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Section A: Compulsory Questions (47 Marks)

Sub-Section [1.6.1]: Apply Oxidation Numbers to Find Oxidant & Reductant ®

Question 1 (4 marks) )

Find the oxidation number for all elements in each of the following molecules:

a. C,H;COOH. (1 mark)

C (in CH3)
C (in CHy)

-3 C (in COOH) = +3
—2 0=-2H=+1

b. H,0. (1 mark)

H=+4+1,0=-2

c. 0,. (1 mark)

d. CH,. (1 mark)

C=—4H=+1
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Question 2 (4 marks)
Preesha is investigating the following chemical reaction:

CuO(s) + Hy(g) = Cu(s) + H,0(g)
a. Find the oxidation numbers for all atoms in the following molecules:

i. CuO. (1 mark)

Cu = +2

0=-2
ii. Cu. (1 mark)

Cu=0

b. Hence, determine and justify whether CuO is an oxidant or a reductant. (2 marks)

CuO is an oxidant (1). This is because the oxidation number of Copper in CuO
to Cu decreases from +2 to 0, meaning CuO has undergone reduction (2).

Space for Personal Notes

CH34 [1.6] - Introduction to Redox - Homework Solutions ‘ 3




G.ONTOUR EDUCATION VCE Chemistry % Questions? Message +61 440 137 304

Question 3 (4 marks) ))}

Micah is observing the following reaction occurring at school.

2Mn0, (aq) + 16H*(aq) + 101 (aq) — 2Mn**(aq) + 5I,(s) + 8H,0()

His friend explains that the oxidising agent in this reaction is MnO,~. Evaluate Micah’s friend’s statement, using
calculations as justification.

OxAdON N ~ereye g

ek 4R ordoon nuchee o
Mt ona e cePratrviad \70)“'&“
Mnﬁ‘.‘.' —_ % —vk—-i—*“a - -\

n= ~ X

Ane - X =+ 2%

Micah’s friend is correct (1). The manganese ions from MnO,~ to Mn?* have an oxidation number
decrease from +7 to 4+2 (2). This means that the MnO,~ has reduced and is the oxidising agent (3).
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8’ >
Sub-Section [1.6.2]: Apply KOHES to Write Balanced Half-Equations in @

Acidic & Basic Conditions

Question 4 (2 marks) )

Nitrate ions (NO5~) turn into nitrogen gas (N,) in a laboratory.

a. Write the half-equation in acidic conditions. (1 mark)

2N0,;~(aq) + 12H*(aq) + 10e™ - N,(g) + 6H,0(])

b. Write the half-equation in alkaline conditions. (1 mark)

10e” +[ 500 + PNOy(aq) - Na(g) + 120H(aq)

|
I

Question 5 (4 marks)

Complete the balanced half-equation for each of the following, and state whether it is a reduction or oxidation
reaction.

a. lIron (II) ions turning into iron solid. (1 mark)

| Fe’*(aq) + 2e- — Fe(s), reduction

b. AgNO; turning into silver solid. (1 mark)

Agilaq) + e — Ag(s), reduction |

CH34 [1.6] - Introduction to Redox - Homework Solutions ‘ 5




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

¢. Ethanol (CH;CH,OH) turning into ethanoic acid (CH;COOH). (1 mark)

IlH;D{l‘,II + C,HsOH(l) = CH;COOH(l) + 4H*(aq) + 4e", oxidation

d. Nitrogen dioxide (NO,) turning into nitrogen gas (N,). (1 mark)

8e™ + 8H"(aq) + 2N0,(aq) — N,(g) + 4H,0(1)

In acidic conditions, dichromate (Cr,0,%") can react and turn into chromium ions (Cr3+).

a. Write a balanced half-equation for this process. (1 mark)

Question 6 (4 marks) )})

—| 6e" + 14H*(aq) + Cr,0+*(aq) = 2Cr**(aq) + 7TH2O(1)

b. State whether this is an oxidation or reduction reaction and justify why. (2 marks)

1 Reduction reaction as there is a gain of electrons. Additionally the oxidation number of chromium goes [
from +6 to +3, indicating reduction has occurred.

c. Hence or otherwise, is Cr3* an oxidant or reductant? (1 mark)

Since Cr** was produced in a reduction reaction, this means when Cr'* reacts, it must undergo oxidation. Therefore
it 15 a reductant.
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8’ >
Sub-Section [1.6.3]: Apply KOHES to Write Balanced Half-Equations and @&

Overall Equations in Acidic & Basic Conditions

Question 7 (6 marks) )

Express the overall equation using the half equations provided.
a. Oxidation half-equation: (2 marks)
217 (aq) - I,(s) + 2e~
Reduction half-equation:

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

u 5 (21" (ag) — Lp(s) + 2¢7) —
_ 2 (MnOj (aq) + 8H" (aq) + 5e~ — Mn®" (aq) + 4H,0(1)) -

Now combine them: -

_ 1017(aq) | + 2MnOj (aqg) + 16H" (ag| - 12(&) + |2Mn*" (aq) + 8H,0(l) _

b. Oxidation half-equation: (2 marks)
Zn(s) - Zn?*(aq) + 2e”
Reduction half-equation:

Cu?*(aq) + 2e~ - Cu(s)

— « Oxidation: L
B Zn(s) — Zn*" (aq) + 2e~ -
» Reduction:
Cu®'(aq) + 2¢~ — Cu(s)
Both have the same number of electrons (2), so just add them directly:

Zn(s) + Cu®*(ag) — Zn*" (aq) + Cu(s)
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C.

Oxidation half-equation: (2 marks)

Reduction half-equation:

H,0,(aq) + 2e~ + 2H*(aq) - H,0(1)

H,0,(aq) — 0,(g) + 2e~

» Oxidation:

» Reduction:

Question 8 (3 marks)

Lead (1I) Pb?* can be formed from Lead solid, Pb, when reacted with permanganate ions (MnO,~). Mn?* ions are

Resulting in:

H,05(aq) + 2~ + 2H" (aq) — HxO(l)

Both have the same number of electrons (2), so just add them directly:

H203(aq) + 2~ + 2H" (aq) — H20(1)

2

Hy05(aq) — Os(g) + 2e

HzOQ(Gq) — Og(g) + 2e

Hy05(ag) — O3(g) + 2H,O(1)

formed in the process.

Write the balanced equation for:

a.

The oxidation reaction. (1 mark)

| Pb(s) » Pb**(aq) + 2 |

b. The reduction reaction. (1 mark)

C.

5e + 8H*(aq) + MnOy4(aq) —» Mn**(aq) + 4H,O(l) ||

The overall reaction. (1 mark)

5Pb(s) + 16H"(aq) + 2MnOy(aq) - 5Pb*"(aq) + 2Mn**(aq) + 8H,O(1)
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Question 9 (4 marks) ))}

Magnesium (Mg) can react with water (H,0) in an alkaline environment to form magnesium hydroxide (Mg(OH))
and hydrogen gas (Hy).

Write the balanced equation for:

a. The oxidation reaction. (1 mark)

Mg(s) — Mg?" (ag) + 2¢”

b. The reduction reaction. (1 mark)

2H,0(l) +2e~ — H (g) +20H (aq)

c. The overall reaction. (2 marks)

+ Oxidation reaction:

Mg(s) — Mg (ag) +2e

* Reduction reaction:

2H,0(1) +2e — H,(g) + 20H (aq)

Now, combine the two reactions by canceling out the electrons:

Mg(s) + 2H,0(l) — Mg(OH),(aq) + H,(g)
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8’ >
Sub-Section: The ‘Final Boss' [

Question 10 (12 marks) )})

Liam is experimenting with Potassium dichromate (K,Cr,0) reacting with ethanol (C;Hs0H), forming chromium
(TIT) ions and acetic acid (CHzCOOH) in a reaction vessel with a pH of 8.2.

a. His friend explains that the reducing agent in this reaction is K,Cr,0-. Evaluate Liam’s friend’s statement,
using calculations as justification. (4 marks)

OFABONRN marcleed -

ek #ok  grdolonnnucher of
Creutsioes wot Ve reprascriad Ly Yt

L o>
> ; 4 (kw-2) = -2
AW = N

b
c.t' — x=+0

W= AL

Liam’s friend is incorrect (1). The chromium ions of Crz07 to Cr** have an oxidation
number decrease from +6 to +3 (2). This means that the Cr207* has reduced and is the
oxidising agent (3).

b. Express the half-equations involving the following and state the type of reaction occurring.

i. Oxidant. (2 marks)

Cr,0,%7(aq) + 7H,0(1) + 6e~ - 2Cr3*(aq) + 140H™(aq)

ii. Reductant. (2 marks)

C,H;OH(aq) + 40H™(aq) » CH;COOH(aq) + 4e~ + 3H,0(aq)
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c. Write the complete reaction that Liam is observing. (2 marks)

» Oxidation half-equation (multiplied by 3):

3C,H:0H(aq) + 120H"(aq) — 3CH;COOH(aq) + 12e~ + 9H,0(1)

* | Reduction half equation (multiplied by 2)
2Cr,0,%7 (aq) + 14H,0(1) + 12e~ - 4Cr3*(aq) + 280H™(aq)

Now, we can add the two half-equations together:
2Cr,0,%7 (aq) + 3C,Hs0H(aq) + 5H,0(1) » 3CH;COOH(aq) + 4Cr3*(aq) + 160H™(aq)
d. Liam is also curious about the following reaction:

HNO3(aq) + KOH(aq) —» KNO3(aq) + H,0(1)

State and explain whether the above reaction is a redox reaction. (2 marks)

No, there is no change of oxidation numbers across any of the species. This reaction rather is an acid-bas
reaction.
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Section B: Supplementary Questions (43 Marks)

Sub-Section [1.6.1]): Apply Oxidation Numbers to Find Oxidant & Reductant®

Question 11 (4 marks) )

State the oxidation number for the element specified in the molecule/ion provided.

a. Oxidation number of Chromium in Cr0,%". (1 mark)

Cr=+6,0 =-2

b. Oxidation number of Sulphur in SO52". (1 mark)

S=+4,0=-2

c. Oxidation number of Phosphorus in H,PO,~. (1 mark)

P=+5H = +1,0 = -2

d. Oxidation number of Nitrogen in NO3™. (1 mark)

N = 450 = —2
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Question 12 (4 marks)
Natalie is investigating the following chemical reaction:

Zn0(s) + C(s) = Zn(s) + CO,(g)
a. Find the oxidation numbers for all atoms in the following molecules:

i. C. (1 mark)

ii. CO,. (1 mark)

)
Il

+4,0 = -2

b. Hence, determine and justify whether C (carbon) is a reductant or an oxidant. (2 marks)

C is a reductant (1). This is because the oxidation number of Carbon in C
to CO, increases from 0 to +4, meaning C has undergone oxidation (2).

Space for Personal Notes
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Question 13 (4 marks) ))}

Kanta is observing the following reaction occurring at school:
2Cr,0,°7(aq) + 14H*(aq) + 617(aq) — 2Cr**(aq) + 3I.(g) + 7H,0(D)

His friend explains that the reducing agent in this reaction is Cr,0,2". Evaluate Kanta’s friend’s statement, using
calculations as justification.

OrXABONGN, —arcioe s -

ek 4k gridolennurcher of
Cyr wos e Tepraerhied \Hs“u“

'I-"-,.—-'
C.pg_D-,\. 3 9 *"1‘-,;-..-":.\1—- .
L = -+ \ 2
> ==k
c'rrl-#

—ly XK= =2

Micah’s friend is incorrect (1). The chromium ions from Crz20+* to Cr®™ have an oxidation
number decrease from +6 to +3 (2). This means that the Cr20+* has reduced and is the
oxidising agent (3).

Question 14 ))) )

In an acidic solution, ascorbic acid (C¢HgO,) reacts with dichromate ions (Cr,0,%7), resulting in the formation of
chromium(III) ions (Cr3*) and dehydroascorbic acid (C¢HgOg).

Ce¢HgOg(aq) + Cr;0,%7(aq) + 8H*(aq) — CgHgO4(aq) + 2Cr3*(aq) + 4H,0(1)

A friend claims that C¢HgOy is the reducing agent in this reaction. Evaluate this claim, justify your response with
the relevant calculations.

OrAOONEEN  mparclyesd -

ey 4o gudoihet rvarcher of
Ckben V& Teprismad byt

c'i-“t'o"" - Ex s+ ¥ 5 (Sx-2)=0 —

= e

Y i
Ce¥eQ, 6%+ & % (6x-2) =0

=43

The friend is correct (1). The carbon oxidation number in CsHzOs to CeHgOg has an oxidation
number increase from +2 to +3 (2). This means that the CsHgOg has oxidised and 1s the
reducing agent (3).
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Sub-Section [1.6.2]: Apply KOHES to Write Balanced Half-Equations in @
Acidic & Basic Conditions

Question 15 (2 marks) )

Perchlorate ions (C10,7) turn into chlorine gas (Cl,) in a laboratory.

a. Write the half-equation in acidic conditions. (1 mark)

2C10,%7(aq) + 16H* + 14e~ - Cl,(g) + 8H,0(1)

b. Write the half-equation in alkaline conditions. (1 mark)

2C10,% (aq) + 8H,0(1) + 14e~ - Cl,(g) + 160H™(aq)

Question 16 (4 marks)

Complete the balanced half-equation for each of the following, and state whether it is a reduction or oxidation
reaction.

a. Copper (II) ions turning into copper solid. (1 mark)

Cu®*(aq) + 2e~ — Cu(s) (Reduction, Cu goes from +2 to 0.)

b. Silver oxide (Ag,0) turning into silver solid. (1 mark)

Ag,0(s) + 2e~ — 2Ag(s) + 0%~ (aq) (Reduction, Ag goes from +1to 0.)
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¢. Butanol (C4HsOH) turning into butanoic acid (C,Hg03). (1 mark)

C4HyOH — C,HgO, + 2e~ (Oxidation, C goes from —1 to +3.)

d. Nitrous oxide (N,0) turning into nitrogen gas (N_). (1 mark)

N,O — N, + O (Reduction, N goes from +1 t0 0.)

Question 17 (4 marks) ))}

In acidic conditions, potassium permanganate (KMnO,) can react and turn into manganese ions (Mn?*).

a. Write a balanced half-equation for this process. (1 mark)

MnO, (aq) + 8H " (aq) + 5e~ — Mn*'(aq) + 4H,O(l)

b. State whether this is an oxidation or reduction reaction and justify why. (2 marks)

» This is a reduction reaction because the oxidation number of manganese decreases.
» In MnO,", the oxidation number of manganese is +7, but in Mn?*, it is +2. Since the oxidation
number of manganese decreases, it means that MnQ,,~ is gaining electrons (reduction).

c. Hence or otherwise, is Mn?* an oxidant or reductant? (1 mark)

Mn?* is a reductant (reducing agent) because it has a low oxidation state of +2
and can easily donate electrons to other species (undergoing oxidation itself).
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Question 18 (4 marks) ))))

In acidic conditions, potassium dichromate (K,Cr,0-) reacts and turns into chromium(III) ions (Cr3*).

a. Write a balanced half-equation for the reduction of potassium dichromate to chromium(III) ions in acidic
conditions. (1 mark)

Cry0% (aq) + 14H" (aq) + 6e~ — 2Cr* " (aq) + TH,O(1)

b. State whether this is an oxidation or reduction reaction and justify why. (2 marks)

The oxidation number of chromium in dichromate (Cr» ng) is +6, while in chromium(lll)

ions (Cr3+), the oxidation number is +3.

Since the oxidation number of chromium decreases, it indicates that the chromium has

—1 gained electrons in the reaction (reduction). —

__| This is further evidenced by the presence of electrons on the left-hand side of the half-

equation, indicating a gain of electrons.

c. Hence or otherwise, is Cr3* an oxidant or reductant? (1 mark)

—1 Chromium(lll) ions (Cr®*) have an oxidation state of +3, which is relatively low. Therefore, |~

_| they can easily lose electrons to be oxidized to a higher oxidation state (e.g., Cr® or

CI‘Q Og_)

A species with a low oxidation state (like Cr*) is a good reducing agent because it can

donate electrons to other species and undergo oxidation itself.
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Sub-Section [1.6.3]: Apply KOHES to Write Balanced Half-Equations and @&
Overall Equations in Acidic & Basic Conditions

Question 19 (4 marks) )

Express the overall equation using the half-equations provided.
a. Oxidation half-equation: (2 marks)
Fe?*(aq) - Fe3*(aq) + e~
Reduction half-equation:

Cr,0,%"(aq) + 14H* (aq) + 6e~ — 2Cr3*(aq) + 7H,0(1)

« Oxidation:

Fe’"(ag) — Fe’' (ag) + e~

« Reduction:

Cr;05 (ag) + 14H' (ag) +6e~ — 2Cr* (ag) + 7TH,0(1)

Multiply the oxidation half-equation by 6 and the reduction half-equation by 1 to balance

lectrons:

6Fe2+(aq) >6F03A(ag) t Ge

Now combine:

6Fe”" (ag) + Cra0% (aq) + 14H (ag) — 6Fe*" (ag) + 2Cr*" (ag) + TH0()

b. Oxidation half-equation: (2 marks)
2Cl~(aq) = Cly(g) + 2e~
Reduction half-equation:

2H*(aq) + 2e~ = H,(g)

Space for Personal Notes
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Question 20 (4 marks)

Zinc(Il) Zn?* can be formed from Zinc solid, Zn, when reacted with dichromate ions (Cr,0,%7). Cr3* ions are
formed in the process.

Write the balanced equation for:

a. The oxidation reaction. (1 mark)

Zn(s) — Zn*" (aq) + 2e~

b. The reduction reaction. (1 mark)

Cr,0.* (aq) + 14H " (aq) + 6e~ — 2Cr*" (aq) + TH>0O(1)

c. The overall reaction. (2 marks)

—| Oxidation reaction (multiplied by 3): |
3Zn(s) — 3Zn*" (aq) + 6e”

_| Reduction reaction (no change):

Cr,0.% (ag) + 14H" (ag) + 6~ — 2Cr*' (ag) + TH,O(1)

Now, combine the two reactions:

3Zn(s) + Cr,0.% (aq) + 14H ' (aq) — 3Zn"" (aq) + 2Cr** (aq) + TH,O(1)

Space for Personal Notes
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Question 21 (4 marks) ))}

Sodium (Na) reacts with water in an alkaline environment to form sodium hydroxide and hydrogen gas.
Write the balanced equation for:

a. The oxidation reaction. (1 mark)

Na(s) —+ Na'(aq) + e~

b. The reduction reaction. (1 mark)

2H O(l) +2e — H (g) + 20H (aq)

c. The overall reaction. (2 marks)

+ Oxidation reaction:

Na(s) — Na"(aq) + e~

« Reduction reaction:

2H,0(1) +2e — H,(g) + 20H (aq)

Now, combine them:

2Na(s) + 2H,0(l) — 2NaOH(aq) + H,(g)

[ L Al
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Question 22 (5 marks) ))))

In the paper industry, bleaching is a crucial process to eliminate colour from pulp, ensuring the production of high-
quality paper. Chlorine or chlorine compounds are commonly used in redox reactions to oxidise and remove
impurities, enhancing the paper's brightness and quality.

a. Chlorine gas is used in a reaction with water. This purifies pulp and produces oxygen gas (0,) and
hypochlorous acid (HOCI).

Write a balanced equation for the:

i. Oxidation reaction. (1 mark)

—{ 2H:00) + Cl(g) - 2HOCl(ag) + 2H-(aq) + 2e]|—

ii. Reduction reaction. (1 mark)

iii. Overall reaction. (1 mark)

| SH,O(1) + 2Clx(g) — 4HOCl(aq) + 8H* + Ox(g)

b. Hydrochloric acid (HCI) is also often used as an alternative to using chlorine gas. HCI can undergo the
following reaction:

HCl(aq) + NaOH(aq) —» H,0(l) + NaCl(aq)

State and explain whether the above reaction is a redox reaction. (2 marks)

No, there is no change of oxidation numbers across any of the species. This reaction rather is an acid-base
reaction.
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