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walaupun langkah berjaga-jaga sudah diambil.
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INTRODUCTION

SYNOPSIS

This e-Book revolves around chemistry in
hydrocarbon compounds namely alkanes and
alkenes in the petrochemical industry in particular
and the chemical, petroleum and process industries
in general.

E-Book users will be exposed to the characteristics,
uses, reactions and processes that occur for alkanes
and alkenes in the petrochemical industry. Through
this e-Book, users can not only understand and
master alkanes and alkenes but they can also apply
the knowledge they gain in their daily lives..

SINOPSIS

e-Book ini berkisarkan kepada kimia dalam sebatian
hidrokarbon iaitu alkana dan alkena dalam industri
petrokimia khususnya dan industri kimia, petroleum
dan proses secara amnya.

Pengguna e-Book akan didedahkan dengan ciri-ciri,
kegunaan, tindak balas serta proses-proses yang
berlaku untuk alkana dan alkena di dalam industri
petrokimia. Melalui e-Book ini, pengguna bukan
sahaja dapat memahami serta menguasai alkana
dan alkena malah  mereka juga  dapat
mengaplikasikan pengetahuan yang mereka peroleh
di dalam kehidupan seharian.



Donald
Anak Juan

AUTHOR'S PROFILE

Authors background

The author is a graduate engineer (IEM), background of
Chemical and Process Engineering before further studies
in Chemical Engineering (Bioprocess). The author also has
four years of industrial working experiences in one of

Malaysia’s leading petrochemical company.

@ Education @ Experience

2004-2007 Lecturer, 2015-Present

UITM SARAWAK « Appointed as a Lecturer of Diploma in

Diploma in Science (Biology and Chemistry) Process Engineering (Petrochemical),
Politeknik Kuching Sarawak since 2015.

¢ Manage portfolio such as Pengerusi

2007-20M Kurikulum DPE (2022-present),

UITM SHAH ALAM Penyelaras YES (2022-present),

Bachelor of Engineering (Hons.) Chemical and Process Penyelaras Latihan Staf (2022-present),
Penyelaras Akreditasi (2022-2023) and
Penyelaras CQI (2022-2023).

2019-2021

¢ Responsible as the course coordinator

UNIVERSITI KEBANGSAAN MALAYSIA

Master of Engineering (Chemical) - Bioprocess

for courses such as Chemistry of
Petrochemical Processes (2021 -
present), Piping and Instrumentation
Diagram (2015-2019), and Heat Transfer
Contact (2016-2017).
¢ Teach other courses such as Applied
Q‘\ 019-8066707 Chemistry, Process Engineering Lab 2 & 3,
and Final Year Project (Project1& 2).
[®] donald_juan@poliku.edu.my

9 Politeknik Kuching Sarawak



Juraiman

bin Abd
Rahman

AUTHOR'S PROFILE

Authors background

The author hold a Bachelor of Chemical Technology, with a
qualification on ensuring operational safety and regulatory
compliance, he have experience in implementing and
optimizing safety protocols within the department. In
parallel, he have cultivated a dynamic skill set in software

development over the past four years. This skills in

software has enabled him to bridge technical knowledge

with background in chemical technology and safety.

@ Education @ Experience

2012-2015 Lecturer, 2020-Present
UNIVERSITI KEBANGSAAN MALAYSIA

e Appointed as a Diploma in Process
Bachelor of Chemical Technol
chelor of Chemic echnology Engineering (Petrochemical) (DPE)

Lecturer, Politeknik Kuching Sarawak in
2020.

Contact e Manage portfolios such as Safety and

Health Coordinator (DPE) (2021-2022),

Q‘\ 012-3361213 and Chemistry Lab Supervisor (2020-

. . t).
(*] nuraiman@poliku.edu.my present)
e Teach courses such as Applied

Q 1Politeknik Kuching Sarawak Chemistry, Chemistry Lab and Chemistry

of Petrochemical Processes.



@ Education

2007-20M
UNIVERSITI PUTRA MALAYSIA

Bachelor of Engineering (Chemical)

2020-2023
UNIVERSITI MALAYSIA SARAWAK

Master of Engineering (Chemical)

Contact

. 010-9768536
(*] hafizahnaihi@poliku.edu.my

9 1Politeknik Kuching Sarawak

Hafizah

binti Naihi

AUTHOR'S PROFILE

Authors background

The author is a graduate engineer (BEM) with a
background in Chemical Engineering. The author
also has three and a half years of industrial

working experience in manufacturing.

@ Experience

Lecturer, 2015-Present

e Appointed as a Diploma in Process
Engineering (Petrochemical) (DPE)
Lecturer, Politeknik Kuching Sarawak in
2015.

¢ Manage portfolios such as Head of
Programme (DPE) (2024-present), and
Student Project Coordinator (2015-2024).

e Teach courses such as Petrochemical
Production Processes, Mass and Energy
Balance, Thermodynamics, Wastewater

Engineering, and Utility Plant.



m I. PARAFFINIC HYDROCARBONS
h Introduction n
Alkanes 13
z Cycloalkanes 22
Physical Characteristics 27
m Chemical Characteristics 29
—
z Il. INTERACTIVE ACTIVITIES 1
Video 34
o Quizzes 35
u I1l. OLEFINIC HYDROCARBONS
Introduction 38
m Alkenes 39
o Cycloalkenes 47
Physical Characteristics 54
m Chemical Characteristics 56
]
m IV. INTERACTIVE ACTIVITIES 2
Video 59
< Quizzes 60
[—
V. REFERENCES & SOFTCOPY
References 62
eBook Softcopy 63

CHEMISTRY OF PETROCHEMICAL
PROCESSES, VOL. 1



CHEMISTRY OF
PETROCHEMICAL
PROCESSES, VOL. 1

Chapten I

Parattinic
Hydrocarbons



CHEMISTRY OF PETROCHEMICAL PROCESSES, VOL. 1 ®@ ﬁ

INTRODUCTION OF
PARAFFINIC HYDROCARBONS

e Natural gas and petroleum contain a large amount
of paraffin.

e Paraffinic hydrocarbons are better known as
alkanes.

e Any of the saturated hydrocarbons with the general
formula CnH2n+2, where C is a carbon atom, H is a
hydrogen atom, and n is an integer, is referred to as
a paraffin hydrocarbon.

e Paraffins containing fewer than 5 carbon atoms per
molecule are usually gaseous at room temperature,
those having 5 to 15 carbon atoms are usually
liquids, and the straight-chain paraffins having
more than 15 carbon atoms per molecule are solids.

e Branched-chain paraffins have a much higher
octane number rating than straight-chain paraffins
and, therefore, are the more desirable constituents
of gasoline.
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CLASSIFICATION OF HYDROCARBONS

Type of Compound General Formula Example
TR
Alkane CnHans2 H—(li—CII—CIZ—(lZ—H
HHHH
N
Alkene CnH2n-2 H—C:C—C]Z—(‘.‘.—H
H H
TR
Alkyl CnH2n+1 H—(li—CIJ—(IJ—(|3—
HHHH
Cycloalkene CnH2n
Cycloalkene CnH2n-2
Benzene : |/%
(aromatic compound) /
N

Figure 1.1: Classification of hydrocarbon
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PARAFFINIC HYDROCARBONS (ALKANES)

e Paraffinic hydrocarbons are subdivided into the
following three groups such as the linear straight-
chain alkanes, branched alkanes, and cycloalkanes.

¢ Paraffinic hydrocarbons are also refer as saturated
hydrocarbons.

e It is the simplest and least reactive hydrocarbon
species containing only carbons and hydrogens.

e They are commercially very important, being the
principal constituent of gasoline and lubricating oils
and are extensively employed in organic chemistry.

e Paraffinic hydrocarbons are the role of pure alkanes
such as hexane which is delegated mostly to
solvents.

e The distinguishing feature of an alkane, making it
distinct from other compounds that also exclusively
contain carbon and hydrogen, is its lack of
unsaturation.
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ALKANES

e General formula for alkanes is CnH2n+2 where n is
the number of carbon atoms n the molecule.
Alkanes name ending with —ane.

o Methane (CH4) is the first member of this family. If
you swap out one hydrogen atom from methane for
a carbon atom and connect the necessary amount
of hydrogens, you get C2H6.

e Ethane is the name given to this hydrocarbon,
which has the chemical formula C2H6.

e Therefore, you may think of C2H6 as being formed
froom CH4 by substituting a -CH3 group for one
hydrogen atom.

i o
H _C|: _H Replace any H with CHs H_ (lj_ (l_*:_H or C2H6
H H H

Figure 1.2: The formation of ethane from ethane
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ALKANES

e That is to say, it contains no double or triple bonds,
which are highly reactive in organic chemistry.

e Though not totally devoid of reactivity, their lack of
reactivity under most laboratory conditions makes
them a relatively uninteresting, though very
important component of organic chemistry.

e As with other organic compounds, the carbon
atoms in alkanes may form straight chains,
branched chains, or rings.

e These three kinds of alkanes are straight chain
alkanes, branched chain alkanes and cycloalkane.

 When an alkane having hydrogen is removed from
one bond, it is called an alkyl group.

e This Alkyl group is often denoted by the letter R the
same as halogens represent by the letter X.
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Type of

ALKANES

General

&)

N o

Compound Formula SIEE
' X
Methane CHa H— CII —H
Y
H H
Ethane C2Hs6 H—(!‘,—({‘,—H
Hooh
T
Propane C3Hs H—('I_‘,—(IZ—Cl}—H
H H H
HHHH
Butane C4H10 H— : —#—#—#—H
HHHH
T
Pentane CsH12 H—?—?—?—?—?—H
HHHHH
o
Hexane CeH14 H— I _(F_?_C_C_(I:_H
HHHHHH
TR
Heptane C7H1e H—Cli—(li—(l.‘,—(])—(IJ—(l)—(ll—H
HHHHHHH
R
Octane CgH1s H_?_(F_?_?_?_?_?_?_H
HHHHHHHH

Figure 1.3: List of the first 8 alkanes

()
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ALKYL

e If you imagine removing hydrogen atom from an
alkane, the partial structure that remains is called
an alkyl group.

e Alkyl group are not stable compounds themselves,
they simply parts of larger compounds.

e Alkyl groups are named by replacing the —ane
ending of the parent alkane with an -yl ending.

H H

| |
H-C—H =——» —C—H

| |

H H
Methane Methyl

Figure 1.4: The formation methyl from methane
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NAMING ALKANE

e Naming of an alkane involves three main steps.
Start from finding the longest carbon chain, number
the carbon chain with the most substituents and
the lowest number at each substituent and lastly
identify the type of substituents.

e When naming alkane, three basic formats can be
used. Alkane with one substituent, two same
substituents and two different substituents.

Type of
. Format Example
substituent P
o
One substituent no.—subs longest C H_?_?_?_H
HHH
2-methylpropane
|I| C"IaclHa
sl‘gs?iiaz:ﬁs no., no.—prefix subs longest C H_?_?_?_H
HHH
1, 2—=dimethylpropane
I? C||'|3C2|Hs
Two different H—C—C—C—H
. no.—subs—no.—subs longest C | | |
substituents H H H

1—ethyl-2—methylpropane

Figure 1.5: Type of substituent for alkane
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ONE SUBSTITUENT ALKANE

e The simplest type of chemical structure is an alkane
with a single substituent since there is only one
substituent attached to the parent structure.

e To name an alkane with a single substituent, follow
the steps below:

Step Format Example
no.—subs longest C []' i-li ';’ C||'|3 |T|
1 e use one substituent format HT?_z(F_s(FW(F_s?_H
find the longest carbon chain (C =5) HHHHH
e 5carbonis pentane no.—subspentane
no.—subs longest C H H HCH: H
0
¢ number the carbon chain with the H=C—C—=C—=C—=C—H
2 most substituents and the lowest ill lll Ill }1! Ill
number at each substituent
e substituent at C 2-subspentane
no.—subs longest C ']i |I| |T| Cll‘la lII
3 e identify the type of substituent H_s?_:;?_a? 7?_1?_H
e CHsis methyl H HHHH
2-methylpentane

Figure 1.6: Steps in naming one substituent alkane
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TWO SAME SUBSTITUENT ALKANE

e Two same substituent alkane indicate that the
chemical structure attached with two identical
substituents.

e Therefore, prefix need to be used that is di for 2 and
tri for 3 same substituents.

e To name an alkane with two same substituents,
follow the steps below:

Step Format Example
no., no.— prefix subs longest C ﬁ' CHs 'ﬁ CHs 'ii
1 | ® usetwo same substituents format H_lclz_zcl:?(i:_d?_b?_H
e find the longest carbon chain (C =5) HHHHH
e 5carbon is pentane no., no.—prefix subs pentane
no., no.— prefix subs longest C H CH:H CH: H
L1l
) e number the carbon chain with the H-C-C—=C—C—=C—H
most substituents and the lowest | (. |
number at each substituent HHHHH
e substituentat C: & Cs 2, 4-prefix subs pentane
no., no.— prefix subs longest C }"1 CHs ﬁ{ CHs H
3 e identify the type of substituent H7?_2(F_3?_f1$_5‘ I —H
e CHsis methyl HHHHH
e prefixfor 2 methyl is di 2, 4-dimethylpentane

Figure 1.7: Steps in naming two same substituent alkane
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TWO DIFFERENT SUBSTITUENT ALKANE

e Two different substituent alkane indicate that the
chemical structure attached with two different
substituents.

o Therefore, two different number need to be placed
in front of substituents name.

e To name an alkane with two different substituents,
follow the steps below:

Step Format Example
no. — subs — no. —subs longest C HC:HsH CHs H
e use two different substituents H_Icl;_)(!_;_a(l_; —C—=C—H
1 format L I I |
HHHHH

e find the longest carbon chain (C=5)
e 5carbon is pentane

no.—subs—no.—subs longest C HCHsH CHs H
1 |
5 ¢ number the carbon chain with the HTCTC—jc —,,C—SC—H
most substituents and the lowest [ I I
HHHHH

number at each substituent
e substituentat C: & Ca

no.—subs—no.—subs longest C

identify the type of substituent
3 e  (zHsis ethyl & CHsis methyl

e  Ethyl come first at C: then methyl at HHHHH
Cs are based on alphabetical order 2—ethyl-4—methylpentane
(e then m)

Figure 1.8: Steps in naming two same substituent alkane
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CYCLOALKANES

e Cycloalkanes are also known as alicyclic
compounds  (aliphatic  cyclic).  Cycloalkanes
consists of rings of ~CH2- units.

e The general formula CnH2n and can be represented
by polygons in skeletal drawings.

e The general formula CnH2n and can be represented
by polygons in skeletal drawings.

e For aring to become a parent, the number of atoms
in the ring must be more than the substituent.

Type of Compound General Formula Example
CH2
Cyclopropane C3Hs / \
CH2 CH2
CH2 CH2
Cyclobutane CaHg
CH2 CH2

Figure 1.9: List of cycloalkanes, n=3 and 4
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CYCLOALKANES

Type of Compound General Formula Example
CH2
Cyclopentane C5H10 CHz \ / CH2
CH:z CH2
CH: —— CH2
Cyclohexane C6H12 CH2 CH2
CHz CH2
CH2
2 N CcH
Cycloheptane C7H14 / \\
CH2 CH2
CH2 CH2
CH2 CH2
CHz / \ CHz
Cyclooctane CgH1e |
CH2 CH2
AN S
CHz CHz

Figure 1.10: List of cycloalkanes, n=5, 6,7, and 8
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ONE SUBSTITUENT CYCLOALKANE

e The simplest type of chemical structure is an
cycloalkane with a single substituent since there is
only one substituent attached to the parent
structure.

e To name an cycloalkane with a single substituent,
follow the steps below:

Step Format Example
CHs
|
’ no.—subs longest C ‘ / 4 \
1 e use one substituent format CH2 3 5 CH2
e find the longest carbon chain (C = 5) \ /
e 5carbon is cyclopentane CH% lCHz
no.—subscyclopentane
CHs
no.—subs longest C 1| \
e number the carbon chain with the CHa 5/ 2 CHa
2 most substituents and the lowest
number at each substituent \ /
e substituent at C: CH> “cH2
1-subscyclopentane
CH:s
I
PN
no.—subs longest C CHz = 2 CHz
3 e identify the type of substituent \ ' /
e (CHzis methyl CH2 — 3CHz

1-methylcyclopentane
or
methylcyclopentane

Figure 1.11: Steps in naming one substituent cycloalkane
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RN

N )

TWO SAME SUBSTITUENT CYCLOALKANE

e Two same substituent cycloalkane indicate that the

chemical

substituents.
e Therefore, prefix need to be used that is di for 2 and
tri for 3 same substituents.

structure attached with two

identical

e To name an cycloalkane with two same
substituents, follow the steps below:
Step Format Example
CHs
|
‘ no., no.—prefix subs longest C ‘ / 1 \
1 e use two same substituents format CH2 s 2— CHs
find the longest carbon chain (C =5) \ /
5 carbon is cyclopentane 4 N
CH2 CH2
no., no—prefix subs cyclopentane
CHs
no., no.—prefix subs longest C ‘ |
PN
* number the carbon chain with the CHa ® +— CH
z most substituents and the lowest : !
number at each substituent \ /
e substituentatCi & Gz CH> *CHa
1, 2—prefix subs cyclopentane
CHs
no., no.—prefix subs longest C ‘ 1|
e identify the type of substituent / \
3 ®  (CHsis methyl CHz = 2— CHs
e prefixfor 2 methyl is di \ /
CH2 “CH2
2, 4—dimethylcyclopentane

Figure 1.12: Steps in naming two same substituent cycloalkane
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TWO DIFFERENT SUBSTITUENT
CYCLOALKANE

e Two different substituent cycloalkane indicate that
the chemical structure attached with two different
substituents.

e Therefore, two different number need to be placed

in front of substituents name.
e To name an cycloalkane with

two different

substituents, follow the steps below:

Step

Format

no.—subs—no.—subs longest C

use two different substituents format
find the longest carbon chain (C = 5)
5 carbon is cyclopentane

Example

CHs

|
VRN

CH2 s 2— Br

\, ./

4 3

CH2 CH2

no.—subs—no.—subs cyclopentane

no.—subs—no.—subs longest C

number the carbon chain with the
most substituents and the lowest
number at each substituent
substituent at (C=1) & (C=2)

CHs

|
N
CHz 3 1— Br

\, ./

CH2 CH2

1-subs—2—subscyclopentane

no.—subs—no.—subs longest C

identify the type of substituent
(Br=bromine) & (CH3= methyl)
bromine come first (C = 1) then methyl

(C =2) are based on alphabetical order
(b then m)

z
CH/Z\—B
\

4 5
CH2

CH2

1-bromo—2—methylcyclopentane

Figure 1.13: Steps in naming two different substituent alkane
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PHYSICAL CHARACTERISTICSS OF
ALKANES

¢ The physical characteristics of alkanes discussed in
this Figure 114 are boiling point, melting point,
density, conductivity, and solubi are boiling point,
melting point, density, conductivity, and solubility.

Physical | Boiling | Melting | Density : o
. . Electrical | Solubility
Formula| State at (g/lcm? at __ .
Conductivity | in Water

25°C 20°C)

‘MethaneH ‘ Gas H -161.5 H -182.5 H 0.000668 HNon-conductorH Insoluble ‘
Ethane | C,Hs Gas -88.6 -172.0 || 0.001261 ||Non-conductor|| Insoluble
Propane|| CsHg Gas 421 -187.7 || 0.002009 ||Non-conductor| Insoluble
Butane | CsH1o Gas -0.5 -138.4 || 0.002493 ||Non-conductor| Insoluble

‘PentaneH CsHaz H Liquid H 36.1 H -129.7 H 0.626 HNon-conductorH Insoluble

Hexane | CgHya Liquid 68.7 -95.3 0.660 Non-conductor|| Insoluble

Heptane|| C,;His Liquid 98.4 -90.6 0.684 |Non-conductor|| Insoluble

Octane | CgHyg Liquid 125.7 -57.8 0.703 Non-conductor|| Insoluble

Nonane || CoHao Liquid 150.8 -51.6 0.718 ||Non-conductor| Insoluble

‘ Decane H CioH22

‘ Liquid H 174.1 H 29.7 H 0.730 HNon-conductorH Insoluble

Figure 1.14: Physical characteristics of alkanes
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PHYSICAL CHARACTERISTICSS OF
ALKANES

e Solubility in water
Due to very little difference of electronegativity
between carbon and hydrogen and covalent
nature of C-C bond or C-H bond, alkanes are
generally non-polar molecules.

e All paraffins are colourless.

» Boiling point of paraffinic hydrocarbons
As the intermolecular Van Der Waals forces
increase with the increase of the molecular size
or the surface area of the molecule.

The boiling point of alkanes increases with
increasing molecular weight. The straight-
boiling point in comparison to their structural
isomers.
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CHEMICAL CHARACTERISTICS OF

ALKANES

e Figure 115 below elaborates on three important
chemical reactions of alkanes such as Combustion
Reaction, Halogenation Reaction, and Cracking
Reaction.

Reaction Chemical Reaction Chemicals
Reaction Steps Applications
Type Example Involved

Methane (CH,),

= Highly exothermic
reaction

= Produces carbon

Energy

F-+F-—F>

Combustion Oxygen (O-), dioxide and water .
CH4+20,—C02+2H20 o production,
(Complete) Carbon Dioxide vapor heati
eatin
(CO,), Water (H,O) || = Complete oxidation g
in the presence of
sufficient oxygen
= Occurs with limited
oxygen supply
= Produces carbon
Methane (CH,), i .
monoxide and water Industrial
Combustion Oxygen (O,),
CH4+02—CO+2H:20 i vapor processes, fuel
(Incomplete) Carbon Monoxide )
= Less energy efficiency
(CO), Water (H:0)
released compared
to complete
combustion
= [nitiation: F2—2F-
Methane (CH,), * Propagation:
. Fluorine (F3), F-+CHs—CHa-+HF .
Halogenation Pharmaceuticals,
) CH4+F, >CHsF+HF Tetrafluoromethane CHs-+ F2— CHzl+ F- i .
(Fluorine) . o materials science
(CF.), Hydrofluoric || = Termination:
Acid (HF) CHs-+ F-— CHaF

Figure 1.15: Chemical characteristics properties of alkanes
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CHEMICAL PROPERTIES OF ALKANES

Reaction Chemical Reaction Chemicals _ o
Reaction Steps Applications
Type Example Involved
* Initiation: [>—2l-
Methane (CH,), || * Propagation: .
. Organic
. lodine (I;), Methyl |-+CHs—CH3-+HI )
Halogenation synthesis,
. CHa+l2—CHal+HI lodide (CHl), CHz+ I2— CHsl+ |- .
(lodine) o . o chemical
Hydroiodic Acid || = Termination: ) .
modifications
(HI CH3-+ |-— CHal
|-+|-4)|2
® |nitiation: Clz—2Cl-
Methane (CH,), .
. * Propagation: .
Chlorine (Cl,), Organic
. . Cl-+CH4—CHa-+HCI .
Halogenation Methyl Chloride synthesis,
) CHas+Cl2—CH3CI+HCl CH3:+ Cl2— CH3Cl+ Cl- . .
(Chlorine) (CH;ClI), L industrial
. .|| = Termination:
Hydrochloric Acid processes
CH3-+ Cl-— CH3ClI
(HCI)
Cl-+Cl-—Cl2
® |nitiation: Brz—2Br:
Methane (CH,), .
) * Propagation:
Bromine (Br,), i
) ) Br-+CHs4—CHz-+HBr Organic
Halogenation Methy| Bromide .
. CH4+Br2—CH3Br+HBr CH3-+ Br2— CH3Br+ Br- synthesis,
(Bromine) (CH;Br), _ .
|| = Termination: pharmaceuticals
Hydrobromic Acid
CH3-+ Br-— CHsBr
(HBr)
Br-+Br-—Br2
= Breaks larger
hydrocarbon molecules
into smaller, more
Decane (CyoH-2), Petrochemical
. useful molecules . .
Cracking C1oH22—CsH12+CsH1o Various smaller industry, gasoline
» Can be thermal or .
hydrocarbons . production
catalytic
= Used in petroleum
refining

Figure 1.16: Chemical characteristics of alkanes
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CHEMICAL CHARACTERISTICS OF
ALKANES

e Alkanes react only very poorly with ionic or other
polar substances.

e The pKa values of all alkanes are above 50, and so
they are practically inert to acids and bases.

e In crude oil the alkane molecules have remained
chemically unchanged for millions of years.

e However redox reactions of alkanes, in particular
with oxygen and the halogens, are possible as the
carbon atoms are in a strongly reduced condition.

e Reaction with oxygen leads to combustion without
any smoke; with halogens, substitution. In addition,
alkanes have been shown to interact with, and bind
to, certain transition metal complexes.



CHEMISTRY OF PETROCHEMICAL PROCESSES, VOL. 1 §\ /ﬁ\

CHEMICAL CHARACTERISTICS OF
ALKANES

e Alkanes free radicals, molecules with unpaired
electrons, play a large role in most reactions of
alkanes, such as cracking and reformation where
long-chain alkanes are converted into shorter-
chain alkanes and straight-chain alkanes into
branched-chain isomers.

e In highly branched alkanes and cycloalkanes, the
bond angles may differ significantly from the
optimal value (109.5°) in order to allow the
different groups sufficient space.

e This causes a tension in the molecule, known as
steric hinderance, and can substantially increase

the reactivity.

e The same is preferred for alkenes too.
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Watch Alkane Tutorial on YouTube

3 Steps for Naming Alkanes | Organic Chemistry

Ignore the
prefixes when
placing
substituents in
alphabetical
order



https://www.youtube.com/watch?v=QzDli_Llo9A







CHEMISTRY OF
PETROCHEMICAL
PROCESSES, VOL. 1

Chapter 3

Oletinjc

Hydrocarbons



CHEMISTRY OF PETROCHEMICAL PROCESSES, VOL. 1 Qg ﬁ

INTRODUCTION OF
OLEFINIC HYDROCARBONS

e Alkenes, commonly referred to as olefins, are
partially unsaturated straight-chain hydrocarbons
characterized by one or two double carbon—
carbon bonds.

e Olefins are produced at crude oil refineries and
petrochemical plants and are not naturally
occurring constituents of oil and natural gas.

e In the IUPAC naming system, the name of the olefins
suffixes with the “ene”.

e Ethylene is the smallest olefin. The common olefins
examples are propane, ethene, butene, and
pentene.

e Olefin is a man-made fabric that is extremely
durable. The fibres are created using heat, pressure,
and a catalyst.

e In fact, olefin often goes by another name:
polypropylene. This chemically created fabric is
often considered to be more environmentally
friendly than cotton, silk, and other natural fibres.
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OLEFINIC HYDROCARBONS (ALKENES)

e General formula for alkenes are CnH2n where n is
the number of carbon atoms n the molecule.

e Alkenes are relatively stable compounds, but are
more reactive than alkanes.

e The olefins most commonly used in the alkylation
unit are butylene and propylene to produce
alkylate.

e Figure 2.1 below shows the prefix of alkene with
number of carbon start from 2.

1

2 Eth Ethene Ethylene C,H,
3 Prop Propene Propylene C3Hg
4 But Butene Butylene C,Hg
5 Pent Pentene Pentylene CsHqp
6 Hex Hexene Hexylene Ce¢Hi>
7 Hept Heptene Heptylene C7Hqy
8 Oct Octene Octylene CgHyq
9 Non Nonene Nonylene CoHyg
10 Dec Decene Decylene Ci0Hz0

Figure 2.1: Alkene compounds



CHEMISTRY OF PETROCHEMICAL PROCESSES, VOL. 1 §\ /ﬁ\

OLEFINIC HYDROCARBONS (ALKENES)

I[IUPAC Nomenclature

A systematic method of naming organic chemical
compounds as recommended by the International
Union of Pure and Applied Chemistry also known as
IUPAC.

e IUPAC which is a globally recognize international
chemistry standards organizationthat has named
all the chemical organic substances in a systematic
manner.

e This particular naming standard for chemical
organic  substances is known as IUPAC
nomenclature.

e IUPAC nomenclature is published in the

Nomenclature of Organic Chemistry (also called the
Blue Book).

Naming Alkenes (IUPAC Name)

Prefix — Locant — Parent — Suffix
Where and Wr;)erirri(i:r;he How many Wg'?r];:é:;‘e
2
:S;;Iigsrm ? functional carbons? functional
’ group? group?

Figure 2.2: Four simple steps in naming Alkenes
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OLEFINIC HYDROCARBONS (ALKENES)

Example 2.1

IUPAC Nomenclature

e Based on molecular structure below, it shows an alkene
with a straight chain and the number of carbonis 7.

CHCH = CHCHCH,CHCH
CH, CH,

Figure 2.3: An alkene with 2 substituent and 1 double bond

e Herewith, given steps by steps to determine the IUPAC
name for the molecular structure in Figure 2.3:

: Find the parent chain (longest chain of carbon).
Tips: 7 carbon of longest straight chain.
Answer: Heptene

: Determine the position of the .
: Number the chain to give the to the
double bond.
Answer:

1 2 3 4 5 6 7
CH,CH=CHCHCH,CHCH,

I I
CH, CH,
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OLEFINIC HYDROCARBONS (ALKENES)

I[IUPAC Nomenclature

: based on double bond position.
: Refer to answer in

Answer:
each its position.
: Substituent is methyl and have
: Substituent: Location:
Numeric prefix:
Answer:

With that FOUR (4) Steps, the name of the alkene in
Figure 2.3 is 4,6-dimethyl-hept-2-ene

1 2 3 4 5 6 7
CHyCH=CHCHCH,CHCH,

CH, CH,
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OLEFINIC HYDROCARBONS (ALKENES)
Example 2.2

IUPAC Nomenclature

e Based on molecular structure below, it shows an alkene
with a straight chain and the number of carbon is 4.

CH, = CHCH = CH,

Figure 2.4: An alkene with 2 double bond

e Herewith, given steps by steps to determine the IUPAC
name for the molecular structure in Figure 2.4:

: Find the parent chain (longest chain of carbon).
Tips: 4 carbon of longest straight chain.
Answer: Butene

: Determine the position of the .
: Number the chain to give the to the
double bond.
Answer:

CH, = CHCH = CH,
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OLEFINIC HYDROCARBONS (ALKENES)

I[IUPAC Nomenclature

: based on double bond position.
: Refer to answer in
Answer: and

each its position.

(for double bond more than 1)
Answer:

With that FOUR (4) Steps, the name of the alkene in
Figure 2.4 is buta-1,3-diene

CH, = CHCH = CH,
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OLEFINIC HYDROCARBONS (ALKENES)
Example 2.3

IUPAC Nomenclature

e Based on molecular structure below, it shows an alkene
with a straight chain and the number of carbonis 7.

CH,=C - CH=CHCH = CHCHj;
|
CH;
Figure 2.5: An alkene with 3 double bond and 1 substituent

e Herewith, given steps by steps to determine the IUPAC
name for the molecular structure in Figure 2.5:

: Find the parent chain (longest chain of carbon).
Tips: 7 carbon of longest straight chain.
Answer: Heptene

: Determine the position of the .
: Number the chain to give the to the
double bond.
Answer:

CH,=C - CH=CHCH = CHCHj;
CH;
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OLEFINIC HYDROCARBONS (ALKENES)

I[IUPAC Nomenclature

: based on double bond position.
: Refer to answer in

Answer: and
each its position.
; (for double bond more than 1)
: Substituent: , Location:
Numeric prefix:
Answer:

With that FOUR (4) Steps, the name of the alkene in
Figure 2.5 is 2-methyl-hepta-1,3,5-triene

CH,=C - CH=CHCH = CHCHj;
CH,
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CYCLOALKENES

e Cycloalkenes are hydrocarbons containing a ring of
carbon atoms and one or more double bonds in the
cycle that do not form an aromatic ring.

e Cyclic unsaturated hydrocarbon having general
molecular formula CnH2n-2.

e Cycloalkenes are named by the system used for the
open-chain alkenes, except that numbering always
is started at one of the carbons of the double bond
and continued around the ring through the double
bond so as to keep the index numbers as small as
possible.

e Many compounds contain two or more double
bonds and are known as alkadienes, alkatrienes,
alkatetraenes, and so on, the suffix denoting the
number of double bonds.
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CYCLOALKENES
Example 2.4

I[IUPAC Nomenclature

* Based on molecular structure below, it shows a cycloalkene
with a substituent of a functional group.

CH,

Figure 2.6: A cycloalkene with 1 double bond and 1 substituent
* Herewith, given steps by steps to determine the IUPAC name for
the molecular structure in Figure 2.6:

: Find the parent chain (longest chain of carbon).
Tips: Number the carbon atoms in the ring so that
double bond is between carbon atom 1and 2.

Answer: Cyclohexene

: Give
double bond to the methyl group.
Answer:
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CYCLOALKENES

IUPAC Nomenclature

: based on double bond.
: Refer to answer in

Answer: and
: Substituent: , Location:
Numeric prefix:
Answer:

With that FOUR (4) Steps, the name of the cycloalkene in
Figure 2.6 is 3-methylcyclohex-1-ene

CH,
3
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CYCLOALKENES
Example 2.5

IUPAC Nomenclature

* Based on molecular structure below, it shows a cycloalkene with a
substituent of a functional group.

CH,

“\_~CH,
/

Figure 2.7: A cycloalkene with 1 double bond and 2 substituent
* Herewith, given steps by steps to determine the IUPAC name for
the molecular structure in Figure 2.7:

: Find the parent chain (longest chain of carbon).
Tips: Number the carbon atoms in the ring so that
double bond is between carbon atom 1and 2.

Answer: Cyclohexene

: Give
double bond to the methyl group.
Answer:
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CYCLOALKENES

IUPAC Nomenclature

: based on double bond.
: Refer to answer in

Answer: and
: Substituent: , Location:
Numeric prefix:
Answer:

With that FOUR (4) Steps, the name of the cycloalkene in
Figure 2.7 is 1,5-dimethylcyclohex-1-ene

CH,

5
4 \/CH3
/ 1
2
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CYCLOALKENES
Example 2.6

IUPAC Nomenclature

* Based on molecular structure below, it shows a cycloalkene with a
substituent of a functional group.

CH;

Figure 2.8: A cycloalkene with 2 double bond and 1 substituent
* Herewith, given steps by steps to determine the IUPAC name for
the molecular structure in Figure 2.8:

: Find the parent chain (longest chain of carbon).
Tips: Number the carbon atoms in the ring so that
double bond is between carbon atom 1and 2.

Answer: Cyclohexene

: Give .
double bond to the methyl group (location: 2).
Answer:
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CYCLOALKENES

IUPAC Nomenclature

: based on double bond.
: Refer to answer in

: 2 double bond (location: ).
Answer: and
: Substituent; , Location:

Numeric prefix:
(double bond more than 1).
Answer:

With that FOUR (4) Steps, the name of the cycloalkene in
Figure 2.8 is 2-methylcyclohexa-1,3-diene

CH;
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Physical Properties of Alkenes

¢ Insoluble in water but soluble in organic solvent.
e Low densities (less dense than water).

e Low melting point and boiling point. The boiling point and melting
point of an alkene is usually lower than alkane with same number of

atom.
Propene C3Hg CH,=CHCH, -185 -47
1-butene C4Hg CH,=CHCH,CHj; -185 -6
1-pentene CsHyo CH,=CH(CH,),CHs -138 30
1-hexene CeHip CH,=CH(CH,);CH, -140 63
1-heptene C,Hyy CH,=CH(CHb,),CH 119 94
l1-octene CgHyg CH,=CH(CH,)sCH, -102 121

Figure 2.9: Physical properties of alkenes

¢ Inflammable.

e At room temperature:
C2-C4 Gas
C5-Cl16 Liquids
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Physical Properties of Cycloalkenes

e Cycloalkenes are unsaturated and therefore have fewer hydrogen
atoms and fewer bonds, as opposed to open-chain alkenes, which
means that there is less internal energy within the molecule.

* Like cycloalkanes, cycloalkenes use Van der Waals forces to bond.

e Macroscopically, most cycloalkenes are liquid at room
temperature, though have very low solubility in water.

e Only the first few cycloalkenes are gases.
e Cycloalkenes are rarely solid at room temperature.
e Essentially, cycloalkenes have similar physical properties to alkenes

and cycloalkanes aside from the fact that cycloalkenes have at
least one double bond.
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Chemical Properties of Alkenes

* Alkenes are unsaturated compound, which makes them highly
reactive than alkanes.

» Alkenes can undergo four major type of reactions:
a) Combustion reactions.
b) Addition reactions
i. Halogenation
ii. Hydration
iii. Hydrohalogenation
iv. Hydrogenation

Type of reaction | Reactant Main product By- Chemical Reaction
product
Combustion
Combustion Oxygen, Carbon dioxide, Water, CyHs+ 3022 2C0,+ 2 H,0
(complete) 0, CO; H.O
Oxygen, Carbon Water, CsH4+ 20, 2C0O + 2H,0
Combustion 0, monoxide, H.O
(incomplete) CO
Carbon, Water, C,Hs+ 0,2 2C+ 2H,0
C H,O
Addition
Bromine 1,1- - CoHa+ Bra=> CoHaBr2
gas, dibromoethane,
Bry CoHa4Br2
Chlorine 1,1- - CoHs + Cly» CoHiClo
Halogenation gas, dichloroethane,
Clp CoH.Clo
lodine 1,1- - CsHa + 12> CoHaly
gas, diiodooethane,
I> CaHalz
Water, Alcohol - CsHa4 +H>0 > C,HsOH
Hydration H.O (Ethanol),
CrHznOH
C,HsOH
Hydrogen Bromoethane, - CyH4+HBr-» C;H:Br
bromide, C,HsBr
Hydrohalogenation HBr
Hydrogen Chloroethane, - CoHs + HCL> C2HsCL
chloride, C,HsCL
HCL
Hydrogen Alkane - CzHs+Hz> CoHs
Hydrogenation gas CnHone2
(H2)

Figure 2.10: Chemical properties of ethene
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Chemical Properties of Cycloalkenes

e The smaller the ring, the more likely it is to undergo reactions
due to the carbon carbon bond angle.

e Cyclopropene is very reactive and has an extremely high strain.
Larger compounds show very little ring strain and are less
reactive.

e Undergo combustion and halogenation reactions.

e Cycloalkenes generally are more reactive than cycloalkanes
due to their double carbon-carbon bond.

e It also undergo addition reactions, which occurs when the pi
bond is broken and two new sigma bonds are formed.

Two new ¢ bonds are formed.

| .
(X=Cl, Br, 1) O: hydrohalogenation
The n bond is broken. H2so 7 O: hydration
O X= CI or Br) C[ halogenation
cyclohexene
X2 he halohydrin f ti
(X Clor Br) alohydnn formation
[1]BH3 T o
ration—oxidati
[2] H,0,, HO™ ydroboration—oxidation

Figure 2.11: Chemical properties of cyclohexene
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Watch Alkene Tutorial on YouTube
Orawo oudere. Bud —\-ene

P Pl ) 255/331 - More examples of the first 6 alkenes' structures >

How to draw alkenes - step by step tutorial
@\ Understanding STEM
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