduction is appropriate and support your answer with a relevant equation.
(1 mark)

gb’(Dng oe. i ios M cedne

W+ V">
CQ%) < (:7)

ﬁ tate one another product other than hydrogen which is produced during this process. (1 mark)

Offen ops

b. State one way in which this method of generating hydrogen gas is different from electrolysis using a
renewable energy source. (1 mark)

(7\)’/16/*’ W\?A) £O0 WQO/V\ SA[CA,P% choan

¢. Using two relevant sustainable development goals, state two major challenges associated with the widespread
use of artificial photosynthesis to produce hydrogen gas on a larger scale. Use item (26) (i) of the Data Book.
(2 marks)
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goal 6 - clean water and sanitation - issues with sourcing large amounts of pure water.
Goal 7 - while it is clean, the energy is not affordable right now as catalyst is expensive

d. Using a relevant sustainable development goal, state one major environmental benefit that this process could
have if it is adopted on a large scale. Use item (26) (i) of the Data Book. (1 mark)

Space for Personal Notes

Question 19 (4 marks)

The following diagram shows a polymer electrolyte membrane electrolysis cell (PEM) which is used to produced
hydrogen gas in a ‘green’ manner. This particular cell uses wind energy.
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I“O
—
;

N:E

onoJ

a. Label the electrolyte in the diagram above. (1 mark)

i. Label the left electrode as the cathode or anode in the box provided above. (1 mark)

ii. Write the half-reaction which occurs at the negative electrode. (1 mark)

O+ U >H

2—’ I\—\
1y )
c. State one disadvantage of a PEM electrolyser. (1 mark)

m‘m

Contour Check 1‘]
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O Learning Objective: [2.2.1] - Find electrolytic reactions in non-standard
conditions (molten & high concentration)

Study Design

“use and limitations of the electrochemical series to explain or predict the products of the electrolysis
of particular chemicals, given their state (molten liquid or in aqueous solution) and the electrode
materials used, including the writing of balanced equations (with states) for the reactions occurring at
the anode and cathode and the overall redox reaction for the cell”

Key Takeaways

0 High Concentration:

O Chloride ions at concentrations greater than >Q'8 M concentration become a
[stronger] / [weaker] reductant and [react] / [do not] react in preference to water.

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

0 Molten Concentration: \@V is not present, and the state of ions is \IL{U‘OJ\

O Learning Objective: [2.2.2] - Identify features
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of electrolytic cells & their purpose

Study Design

“the common design features and general operating principles of commercial electrolytic cells
(including, where practicable, the removal of products as they form), and the selection of suitable
electrode materials, the electrolyte (including its state) and any chemical additives that result in a

desired electrolysis product (details of specific cells not required)”

Key Takeaways

U, outet

ﬁ—>
1

Molten ® e m

soreen

NaCA oo® Liguid
- _ LLI L Na ﬂm

Na ouHet

AMRAARRRNAY

| LA
= 0
Veu Ml
[ [t

Cathode (=) Anode, (+)

, lalet for
NaCl
| —

Molten Electrolyte Purpose: rﬁmc"’%ﬂe&s WWYI{/‘('M MJJU
Iron at the cathode: CC(‘W‘OAL/ WY‘QW}VQ'W

p—

O O O 0O

Barrier within the cell:

o D(\vdwb c)wﬁp@r\ (e v o ek coriock
o otflews jons ib%g%\fx

0 Products constantly removed.

0o ()QOI\““P(C(Q)(
o Inprkeod

O Enclosed container: @l (7\0(3/\’\/ }/‘k/'ll'\l’“’"

Other Electrolytes (e.g., CaCl,) added: Peduce l\’%x‘hg «)QO\/\* .
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O Learning Objective: [2.2.3] - Identify key features, write reactions &
relate to sustainability & green chemistry principles regarding production
of green hydrogen (PEM & Artificial Photosynthesis)

Study Design

J

“the role of innovation in designing cells to meet society’s energy needs in terms of producing ‘green
hydrogen (including equations in acidic conditions) using the following methods:

O polymer electrolyte membrane electrolysis powered by either photovoltaic (solar) or wind energy;

O artificial photosynthesis using a water oxidation and proton reduction catalyst system”

Key Takeaways

\
0 Both PEM electrolyser & artificial photosynthesis involve electrolysis of O\L‘A(C WV .

0 PEM Electrolyser:

PEM electvolysis
Cathode - + Anode
Hy | — G

“4'
“—

= |

i C —— HZO(D
Cothode  Membrane Anode
Cathode Anode
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Q/ﬁ”;@{,%’/a HZ@)

2t Oy M4

O Energy Used: SD\W’/U\\(\}\

O Green Chemistry Principle: Cﬂ(\a\%t\

“200) — 02(’) + 4\“'(") + 4‘21‘
O Energy Conversion: 50\;1([%(}"!2/‘/‘\

J
O Artificial Photosynthesis:
o
—
Aﬂolw@ T
\ 3\2@ "2@'—T C«uﬂo&w@
’a V| ¥
—_—
— W
Sunlight +
ig L H E
T T S
Half—<quation: ﬂal?—equaﬁon:

2‘“’.@ + 2 - HZQ)

O Green Chemistry Principle: d@ij/\ 40(\@@5218&% /MBSV
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