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Chapter 6
Energy from Combustion

What are fuels and how much energy is released when they are burned?

How is electricity generated?

What are the environmental implications of obtaining and using fossil fuels?

What are the benefits and overall sustainability of using biofuels?
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Reflect

What Does It Take?
Watch the opening chapter video and answer the following questions.

a. Imagine you are going to take a road trip across the United States. from New York City to Los Angeles.
The distance of this trip is 4460 km and the vehicle you will use gets 30 miles per gallon of gasoline.
Now much gasoline would you need for this trip?

b. Now, imagine that the car you are using has the capability of also using an alternative, renewable fuel
such as biodiesel or ethanol. However. using ethanol is less efficient than using gasoline. In other
words. when using ethanol, you can achieve only 20 miles per gallon. How many gallons of ethanol
would you need to cover your entire trip?

c. Currently, the ethanol used for fuel is predominantly made from corn. Assume it takes 26.1 pounds of
corn to make 1 gallon of ethanol, and 1 acre of land to produce 7110 pounds of corn. How much land is
needed to produce sufficient fuel for your trip?

Chapter 6 video



http://www.acs.org/content/acs/en/education/resources/undergraduate/chemistryincontext/interactives/energy-from-combustion/chapter-opening.html
https://www.acs.org/content/acs/en/education/resources/undergraduate/chemistryincontext/interactives/energy-from-combustion/chapter-opening.html

What Are Fuels?

Fuels are any solid, liquid, or gas that may be combusted to produce heat or work.

Fossil fuels were formed millions of years ago from decaying plant matter.

Partial decomposition with heat and pressure produces coal and petroleum.

Plants gain energy from the sun and store it as glucose through photosynthesis:

6CO, +6H,0+2800 kJ - C.H,,0, + 60,
* Energy is released through metabolism:

CH,,0,+60, - 6CO, +6H,0+2800kJ

 Decay and combustion have same overall reaction as metabolism.



Combustion

There are three requirements to generate a fire: a source of heat, a fuel,
and an oxidizer:

Fuel + Oxidizer —** s Products

The majority of fuels are hydrocarbons.

» Hydrocarbons are compounds made
of only hydrogen and carbon atoms.

Heat



Hydrocarbons

Carbon forms four bonds in hydrocarbon
molecules.

« Total of eight shared electrons.

« Sometimes these involve double or
triple bonds.

A hydrocarbon can be represented in
many different ways:

o Structural formulas are Lewis structures
with all bonds drawn.

 Condensed structural formulas don’t
show all bonds.

CH;CH,CH,CHj

H;C-CH,-CH,-CH,



Hydrocarbon Names

Your Turn 6.5 Mother Eats Peanut Butter

Many generations of chemistry students have used the memory aid “mother eats peanut
butter” to remember meth-, eth-, prop-, but-. Use this, or another memory aid of your
choice, to tell how many carbon atoms are in each of these compounds.

a. Ethanol (a component of adult beverages and a gasoline additive).

b. Methylene chloride (a component of paint strippers and a possible indoor air pollutant).
c. Propane (the major component in liquid petroleum gas, LPG).



Hydrocarbon Names .

Copyright © McGraw-Hill Education. Permission required for reproduction or display.

Table 6.1 Names of Hydrocarbons Based on the Number of Carbon Atoms
Chemical Number of Compound Chemical Number of Compound
Formula Carbon Atoms Name Formula Carbon Atoms Name

CHa 1 Methane CeH1a 6 Hexane

CoHg 2 Ethane CsHq6 7 Heptane

CsHg 3 Propane CgHyg 8 Octane

CsHqo 4 Butane CoHyg 9 Nonane

CsHyo 5 Pentane CioH2o 10 Decane




Hydrocarbon Combustion

Combustion involves fuel and oxygen as reactants, and carbon dioxide
and water as products:

2CH,y,, +130,, =8C0O,, +10H,0

The actual combustion of a fuel is never this simple:

* Fuels contain a variety of different hydrocarbons, as well as other
compounds of sulfur.

« At high temperatures, nitrogen from the atmosphere also reacts with
oxygen to produce nitrogen oxides.



Your Turn .

Your Turn 6.6 Practice with Combustion Reactions

For each of the fuels below, write the balanced combustion
reaction.

a. Glucose, sugar (CzH,,0).
b. Methane, natural gas (CH,).
c. Butane, fuel in lighters (C,H,,).

Hint: Go back to Section 2.11 for information on balancing
equations.



What is Energy?

Energy is the capacity to do work

Potential Energy is energy due to
position or composition

Kinetic Energy is energy due to
movement

Work is movement against a force:

work = force x distance

Atomic-interactions

©Ingram Publishing/SuperStock


https://phet.colorado.edu/en/simulation/atomic-interactions

Heat versus Temperature

Heat is energy that flows from a hotter to a colder object.

Temperature is a measure of the average kinetic energy
of the atoms and/or molecules.

How Do We Tell Temperature?

© Sc
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https://www.acs.org/content/acs/en/pressroom/reactions/videos/2017/how-do-we-tell-temperature.html

Units of Energy

The joule (J) is the Sl unit of measurement for Nutrition Facts
energy. Servingsze 273 cup (559
Amount per serving
« 1 Jis the amount of energy required to raise a Calories 230
100 g object 1 m against the force of gravity. o
L:;:::t:::;:ﬁmu 0%
Another unit of energy often used is the calorie Dicry Fir dg T
(cal). ],m[t[:;::l}g Og Added Sugars 20%
+ 1 calorie is the amount of heat required to Caiam 260ms I

raise the temperature of 1 g of water by 1 "C.

Some conversions:
1 calorie =4.184 J
1 kilocalories (kcal) = 1000 calories (cal) = 1 Cal (dietary calorie)

Food and Drug Administration



Your Turn.

Your Turn 6.9 Energy Calculations

a. A slice of pizza contains 217 kcal (217 Cal). Express this value in
Kilojoules.

b. Calculate the number of 1-kg books you could lift to a shelf 2 m off the
floor with the amount of energy from metabolizing one slice of pizza.

Your Turn 6.10 Checking Assumptions

A simplifying assumption was made in doing the calculations in part b of
the preceding activity.

a. What was the assumption, and is it reasonable?

b. Based on this assumption, is your answer too high or too low? Explain
your reasoning.



A Contextual Comparison of Energies

Energy (J)

1 0—1 2

10712

10718

102

|

Energy needed to heat the entire volume of water on Earth by 1 °C

Energy content of | barrel of oil

Energy consumed by a 100 W lightbulb in 5 hours of use

Energy stored in a AA alkaline battery

Energy required to lift an apple (100 g) to a height of 1 meter

»

Energy of UVB radiation that will cause redness of skin if left unprotected

Energy needed to depress a keyboard key

Energy needed to ignite a mixture of methane and air

Kinetic energy of a flying mosquito

Energy required for a computer chip to perform a
simple mathematical operation suchas 2.3 + 1.4

10t

Energy required to separate a proton from a neutron in an atomic nucleus

Energy content of a single sugar (glucose) molecule

Energy of a photon of visible light

Average kinetic energy of an oxygen molecule at 25 °C



What Else is Special About Water?

- Specific heat (1.00 cal/g °C) — a lot of energy

e 5
required to change the temperature; moist air 1 «® )
’f PP ¥ ¢ @ R AP ey |
stores heat energy. " ® . o<
o @l W@ -
* Heat of fusion — released when the liquid ’ o A d :‘"i ¢
freezes to a solid; spray crops to prevent B T Y * e A
freezing. : \ st ol -Oiig
. s e Bic .
» Heat of vaporization — released when the gas b‘ o "t“" N ftO
condenses into a liquid; huge temperature R ¢ e d L
swing during a thunderstorm. L ¢ o SaK N
o L e ., 95 ¢ @0
* Energy is required to break the intermolecular ¢ L Tegeg ’?‘/‘-t.'.'u";., - ©=H
. N E ‘ : R ‘/ ' covalent bond
hydrogen bonds during a phase change. @ - ‘g

hydrogen bond



Measuring Energy Changes: Calorimetry

Electrical leads

« A calorimeter is used to measure the for igniting sample
. . Thermometer
quantity of heat energy released in a
combustion reaction.

« The heat of combustion is the quantity of
heat given off when a specified amount of
a substance burns in oxygen.

« Heats of combustion are reported in units
of energy per mole or per gram.

* If you test a reaction that releases heat,
the temperature of the water will increase.

Calorimetry - American Chemical Society (acs.orq)

Stirrer

Oxygen inlet
Water

-—— [nsulated container

Fuse wire in contact
with sample

Cup holding sample

Reaction chamber (bomb)


https://www.acs.org/education/resources/undergraduate/chemistryincontext/interactives/energy-from-combustion/calorimetry.html

Exothermic Reactions

« Burning a fuel can be compared to
water flowing from the top of a
waterfall. Both undergo a conversion
from potential to kinetic energy.

 When energy is released during the
course of a reaction, it is said to be an
exothermic reaction.

« The combustion of methane gas (CH,)
releases 802.3 kd/mol of energy. This
is equivalent to 50.1 kJ/g:

802.3kJ leoleCH4
ImoleCH, 16.0gCH,

Energy of reactants

CHy(g) +2 O,(g)
(1 mol) (2 mol)

Energy difference = —802.3 kJ
(heat released)

Energy of products CO,(g) + 2 H,O(g)
(1 mol) (2 mol)

=50.1kJ/gCH,

©lngram Publishing/SuperStock




Not All Fuels Are Equal!

methane
CH,+20, octane
CgH g + 25/2 O,
coal ethanol
C+0 '
2 C,H;OH + 3 O,
E diff ‘ ‘ ‘ ‘
ner{i};O 11 E}‘?nce Energy difference wood (glucose)
=—44.4kl/g Energy difference Energy difference CeHi1206 + 6 O
Energy difference
=—-14.1kl/g
+
CO, + 2 H,O 8 CO, + 9 H,O 2CO,+3H,0 6CO,+ 6H,0

Due to differences in their chemical composition, the combustion of different fuels will release different amounts
of heat energy.

The fuels with the highest heats of combustion are hydrocarbons.
» As the ratio of hydrogen-to-carbon decreases, the heat of combustion decreases.

» As the amount of oxygen in the fuel increases, the heat of combustion decreases.



Endothermic versus Exothermic Reactions

Some reactions are endothermic which absorb enerqy.

* Photosynthesis is an endothermic reaction.

Endothermic Reaction

Energyproducts> Energyreactants

Net energy change is positive

Energy is absorbed

System Surroundings
(Chemical Reaction)

| Heat/Energy

— |

Endothermic

(a)

Exothermic Reaction

Energyproducts< Energyreactants

Net energy change is negative

Energy is released

System
(Chemical Reaction)

Surroundings

O Heat/Energy

|

Exothermic
(h)



Energy Changes at the Molecular Level

Energy changes are due to breaking and forming bonds.
» Breaking bonds requires energy.

* Forming bonds releases energy.

Net change in energy dictates if a reaction is endothermic or exothermic.

Bond energy is the amount of energy that must be absorbed to break a
chemical bond.

« Breaking bonds ALWAYS requires energy.



Bond Energies

Table 6.2 Covalent Bond Energies (in kJ/mol)
H C N (o] S F Cl Br |

Single Bonds
H 436
C 416 356
N 291 285 160
O 467 236 201 146
5 347 273 — — 226
F 566 485 272 190 326 158
Cl 431 327 193 205 255 255 242
Br 366 JHG - 234 213 — 217 193
| 299 213 — 201 — — 209 180 151

Multiple Bonds

c=C 598 C=N 616 C=0" 803
=C 813 = 866 C=0 1073
=N 418 O0=0 498

N=N 946

4 €0y,



Combustion of Hydrogen

S

2H—H + O

Bonds Energy

per Molesin Moles of Bond per
Molecule Molecule Reaction Bonds Process Bond Total Energy

H—H 1 5 1x2=2 breaking +436kJ 2x(+436kJ)=+872kJ

H-O-H 2 2 2x2=4 forming —467 kJ 4 x(—467 kJ) =—-1868 kJ




Combustion of Hydrogen

Energy (kJ)

+1500
4H+ 20
Breaking 1 mol
of O=0O bonds |
4H+ O,
I Breaking 2 mol Forming 4 mol
+500 4 of H—H bonds of H—O bonds
=2 X (+436 kJ) | =4 x (467 K))
= +872 k] =-1868 kJ
0 2H, + O,
(reactants) Net energy
change
= —498 kJ
2 H,0
=00 (product)

—-1000




Combustion of Propane

C3H8(g) + SOz(g) — 3C02(g) + 4H20(g)
Bonds broken
8C—H=8x416=3328 kJ
50=0=5%x498=2490 kJ
2C—C=2x356=712 kJ C-H 416 kJ/mol
Total Energy required = +6530 kJ O=0 498
C-C 356
Bonds made
C=0 803
6C=0=6x803=4818 kJ H-0O 467

8O0-H=8x467=3736 kJ

Total Energy generated = -8554 kJ
Overall = -2024 kJ



Your Turn.

Your Turn 6.14 Heat of Combustion for Ethyne

Use the bond energies in Table 6.2 to calculate the heat of
combustion for ethyne, C,H, also commonly referred to as
acetylene. Report your answer both in kd/mol C,H, and kJ/g
C,H,. Here is the balanced chemical equation:

YH—C=C—H + 50=0— 40=0=0 + 2,0,

Hint: The coefficient for acetylene In the chemical equation
Is 2. Heat of combustion is for 1 mole.



Fossil Fuels and Electricity

Steam —

Electricity

Boiler

Warm water —>

(

Condenser

Body of
water

_ =— Cooling water

2000000000 ( Smm—7| o, R s

Burner Pump
Potential energy Burner _ Kinetic Turbine _ Mechanical Generator _ Electrical
energy energy fctic

(fuel molecules)




Fossil Fuels and Electricity

Photos from a small coal-

fired electric power plant

(a) Piles of coal

(b) A row of boilers

(c) Behind the blue door

(d) Coal burning on the
boiler bed




Power Plant Efficiency .

* No electric power plant can completely convert one type of energy into
another:

Net efficiency ( %) _ electrllcial et:r;ergy fPr(iduced <100
eat from fue

« Some of the energy is transferred into useless heat.

* In general, the higher the temperature of the steam, the more efficient
the power plant.

Energy skate park basics



https://phet.colorado.edu/sims/html/energy-skate-park-basics/latest/energy-skate-park-basics_en.html

Power Plant Efficiency .

« Maximum theoretical efficiency is a function of the highest and lowest
temperatures (need to make steam and then condense it).

» Overall efficiency is the product of the individual efficiency terms.

Theoretical 95 to 65% e
Boiler 90% |
Turbine 715%

Generator 95%

Transmission  90%

Overall 32 1t0 37.5%

MidAmerican Energy Coal-Fueled Power Plant

Cars and trucks: 15%


https://www.youtube.com/watch?v=2IKECt4Y3RI
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Coal: An Ancient Fuel Source

Coal consumption (million tonnes oil equivalent)

4500

Asia Pacific
In the US, wood was used as the major s00p | | M Africa
. y [ Middle East
source of energy until the 1960’s when B Russian Federation
coal became the largest source 3500 - { M Europe
B S. & Cent. America
 Today, 92% of all US coal sopp | L North Americe
consumption is due to electrical
power generation. 25001

 Asia Pacific countries are the largest
users of coal worldwide, followed by
North America and Europe. 1500 -

2000

« Drawbacks include: mine safety,
environmental harm by mining and
combustion. 500

1000

I I I | |
1992 1997 2002 2007 2012 2017

Source: BP Statistical Review of World Energy, June 2018



Your Turn.

Your Turn 6.20 Coal Calculations

a. Assuming the composition of coal can be approximated by the
formula C,35He;0gNS, calculate the mass of carbon (in tons) in 1.5
million tons of coal. This quantity of coal might be burned by a
typical power plant in 1 year.

b. Compute the amount of energy (in kJ) released by burning this
mass of coal. Assume the process releases 30 kJ/g of coal. Useful
conversion factors: 1 ton = 2000 Ib and 1 pound = 454 g.

c. What mass of CO, would be formed by the complete
combustion of 1.5 million tons of this coal?

Hint: In the balanced chemical equation, assume a mole ratio of
coal:CO, of 1:135.



The Shift to Petroleum

Copyright © McGraw-Hill Education. Permission required for reproduction or display.
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A

The shift from coal to oil occurred

in the mid-1950’s, brought on by
the Texas oil boom.

e

-

1950 marked the first year that
petroleum surpassed coal as the
©Courtesy of Texas Energy Museum

major energy source in the US.



The Shift to Petroleum

Energy consumption (quadrillion kJ)
45
40
35 -
30 -
20

20 - -

e
10 A ]

5 ’tﬁﬁ(’/—/
U | I I I I | | | I | I I

| |
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

— Petroleum — Natural gas
— Coal — Nuclear electric power

—— Renewable energy




Table 1.3 Primary Energy Consumption by Source
Quadrillion Btu
50

40

30

20 .. -’,d’\‘-

0 = T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020
— Coal Consumption =— Natural Gas Consumption (Excluding Supplemental Gaseous Fuels)
— Petroleum Consumption (Excluding Biofuels) Nuclear Electric Power Consumption
— Total Renewable Energy Consumption
€la’ Data source: U.S. Energy Information Administration

US Enerqgy Information Agency’s interactive data browser page for energy consumption

A EMEIA | e-LE2HAl E (index.go.kr) keei.re.kr/keei/kidspage 2021/sub01 02 02.html



https://www.eia.gov/totalenergy/data/browser/index.php?tbl=T01.03#/?f=A
https://www.index.go.kr/unity/potal/main/EachDtlPageDetail.do?idx_cd=1339
https://www.keei.re.kr/keei/kidspage_2021/sub01_02_02.html

Oil Production: How long can this continue?

Copyright © McGraw-Hill Education. Permission required for reproduction or display.

B 200-297 bn bbl
M 150-200 bn bbl
= 100-150 bn bbl
= 30-100 bn bbl
~ 10-30 bn bbl
" 5-10 bn bbl
1 1-5 bn bbl

0—1 bn bbl

Worldwide proven oil reserves as of 2017

©Doug Sherman/Geofile



Oil Production: How long can this continue?

Million barrels per day Million barrels per day
106 , 7
104 i Forecast L&
102 | -5
100 | — 4
98 - l -3
96 - | L5
94 i - 1
92 : 0
00 e | |
B8 - | )
86 1 1 1 T T ] I 1 1 T T 1T T T T 1 ; [ —3
2013 2014 2015 2016 2017 2018 2019

QI-Q4 QI-Q4 QI-Q4 QI-Q4 QI-Q4 QI-Q4 QI-Q4

Implied stock change and balance (right axis)

— World production (left axis)
— World consumption (left axis)

Source: EIA ©Doug Sherman/Geofile



Squeezing Oil from Rock

Qil is not found in underground pools, but within the pores of geologic rock
formations such as sandstone.

Once oil is extracted from oil-rich rock formations, such as reservoirs, more
expensive and time-consuming methods must be used.

« Examples include using pressurized water or carbon dioxide to push oil to the
surface.

S Power station/
| N === industrial facility

e s
T CO; replaces methane
trapped in coal

Coal seam

T Enhanced oil recovery
(CO;, displaces oil)

 Saline reservoir g ST
. e €O, stored in saline formation <——



Natural Gas:
Fracking

Roughly 200 A pumper truck

tanker trucks injects a mix of Natural gas flows out of well.

deliver water for sand, water, and Ko b e e e el ez - Storage

the fracturing chemicals into 1 Recovered water is stored in open tanks

. . . process the wall | pits, then taken to a treatment plant. Natural :
: - L atural gas is

Fracking is used to obtain natural gas i — : St
or petroleum from hard rock o - I

GFeer A Nrr s PSS

formations such as shale.

| Sand keeps
issures open

Shale

* Dirill down 1 to 3 miles beneath the

Fissure

’ Natural gas .
Earth’s surface. ik Mixture of
fi - water, sand,
g § Well 4nd chemical

into well

» Fracking fluid containing a variety of
substances is injected under
pressure to create cracks into which
natural gas and oil can flow.

agents

Highly controversial: questions about
water quality; destabilized rock
formation leading to increased seismic s shals o= g ap

Vi by the pressure inside
activity. it |

Well turns —
Marcellus Shale horizontal




How do we obtain useful petroleum products from
crude oil?

Crude oil is a mixture of several thousand compounds, with the majority
being hydrocarbons composed of 5 to 12 carbon atoms per molecule.

« Alkanes are hydrocarbons with single bonds between carbon atoms.
» Alkenes feature at least one double bond.

» Alkynes have at least one triple bond.

Hydrocarbons use prefixes and suffixes to identify the compound.

* Prefixes denote the number of carbon atoms: meth-, eth-, prop-, but-,
pent-, hex-, hept-, oct-, non-, dec-

« Suffixes identify the presence or absence of multiple bonds: -ane, -
ene, -yne.



Table 6.3 Selected Alkanes (Gases and Liquids)

Name and Boiling Point
Chemical Formula (physical state at 25 °C) Structural Formula Condensed Structural Formula
i
Methane —-161 °C
H—=C—H CH
CH, (gas) | '
H
H H
Ethane -89 °C .y
18 ===}l CH,CH
CaHg (gas) | | e
H H
| P|I
Propane —42°C
H=C 2 G Can H CH,CH,CH
CsHs (gas) [ ST
H H H
T
n-Butane —Q:5°C
G —{C—(@—(g—15! CH3CH,CH,CH
CaHig (gas) I 1 T
H H H H
Tl
n-Pentane 2606
L 5= —HE—€ —(C—{C —iil CH5;CH,CH,CH,CH
C5H12 (|IC]UId) | | | | | 2 2 2 z 2
H H H H H
T
n-Hexane ?9 _C H—C—C—C—C—C—C—H CH3CH,CH,CH,CH,CH3
CeHia (liquid) | | | | | ]
H H H H H H
Cr L
fA-Heptane 9,8 .C H=0"-000201 00 CS 0T CH5;CH,CH,CH,CH,CHLCH4
CyHq6 (liquid) | | I | | I |
H H H H H
H H H H H H H H
5 o R A I (R
n-Octane 125 °C H—C—C—C—C—C—C—C—C—H  CH3CH,CH,CH,CH,CH,CH,CH;
Cathis (liquid) T T T N

H H H H H H H H

Note: n-butane, n-pentane, n-hexane, n-heptane, and n-octane all have other structural forms, known as isomers (see Section 6.13). The n stands for normal,
the straight-chain isomer.



Boiling Points

The volatility of a liquid refers to how easily it is transformed into a gas.

Intermolecular forces known as London dispersion forces are broken between liquid
molecules during vaporization of hydrocarbons.

« The stronger the forces, the higher the boiling point.

o © &) -] 34.6 OC\/ Normal / 100 Oi/
800 boiling point
© S, 760
o T3 ®C
S )
(a) £ 600 -
% Ethanol o
2 (CH5CH,OH) (1,0)
&
= 400 -
© © 2. .
5— §+--c-5— © 5+ 3 Diethyl ether
© o (CH;CH,OCH,CHj)
S) 200
© © Ethylene glycol
(b) (HOCH,CH,OH)
- L 0 ] T T T I
London dispersion 0 50 i o i i
intermolecular

. Temperature (°C)
force



Oil Refineries

Photo of a crude oil refinery showing the tall distillation towers.

©Keith Wood/Corbis



Oil Refineries: Distillation

Hydrocarbons will have different
volatilities and boiling points due to
differing strengths of their
intermolecular forces.

Distillation is used to separate crude
oil into its components

 The boiler heats the oil,
vaporizing most of it.

« Vapors condense at different
temperatures on the distillation
tower and are collected.

Crude oil

Refinery gases

Gasoline

Jet fuel

Decreasing temperature

Diesel

Refinery gases

||

. Cracker Gasal

| } asoline
oo 3 £

Industrial fuel
Lubricants

>Cy

Asphalt

EEEETIRITFXRT)

Distillation tower

Source: McGraw-Hill Education



Oil Use

Over 87% of each barrel (42 gallons) is used for transportation and
heating.

~<—] Other products 6 gal

<—] Liquified refinery gas (LRG) 2 gal
Heavy fuel oil 1 gal

Jet fuel 4 gal

Ultra-low sulfur diesel and home
heating oil 12 gal

~<— Gasoline 20 gal

Source: U.S. Energy Information Administration, 2018.



Cracking

« To meet the large demand for gasoline, the higher-boiling fractions are
cracked into smaller molecules by heating them to a high temperature
(thermal cracking).

« Catalytic cracking uses a catalyst to lower the temperature required
for cracking.

0000000006666, 1000

16H34 1 1H22 CSHI 2




Reforming

Catalytic reforming involves the rearrangement of atoms within a molecule, usually starting with a linear
molecule and producing one with branches.

Molecules with the same molecular formula but different structures are known as isomers.
* Molecules with linear structures have stronger London dispersion forces and higher boiling points.

« Abranched hydrocarbon known as iso-octane is used as a gasoline additive to prevent engine knocking.

T

CH,CH,CH,CH,CH,CH,CH,CH, CH3<|3CH:CHCH3

CH; CH;

Rotatable model of n-octane in
MolView

Rotatable model of iso-octane in
MolView



https://embed.molview.org/v1/?mode=balls&cid=356
https://embed.molview.org/v1/?mode=balls&cid=10907

Reforming

Methane Ethane Propane n-Butane 2,2-Dimethylpropane n-Pentane
16 g/mol 30 g/mol 44 g/mol 58 g/mol (neopentane) 72 g/mol, 36.1 °C
-161.5 °C —88.6 °C —42.1°C —0.5°C 72 g/mol, 9.5 °C

(a) Increasing mass and boiling point (b) Increasing surface area and boiling point



Gasoline Octane Ratings

Engine knocking is caused by the composition of gasoline.

* Lower engine efficiency, higher fuel consumption, and engine damage.

Octane rating was developed to indicate gasoline quality related to knocking.

The Chemistry of Petrol

Table 6.4 Octane Ratings of Several Compounds
Additives are used to

Rty increase octane ratings

« Tetraethyl lead (toxic).

n-octane -20
n-heptane 0 - MTBE.
iso-octane 100 « Ethanol.
methanol (CH;OH) 109

ethanol (CH;CH,OH) 109

methyl tertiary-butyl ether (MTBE,
CH3;0C(CH;),)


https://www.compoundchem.com/2016/05/17/petrol/

How do petrol and diesel fuel vehicles?

Petrol and diesel: What's the difference?

gty 33.7
MEGAJOULES

35-200°C PER LITRE
e~ s 36,9

MEGA JOULES

250-300°C L 10-15 carbons JTIYT) (T3

Petrol and diesel are obtained by fractional
distillation of crude oil. Dieselis removed from
crude oil at a higher boiling point, and contains a
larger amount of energy per litre, meaning more
miles can be covered with the same volume of fuel.

How do engines work?

/Sparkplug )
_’-'i -r.i.— —i.— —.i...’-.'
‘3

Fuelin . *_. AL

A 7
Piston
0 (2)

In the engine, a mixture of air and fuel is
compressed and burned. Combustion forces the
piston down, then the piston pushes back up to
expel exhaust gases and the cycle begins again. In
diesel engines, the fuelis injected after the air has
been compressed, before combustion.

www.compoundchem.com

A\ COMPOUND
@ INTEREST

Engine knocking and unleaded petrol

Engine knocking happens when the combustion
of the fuel doesn't occurin sync with the engine
cycle, causing lower engine efficiency and engine
damage. Octane ratings measure how well fuel
avoids this problem; higher values indicate less
knocking. Isooctane and n-heptane are references.

KEY: @) Carbon @) Oxygen () Lead - Hydrogen

%% %
="

Ak

Octane rating: 0 Octane rating: 100

Compounds can be added to petrol to boost its
octane rating. Tetraethyl lead was one of these, but
is now banned in most countries as it releases toxic
lead fumes. Alternative anti-knocking agents used

in unleaded petrol include methyl tertiary-butyl
ether (MTBE), ethanol, benzene, and toluene.
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Tetraethyl lead

© Andy Brunning/Compound Interest 2023 | Creative Commons Attribution-NonCommercial-NoDerivatives licence.




Catalysts

The energy needed to initiate a
chemical reaction is known as the
activation energy.

A catalyst lowers the activation
energy for a reaction by providing an
alternative pathway.

« Causes the reaction to proceed
faster than an uncatalyzed
process.

* The Fischer-Tropsch catalysis
reaction is used to convert coal

into gasoline.

Energy —

Uncatalyzed reaction

I Catalyzed reaction
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Fischer-Tropsch Process

The Fischer-Tropsch (FT) process, originally developed by Franz Fischer and Hans Tropsch in
early 1920s, is a series of chemical reactions that involve the conversion of hydrogen and
carbon monoxide into liquid hydrocarbons by using a catalyst

(2n+1) H, + n CO - C H 3,4 + n H,0

Syntroleum Core Technology Overview: The Fischer-Tropsch Process %tmnn
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- Syntroleum is a leading synthetic fuels company with flexible, proven Fischer-Tropsch [FT) technology
- 160+ patents and patent applicafions

(4) The Fischer-Tropsch reaction - YouTube



https://www.youtube.com/watch?v=44OU4JxEK4k




Biofuels: From Brewery to Fuel Tank

Biofuels are renewable fuels derived from a biological source such as trees, grasses, or agricultural crops.
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Ethanol

Ethanol is an alcohol, with an —OH functional group.

» To obtain ethanol from corn, a “soup” of corn kernels and water is mixed with
enzymes that catalyze the breakdown of starch to make glucose.

« Fermentation converts the glucose into ethanol which is purified by distillation.

« Ethanol can also come from plants containing cellulose such as cornstalks,
switchgrass, wood chips, and other materials inedible by humans.
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Oxygenated Fuels

Oxygenated fuels such as ethanol contain a lower amount of energy per amount burned than the
hydrocarbons found in gasoline.

« Ethanol (C,H;OH) releases 1,240 kJ/mol of energy.
« Octane (CgH,g) releases 5,060 kd/mol of energy.

Car engines cannot run on ethanol by itself, so gasoline blends are used, which often
contain 10% ethanol.
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Biodiesel

Biodiesel is generated from fats and oils (called triglycerides), such as waste
cooking oil.

Biodiesel molecules contain a hydrocarbon chain with 16 to 20 carbon atoms.
» The chains usually contain at least one C=C double bond.
» Biodiesel molecules also contain oxygen as an ester functional group.

» Glycerol is a byproduct of biodiesel production, which can be used in its own
applications or converted to other alcohols.

I
H,C C
’ ~
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\ 2116 216
Nedll ﬁ/ \‘“S’/ ““‘5/ \“‘“C|./ CH, + 3 CH,0H M9, 3 CH,(CH,),(COCH; + H—(li—c|:—f|:—H
O O OH OH OH

3d Model of Triglyceride - American Chemical Society (acs.orq)



https://www.acs.org/education/resources/undergraduate/chemistryincontext/interactives/energy-from-combustion/3d-model-of-triglyceride.html

Biodiesel

Collected cooking oil B20 biodiesel: a mixture of 80% petroleum
diesel and 20% biodisel

Biodiesel - American Chemical Society (acs.orq)



https://www.acs.org/education/resources/undergraduate/chemistryincontext/interactives/energy-from-combustion/biodiesel.html

Renewable Energies

Nuclear power Modern

renewables Biomass/geothermal/
' 2.2% 10.4% solagr heat
4.1%

Hydropower
3.7%

“=mmy Wind/solar/biomass
Sy geothermal power
Biofuels 1.7%

0.9%

Fossil fuels
79.5%

Traditional
biomass
7.8%

Traditional biomass includes wood, garbage, agricultural waste, and animal dung.

Source: Renewable Energy Policy Network for the 21st Century (2018), Renewables 2018: Global Status Report, Paris, REN21 Secretariat.



Table 6.5 Ethical Principles to Apply to Current and Future Use of Biofuels

1. Biofuels development should not be at the expense of peoples’ essential rights (including
access to sufficient food and water, health rights, work rights, and land entitlements).

2. Biofuels should be environmentally sustainable.

3. Biofuels should contribute to a net reduction of total greenhouse gas emissions and not
exacerbate global climate change.

4. Biofuels should develop in accordance with trade principles that are fair and
recognize the rights of people to just reward (including labor rights and intellectual
property rights).

5. Costs and benefits of biofuels should be distributed in an equitable way.

6. If the first five principles are respected and if biofuels can play a crucial role in mitigating
dangerous climate change, then depending on additional key considerations, there is a
duty to develop such biofuels. These additional key considerations are absolute cost,
alternative energy sources, opportunity costs, the existing degree of uncertainty,
irreversibility, degree of participation, and the notion of proportionate governance.

Source: Nuffield Council on Bioethics, Biofuels: Ethical Issues 2011, 84



Are Biofuels Really Sustainable?

Biofuels are potentially more carbon-neutral since they were derived from modern-day crops,
grasses and trees.

« Carbon released on combustion is partially offset by the carbon these plants once absorbed via
photosynthesis.

Hard to gauge the net reduction in carbon dioxide emissions for biofuels:
« Direct and indirect changes in the use of land.
» Waste products from biofuel production.

« How much energy was required to produce the biodiesel, including that used to plant and harvest
the crop, produce fertilizers, and water the crops.



Your Turn 6.36 Palm Oil, Biodiesel, and Ethics

Are there ethical issues with biodiesel that need attention? In 2008, an Oxfam report noted:

The big losers from the rich countries’ biofuel boom are poor people at risk from spiraling food prices,
and a ‘scramble to supply’ that places their land rights, labor rights, and human rights under threat.

Use palm oil as a case study. It is produced in many parts of world, including Indonesia and Malaysia

A plantation of young palm trees in Malaysia A palm oil plant in Malaysia

Palm oil isn't as bad as you think (youtube.com)



https://www.youtube.com/watch?v=tTSLzEJnYIw

Your Turn The Problem with Biofuels

What are the key challenges associated with the production and utilization of biofuels, as explained in the
YouTube video?
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https://www.youtube.com/watch?v=0OpEB6hCpIGM https://www.youtube.com/watch?v=I9ar|2e5bkw



Example topics that you can delve into further...

Explore the environmental issues associated with coal-fired power plants.
|dentify alternative uses of coal beyond its role as a fuel.

Examine advancements in technology for extracting oil from rock

Define shale gas and analyze its economic and environmental impacts.
Define oil sands and discuss their global reserves. Explain how oil sands
can be utilized.

Discuss the challenges and future outlook of bio-derived ethanol as a fuel
source.

/. Explain the process of producing biodiesel and assess its viability as an
alternative fuel source.
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