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(S4ONTOUREDUCATION VCE Cheristry %

Section A: Transesterification of Biodiesel

Sub-Section: Lipids (Fats & Qils)

Discussion: What are some examples of lipids (fats and oils)?

Ly

» Fats:

buxigs, onidd s

» Oils:
?NS /O('“;Q/ Smgbdef seed o'{\
a
Lipids (Fats & Qils) Definition

» Definition: Lipids are fats and oils, and can be found in humans and in food.

» Alternative Name: ’hﬁ]\\j'](ﬂ\dl/ ,

» Construct: From a a\qw\?k molecule along with three \@\‘H\/\ Odﬁ[y
IV J
Glycerol Degion
» The structure of glycerol can be found on page 22 of the databook.
H
H-C OH
H-C - OH
H-C OH
H
Glycerol G
» This name is too long and is simplified to just glycerol, C3HgO
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Fatty ACidS Definition
» Definition: Fatty acids are essentially carboxylic acids with \mf/\ carbon chains.

/\
& They are called fatty acids as they are the building blocks of the fat in our bodies and the food
that we eat (cover more of this later).

» Consider arachidic acid:

G\/\Moﬂ

» Arachidic Acid Polarity: [Polar] /([Non-Polar]

» Polarity Reasoning: While it contains a polar carboxyl group, it is non-polar overall due to its long
carbon chain.

» Data Book: Page 18.

Space for Personal Notes
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4

Exploration: Formation of Lipids/Triglycerides } '@*ﬁ Q&DI\)

» Consider glycerol and lauric acid, an esterification condensation reaction can occur.

H # H H # # # H H

H # # # H H H H R H

#-C - OH 0 H H H H H H H H H H
#-C - OH #—0-C—C—C—C—C-C—-C—C—C—C—C
H BOH OB OB R OH BB H
Glgmol

0O H H H # H H H # H H
-0-Cc—-C—-C—-C—C—-C—C—C—C—C—C

H H # # H H H# H H H

H

C—-C—-C-C-C—C-C-C—-C—C—H

H

H
C
H
H
C
H

i

H

H

%
SN g8 ' BH%D
Hat) e
Name Number of Linkages
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VCE Chemistry %

» Triglycerides look like this:

£ Q0% £ Q0 x| Q0%
£ Q0 F £ Q0 F [ 0 =
£ Q0% = Q0% | Q0=
£ Q0-F = QO-F | 0=
£ Q0% = 0% | 0-=*

» Overall Equation:

Esterification Reaction

H 0 # 0
B Co0H WP e H-C0-CCHCHCHCH,
— 0
)
Hoon+440%/0+‘20“20“20“s_)uoooonzonzouzo
0
RoC 0 R0 OH Ol Ol R, H-C—0-C—CHCH-CHCH,
H #
G|gwro| Faﬂ'g acid Tviglguwi.lo

", + 310

Water

NOTE: We see that the lipid which forms is also known as a triglyceride, which essentially consists ﬂ/

of the glycerol backbone, whereby three esters are connected to the glycerol backbone.

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

TIP: When drawing reactions with lipids, draw the hydroxyl groups facing each other.

Question 1 Walkthrough.

a. Draw the condensation reaction for the creation of a triglyceride from 2 palmitic acid chains and 1 linolenic
acid chain. — — -

\
'\{" é;,o/ﬁ H—O0— C){(/HD\%

| i
f— Lo+t Hor & AU, O

(
Ko C-0F ol oy (Oteetan), o

M C,’O o’@ﬁ\\c&ﬁj
hJ /0 ﬁ/{c«w\mj gﬁ?}D
L0 ﬁ-wq (oLt )
o linid f: find w that forms th
ﬂ( (O\Z)\\L/ /V\r‘““‘ Aan) /_@OO&V"‘“\
N BChipd)= 0.0 g
nLO\= M 0 0@ v Q0. 358 ¢ (
0

b. Given that the molarmass-efth
the lipid is formed.

NOTE: Don't forget that 1 Hvl//i? waters are the by-product, as there are three ester P/
linkages formed.

e
ALSO NOTE: Don't forget that the sulphuric acid (H,S0,) catalyst is still required!
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NOTE: When looking for the fatty acids, be sure to look carefully as some of them are spelt similar P/
to each other (e.g., linoleic vs linolenic or palmitic vs palmitoleic).

[

Misconception G

“ The ester bonds in the triglyceride look like one of the following:”

# 0 # 0
H-c—c—(CH), CH, H-C—C—0-—(CH), CH,
0 0

H-C g/ (ch), cH, & H-C 6, 0—(CH,), CH,

H-cC—c—(CH), CH, H-C—C—0-—(CH), CH,
# ,_H\
/ TRUTH:
H OWH #H H H #
H-cfo-cjc-Cc-C-C-C-H
H H H H H
O H H H H H
@« H—C-0-C-C-C-C-C-C-H
H H H H H
O H H H H #
KR—C—-0-C-C-C-C-C-C-H
H H #H HHH

Space for Personal Notes
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Your turn! .

Question 2

The triglyceride trilinolein is a component of some vegetable oils and has linoleic acid as the only long-chain fatty
acid component.

Complete the structure of trilinolein shown below.
Name of linkage: o
H /// \\\ )
! (O

HoC\ oo (CH) (CHCH—Cm),(CH,) CH,

Question 3

The structure below is a triglyceride.

0

Ko 0 C|(eH) cH
0

HC 0 C
. 0

Ho 0 Cq(Ch), CH,

The fatty acids used to make this triglyceride are:
\{ Arachidic acid, oleic acid and palmitoleic acid.
Arachidic acid, linoleic acid and palmitic acid.

C. Stearic acid, linoleic acid and palmitoleic acid.
@Iearic acid, oleic acid, and pw

CH34 [0.10] - AOS 1 Revision | - Workshop ‘ 8
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ﬂ{stion4 8&\\]0?/0\’{‘ 3%@’8 dcidy —

chain and 1 myristic acid chain.

©
]
M [ -0 Hro—< {Ch)g
| it
- (" o £ Heoo {d’@lg@”}
— & —o-H

i
W H/D}o—@@@%

6\(\7(’,@/\!\ M o
L% n—(—o ~£/€<ﬂ@@%

h& ® ,
fotie T ¢ et 3, 3o

(
- C—O HE ’(Q’Hl\l@—fl

Draw the condensation reaction for the creation of a triglyceride made from 1 arachidic acid chain, 1 stearic acid

.‘/\
E g

Question §

Draw the triglyceride which contains 2 linoleic acid and 1 arachidonic chain.

4 O
)
f— ¢ —0— C LoRCHPOChezor ()
) it

NOTE: Triglycerides can also be broken down from its triglyceride form into its glycerol and three
fatty acids backbone - just reverse the process. If A —» B, then B — A. (Process reversed.)

CH34 [0.10] - AOS 1 Revision | - Workshop

4

P

L




(S4ONTOUREDUCATION VCE Cheristry %
o
Sub-Section: Hydrolysis of Triglycerides 9

Hvdrolysis of Triglycerides Definition
» The opposite hydrolysis reaction can occur, whereby water is added to break the triglyceride down.
(/—\MJNIMSE Reaction
# # 0
OO0 O CH CH Ol Ch, L HC oW @D ¢ —chcimcirch,
')
uoooonzouzonzons+—> Hooo Wt RO CH CH Ol O,
0
H—C—0—C—CHCH;-CHCH, IR I A el e L
" #
Triglyceride Water Blyearol fatty acid
Exploration: Triglyceride Hydrolysis %

» How does the following triglyceride undergo hydrolysis?

0 H HHHHHHHAH
i Eoooooooooou
RC-0"  wonnn W HH

o, HEHHERHBRHE LUHLD

?C/C/C/OC/OC/C/C/OH
SHC-0T w N HHRHH

R EEEEE N
N #
c-C-C-C-C-C-C=c_|" #

7
Hoe0m phwwn oy
H #

» Catalyst (Not in Body): KO}&

NOTE: The acidic environment of the stomach also helps in hydrolysis! P/

CH34 [0.10] - AOS 1 Revision | - Workshop ‘1 0
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Sub-Section: Formation of Biodiesel

onefeno\
Exploration: Structiure of Biodiesel

VCE Chemistry %

fatty acid methyl ester (biodiesel)

» Biodiesel Source: Formed from plant and animal matter!

» Formation Reaction: ’m/\%sfmwhm reaction!

Space for Personal Notes
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What is the transesterification reaction? .

Exploration: Transesterification Reaction Cq/{oo?i?\

@ H
> Howlongiseachcr%'r‘/n?_’ /3 @

Main Chain Side Chain

o

» What is used to make the above biodiesel?

Carboxylic Acid Alcohol

hexonor Muéx /CGLVKD'K, C(M'(JL [V\Q)YQ/WW)\

CH34 [0.10] - AOS 1 Revision | - Workshop ‘1 2
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Ve Y )
he |\ \oell

» Where dowe get caproic acid from naturally?

p 1 H H K H H
HOOQGOOOOOH
Ho# u § u
D # H H W M
== C=—=C—=C—C
LR N
T T T
c—C—C—C—C

H# H H #
.

Reaction #1:

TeeQuet T

Space for Personal Notes
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a

Transesterification Reaction Overall Definition

» Biodiesel Formation:

» Transesterification reactions consist of two reactions put together:

& \/\\4(}1\5%@3& %W%w&b
G %ﬁw?\m

Reaction #1: Hydrolysis of Triglyceride
# 0 # 0
o0 O Gl O Ol Oy Wc 0 H g T s ey e
)
#-c—o-c—cHct-chc, T D > wc—oh + HTO-CchChCHoh,
0
B—C—0-C—CHCH;CHCH, #—c—0-@ B0 C CH CH, CH, CH,
" H
Triglyceride Water Glycerol fatty acid
Reaction #2: Esterification of Fatty Acid and Methanol
0 " 0 #
CH, M, CH, CH C O % 4+ # o0 c h U ucmocon chc0C B+ B
" . #
fatty acid Methanol fatty acid methyl ester (bio.liwsd) Water
s N\ Overall Reaction: Transesterif lﬁ:lon Reaction
Vi
T 1 WLV
Iy
HC o0 # 2o
.. TR
—> H-C 0" + 3% C 0-C CH CH, CH, CH,
\
HC oo H R
®
Glycerol fatty acid methyl ester (biodiesel)

A
» Catalysts/Conditions: Y—O'\/\
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How does the actual transesterification reaction look like? .

Exploration: General Transesterification Reaction

» Consider the general structure of a triglyceride which reacts with methanol.

- o

0
hoeo\l R
!
JT o
| /!
S - o- R
N

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

~

Question 6 Walkthrough.

The following triglyceride and ethanol are mixed together.

= (CH,),CH = CH(CH,)CH,

H—o—o\o (Ch,),ch —cH(ch ) ch, + 3CHO0H
0
G

SR o=k T )
H

a. Identify the fatty acids that the triglyceride is comW H T C/ C CQ V]
N [«
oleic (Xo‘/& A A

b. Draw the products when the following twé molecules are mixed.

o,

T k\d(c/o/q

[

NOTE: Biodiesel is typically a methyl ester or an ethyl ester, meanir‘ggxeither methanol or ethanol
can be used to synthesise it!

ALSO NOTE: Glycerol is produced as a by-product!

CH34 [0.10] - AOS 1 Revision | - Workshop
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First try distinguishing between reactions! .

Question 7

Identify the type of reaction which takes place in each of the following processes:

B
H—C R
) #
H—-C—0-—H 0
Ho’k &swsoul%%) C—0—H + 3CH~0—C+|R
H—C—0-—H
0 H
“C/OC/Raqﬁs}
o f
ronse sy Bection
J—
b.
it 0
Hoo\oﬂk
7
0 0
Hoo\c/k+3H20M> + 3R—~C—0—H

- ———

0
HOO\C/R

\/Mebokjsh

CH34 [0.10] - AOS 1 Revision | - Workshop ‘1 7
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e |

oo / condlnsi

d.
0 0
1,50, :
R—C—0—H + CHHOH —“—5  R—C—0—CHCH, + H0
@A%CQH\J/\\
NOTE: For esterification reactions, either KOH/NaOH or H,SO, (1) can be used, but usually /

KOH/NaOH is used for the production of biodiesel, whereas H,S0,(1) is used for regular’ esterification
reactions!

Space for Personal Notes
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Your turn! .

Question 8
Triglycerides can be used to form biodiesel.

a. Complete the equation below, which produces a methyl ester biodiesel from the following triglyceride.

b. Identify the type of reaction which takes place.
| < 13
W{&%@\Q@hm

CH34 [0.10] - AOS 1 Revision | - Workshop ‘1 9
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Question 9
Complete the transesterificatio i , which i rm a methyl ester biodiesel molecule.

! ( ¢ (’
( ,f-lg/((/c;&’@’r
( [ ] |

4o A 1

Space for Personal Notes
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Question 10 Additional Question.
Draw the transesterification reaction for the following triglyceride, which is used to form a methyl ester biodiesel
molecule.
H 0
H—c—0—C (Ch) (Ch CH-CH),(CH,) CH,
B-c 0 < (CH,) (CH,CH-CH) (CH,) CH, +  3CHOH
HoC 0 C(Ch),(CHH-CH),(CH) CH,
#
lm
0 CH,— OH
3CH, 0 C (CH),(CH.CH-CH),(CH) Ch, +  CH-OH
CH,— OH

Space for Personal Notes
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Section B: Average Bond Enthalpies (15 Marks)

Context

» The average bond enthalpies at 25°C are provided on page 9 of the databook.

Exploration: Average Bond Enthalpies and Energy Profile Diagram

» Consider an energy profile diagram:
G What is the tip of the energy profile diagram called? (Label/ Above.)
& What happens from reactants to tip? (Labe/ Above,)

& What happens from the tip to the products? (Labe/ Above.)

Y A ST Armastion ale
s predes
\ Ackivation energy
En*Hm‘pg Readtants =
(k\,/ Mol) relocise Wa
AH B
1 A \ Products
@ \

Progress of veaction
» What is the AH Formula? (Circle Below.)
AH = energy of bonds formed — energy of bonds broken

or

DA —  bresde— B

CH34 [0.10] - AOS 1 Revision | - Workshop ‘22
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Breaking/Forming Bonds During Reaction

Breaking Bonds

Definition

Forming Bonds

Energy is [absorbed] / [released].

Energy is [absorbed] / [released].

Enthalpy Sign: [positive] / [negative].

Enthalpy Sign: [positive] / [negative].

» Formula:

AH = energy of bondsbroken — energy of bonds formed

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

VCE Chemistry %

~

Question 11 (3 marks) Walkthrough.

reaction.

Step 2: A new bond between the C and OH is formed.

H

H

hresk

Step 1: The bond between the C and Br is broken, and Cf%( /\ 7% /o

Vo
H

H

Bromomethane can undergo a reaction with potassium hydroxide to produce methanol. There are two steps in this

T

H—C+8B —> K C®° — #—C—OH

H

Use item 10 of the Data Book to determine the theoretical AH associated with this reaction. (2 marks)

NA= (8 — (= 985S 3K

= 3 )

TIP: Draw the energy profile diagram for the reaction taking place.

NOTE: As the question has written ‘OH’ already, the bond between O — H does not have to be

formed!

Space for Personal Notes
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Exploration: Bond Enthalpy Conditions
» Bond Enthalpies are constructed, assuming there are no intermolecular forces.
» State of Matter with No Intermolecular Forces: [solid] / [liquid] { [gas]

» State of Water at SLC: [solid] / / [gas]

» Result: Bond enthalpies for water are for gaseous water, and must be converted to liquid!

/GOONTOUREDUCATION i f VCE Chemistry %

4

f}é“

» How can water gas be converted to water liquid at SLC? \&}V\(H\W* 0/{)/ V“]P(W“M

AH ,q,(H,0) = 44 =S

» To convert fro @ liquid process is: [endothermic] /

\

\ | quik—=>p S

Space for Personal Notes
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Question 12 (4 marks) Walkthrough. )/ C) - )r‘

mbustion of propan-1-ol. Use items 10 and 11 of the Data

a7 )

u/ ~—
S (=9
O

CaHaOH 20, —= (0, ) s
- ) | > -
Ho = O + DXCC PRt 4 (O R
PP Ly + DA £ RA 38 = G| Tl
4,00 = %»«amg/naa,a
HPCW\ G2 S
H‘r — HA O £ BKO—
= BYOYAERY — @SS
DA= ¥ ~Hip =450 - BEE AT \Vj//m\ D
U

— 1§76 — bydg— 2052 ) o)
/

NOTE: The actual heat of combustion of propan-1-ol is AH = —2021 kJ/mol - the databook values /
are the ‘average bond enthalpy’ and do not directly correspond to the actual heat of combustion!

Space for Personal Notes
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lr/‘/\

H @ Your Turn! C<Hlig.

= T g
Ho (—c G

Question 13 (4 marks) | (I (
A A ko

Write the thermochemical equation for the complete combustion of pentane. Use items 10 and 11 of the Data

Book.
-_—

Gt £60, —> S0 L6, NA=-3S25¢ KTl

-
Bo = LF\?C;'C,’F &KL/H—F KO=C
= el + (RHG A DR = (0TS

HP = \ORCZDO £ 1)Ko
= \Oro A+ N R 1S L

MNAT -2 3260 T ]
; D

— bYXYL T2
~31w~lm\§fﬂw) 7
C—

e

g ‘) \

Space for Personal Notes
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Question 14 (4 marks) Additional Question.

Methanediol has the following structure:

HO oH

C

Y

H H

Write the thermochemical equation for the complete combustion of methanediol at SLC. Use items 10 and 11 of
the Data Book.

CH40 (1) + 05(g) — CO4(g) + 2H,0(1) AH = —716 kJ mol™?

Hy=[2C—H+2C—0+20—H]+0=0= (2 x 346 + 2 x 358 + 2 x 463) + 498 = 2832 kJ /mol
Hp=2c=0+4D—H=2x304+4x463=345ﬂ%

AH = Hg — Hp = 2832 — 3460 = —628 kJ /mol
AH = —628 — 2 X AH,,,(H,0) = —628 — 2 x 44 = —716 kJ /mol

Space for Personal Notes
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Section C: Ramping Up (11 Marks) q e
INSTRUCTION: 11 Marks. 8 Minutes Writing.
Question 15 (3 marks)
Tick whether the following statements are true or false.
Statement True False

a. Crude oil is obtained through mining/digging up land.

b. Biogas is comprised purely of methane sourced renewably.

c. Biodiesel comes from the lipids of biological organisms.

d. Natural gas is obtained by drilling under the seabed.

e. Coal is comprised purely of Carbon.

f. Bioethanol requires yeast to ferment carbohydrates found in crops.

Question 16 (1 mark)

Write the balanced equation to show how humans obtain energy from food.

A D(&WJ

s gelsa @D
). e, S T )
J
Space for Personal Notes 1. CO\C{ W\dﬂj
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Question 17 (7 marks)

Aditi finds an unknown fuel in her cupboard and immediately gets a burning desire to figure out its identity. To do
s0, she constructs the following set-up, using oil instead of water.

Thermometer

Steel can

Qil

TripoA

Spivit burner
fael

The information she researched, as well as the data she obtained, is summarised below:

Density of oil 0.703 g/mL
Volume of oil used 250 mL
Specific heat capacity of oil 1.67]/g/K
AT (oil) 10.0°C
The initial mass of the spirit burner 158.80 g
The final mass of the spirit burner 158.59 g

a. Calculate the energy absorbed by the oil, in kJ. (2 marks)

g =mcAT = 0.703x250x1.67%10.0 = 2.935 kJ

CH34 [0.10] - AOS 1 Revision | - Workshop ‘30
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b. When Aditi found the fuel in her cupboard, she remembers seeing a note saying that 0.11 mol of the fuel
produces 0.33 mol of water.

i. After conducting the experiment, if she collects 245 mg of water, calculate the amount of fuel in mol,
which must have reacted. (1 mark)

n(H,0) = m/M = 0.245/18.0 = 0.0136 mol
n(fuel) = 1/3 x n(H,0) = 0.0045 mol

ii. Hence, assuming all of the heat was transferred to the oil, calculate the experimental molar heat of
combustion of the fuel. (1 mark)

AH = g/n = 2.935/0.0045= -646.9 kJ/mol

iii. Using your answer to part b. i., and using the information in the table above, calculate the molar mass of
the fuel to 2 significant figures. (1 mark)

M (fuel) = Am/n = (158.80-158.59)/0.0045 = 46 g/mol

c. The experiment is known to be inaccurate due to heat loss. Propose an appropriate modification to the
experiment, which will increase the accuracy of the experiment. Explain your reasoning. (2 marks)

I\rlrl Lidtothe

toal e
Adaateto-the steercan:

Thiswill mini mlse heat |oss through the top of the can,

the true val ue, Ieadlng to amore accurate answer and thus part c I, -
will now be commensurate with the fuel being ethanol.

Let’s take a BREAK! .
CH34 [0.10] - AOS 1 Revision | - Workshop ‘31




| —d

(S4ONTOUREDUCATION VCE Cheristry %

Section D: VCAA-Level Questions | (9 Marks)

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

Question 18 (9 marks)

Elson sets up a calorimeter to determine the energy content of a protein bar. His set-up is Depicted below.

protein bar’s energy content. (2 marks)

a. Outline two potential reasons why Elson chose to use a calorimeter instead of a spirit burner to determine a

luch more accurate as there is less heat |0ss due to: Insulation;

\nd/or easier to set up/safer.

Direct reaction within water rather than there being a gap between the fuel and water which adds to heat |oss

CH34 [0.10] - AOS 1 Revision | - Workshop
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VCE Chemistry %

30.4°C.

A\

CEERIN=

Calculate the bar’s energy content in kJ/g. (3 marks)

-

Jo-4-1%o
- 20437.¢ Jl°C
2 -4 Lj/"(:

- 4.52_ X (10-4-1%.0)°c

o
- Co4-¢S Ly
e e PR -ngmlj
m 50

b. Elson then calibrates the calorimeter by passing a current of 25.00 A and a potential difference of 1.133 V
through the electric heater for 5 hours, causing the temperature in the thermometer to rise from 28.0°C to

He then allows the calorimeter to cool, places his 30 g protein bar in the calorimeter, and coincidentally,
observes the same temperature rise from 28.0°C to 30.4°C.

~

CH34 [0.10] - AOS 1 Revision | - Workshop
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i. If, during calibration, there was heat loss, explain how this would have affected the calibration factor
obtained. (1 mark)

Heat loss — not all E was absorbed — lesser AT — higher CF as CF = E/AT.

ii. If there was heat loss only in the second half of the experiment when the protein bar was reacted, explain
how this would have affected the magnitude of the energy content calculated. (1 mark)

Heat loss — not all E was absorbed — lesser AT — smaller EC asEC = E/m and E = CFxAT.

iii. Hence, justify whether there was heat loss in this calorimeter if the expected energy content is 17 kJ /g
given that the bar is mostly protein. (2 marks)

We got the expected value so it is tempting to say no hezat loss,
but it |s |mp033| bI e to teII |f there was heat Ioss as both cal [ bratlon and the second half had the same

the effects C cancel one another out (given same T iand T_f).
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Section E: VCAA-Level Questions Il (8 Marks)

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

Question 19 (8 marks)

A reaction between a magnesium ribbon and hydrochloric acid is shown below and occurs at standard laboratory
conditions.

Balloon

i. Calculate the mass of the magnesium strip which was reacted. (2 marks)

V\LHL\\ -y \fm e %M\ = 0.10F6m0)

ﬂ(/‘/\q\’" Nt N\N= O, \ Ao\
I”(Mu\/MMS‘/ O LED [%%@m\[

—
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ii.

MgCl, (aq) + H,(g) > Mg(s) + 2HCl (aq) AH = 4’[00(3 gW\ \

iz g = 9 o - o R

TG

-~ g%ﬁf%&b
iii. Given t eleased when forming the products, draw the energy profile diagram for:

MgCl, (aq) + H,(g) —» Mg(s) + 2HCI (aq)

Be sure to label the reactants, products, their enthalpies, the change in enthalpy, and the magnitude of the
activation energy. (3 marks)

N

/
1200" —

O\

g 2l

10501
7S
1007

gy (V)

7501

000t

MNA= 5T

4501

Chemical ener

i1

o] T

WV

onngss of Reacdtion

b. Explain why the AH value is calculated in part b. ii., does not match the value found in the Data Book for the
heat of combustion for hydrogen in Item 13. (1 mark)

et roachin
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Section F: Extension Questions (10 Marks)

o=
2% )

Question 20 (10 marks)

A comparison between methane produced from waste containers and bioethanol produced from carrots is to be
compared. %
p \3 \O\OJC(_S

a. Explain how methane is produced from waste con@ners and justify why it is renewable. (2 marks)

) efhane. xorom waske o8 1< Ob\a\/\écp\ bd) O/QM}O?u
FQS,‘Q}@@O[\ ‘04 ba&k/\o{ Ok Oanid u)q%\r( M/\J/\ CoN [/)C

relneod [m Doyl P(bcé)gfs WM o MQMMM
R (Dreasbl.

b. Write the equation to show how bioethanol is produced from carrots. (1 mark)

(X000 Yl 26500 40 (0
(013 f)

2

c. The energy content from each fuel is also compared.

i. Given that biogas contains 65.0% methane by mass and the remainder carbon dioxide, find the heat of
combustion of biogas in kf/g. (1 mark)

M (ot )\= 3706y — 8I0E] _ <5 LT e,
ed |t -

—J =
“RO2LT]
ii. Compare which fuel has a higher heat of combustion in kJ/g, justifying the reasoning for this difference.

(2 marks)

DA B \= 2404 ‘FS
AA waaqg\ 6 (ZJKY/O\
b@% hos W{A@/\ %@(WE rcwb«g}\@w as

QWW\ oot \MJMJ
T
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l/kin

VCE Chemistry %

d. The density of bioethanol i§ 0.790 g/mL,)A container is ﬁlleqlL/ th bioethanol. The container of
bioethanol is combusted to rel€aseemergy.
BHE2T

Calculate the amount of thermal energy released when this bioethanol is co

N OHON=dx\[= 0390 gml K29 1 =250y

W7
mbuZed. (2 marks)

a (GHOR Y= Nexim= Qo[;?ffqulQ%L qgogg |5

=R
P————

answer. (2 marks)

Ripehons) , @ WVags K o

e. If the container was filled with biogas at SLC instead, would it release more or less energy? Justify your

=

@Ccoa/)\i& e L (e \%\V Sapmd_ omov\’ro

qzu
J

N

el

- 1N (\k,\m \/Olsz ow wa»‘c}\ [OQKS)C//]]%&"HA \(ss b/@qc\

( . P@ﬁ@\+ Q»A’I"‘\b \65 M\j rleused

o erlosicd
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Website: contoureducation.com.au | Phone; 1800 888 300 | Email: hello@contoureducation.com.au

VCE Chemistry %
Free 1-on-1 Consults

What Are 1-on-1 Consults?

Who Runs Them? Experienced Contour tutors (45 + raw scores and 99 + ATARs).
Who Can Join? Fully enrolled Contour students.

What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!
Price? Completely free!

\ A AL AA

SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

When Are They? 30-minute 1-on-1 help sessions, after-school weekdays, and all-day weekends.

One Active Booking Per Subject: Must attend your current consultation before scheduling the next. :)

3

Booking Link

bit.ly/contour-chemistry-consult-2025
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