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UNIT

Introduction to Organic
Chemistry

Unit Outcomes

After completing this unit, you will be able to:

<@ know the historical development of organic chemistry and the classification of

organic compounds;

know the general formulas of alkanes, alkenes, alkynes, alcohols, aldehydes,
ketones, carboxylic acids and esters,

develop skills in naming and writing the molecular and structural formulas of
simple alkanes, branched-chain alkanes, smple alkenes, branched-chain alkenes,
simple alkynes, alcohols, aldehydes, ketones, carboxylic acids and esters;

understand isomerism and know possible isomers of alkanes, alkenes and
alkynes,
know the major natural sources of hydrocarbons;

understand the physical and chemical properties and the general methods of
preparation of alkanes, alkenes, alkynes, benzene and alcohols;

know the uses of organic compounds in the manufacture of plastics, beverages,
pharmaceuticals, soaps and detergents, dry cleaning chemicals, fuels, pesticides,
and herbicides; and

demonstrate scientific inquiry skills: observing, classifying, communicating,
measuring, asking questions, interpreting data, drawing conclusions, applying
concepts, predicting and problem solving.
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MAIN CONTENTS
Introduction

Saturated hydrocarbons (a kanes)

Unsaturated hydrocarbons (alkenes and alkynes)

Aromeatic hydrocarbons

Natural sources of hydrocarbons

Alcohols

Industrial and agricultura applications of organic compounds
— Unit Summary

— Review Exercise

1.1 INTRODUCTION

Competencies

By the end of this section, you will be able to:

Friedrich Wohler

narratethe historical development of organic compounds,
definetheterm functiona group;
classify organic compoundsbased on their functional groups.

Historical Notes
Friedrich Wohler

In 1828 German chemist, Friedrich Wohler converted
ammonium cyanate, an inorganic compound, into the organic
substance urea. Wohler’s discovery revolutionized the study of
chemistry by redefining the manner in which chemists
distinguished between inorganic and organic compounds. He is
also credited for his work in isolating the elements aluminium
and beryllium.

Activity 1.1

1.

2.

Do you agree with the notion that says: “carbon compounds can be synthesized only by
animals and plants™?

Draw diagrams to show how carbon atoms can link to one another in different ways to
form a variety of compounds by considering only four carbon atoms.

Discuss with your group and present it to the class.
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History of Organic Chemistry

Beforethebeginning of the nineteenth century, chemistsclassified compoundsinto two
classes, organicandinorganic. Thosederived fromliving things(plantsand animals) were
classified asorganic compounds, whilethosethat camefrom minera congtituentsof the
earth or werefound with non-living thingsare classified asinorganic compounds.

What wasthebasi sof thisclassfication? Early chemistsbelieved that organic compounds
differed frominorganic compoundsbecauseliving thingshad aspecid ‘lifeforce’ within
them, whichwasinvisibleand hard to detect. According to thetheory of ‘ lifeforce’, the
only source of organic compoundswasnatureitsalf (plantsand animals). It wasthought
impossibleto synthesizethem inthelaboratory. Thiswas because man could not add or
createthe’lifeforce’ withinthem.

Thebelief inthe'lifeforce theory continued until Friedrich \Wohler synthesized ureafor
thefirst timein 1828. In attempting to prepare anmonium cyanate, NH,CNO, fromthe
reaction of silver cyanate, AGCNO, and ammonium chloride, NH,Cl, he accidentally
and surprisingly obtained urea, (NH,).CO:

AgCNO(ag) + NH,Cl(ag) — AgCI(s) + NH,CNO(a0)
0
I

NH,CNO (aq) —2%, H,N— C — H,N (s)
Urea

Ureawasthefirst organic compound synthesized in thelaboratory. The synthesis of

ureaby Friedrich \Wohler and subsequent synthesisof other organic compoundsmarked

thedownfdl of the'lifeforce theory.

How do you explain organic compounds at present and define organic chemistry?

Thecommon featureof organic compoundsisthet they al containthed ement carbon. Organic
compoundsare the compounds of carbon found in and derived from plantsand animals.
They asoincludethose substances synthesized in laboratories except the oxides of carbon,
carbonates, hydrogen carbonates, cyanidesand cyanates.

Besides carbon, these compounds contain afew other e ementssuch ashydrogen, oxygen,
nitrogen, sulphur, halogensand phosphorus. The branch of chemistry that studiescarbon
compoundsiscalled organic chemistry. Thisbranch of chemistry wasdevel oped, starting
fromthetheory of ‘lifeforce’ totheerainwhich synthetic organic compoundsareusedin
our daily lives. The number of inorganic compoundsdiscovered and prepared may beinthe
regionof somehundred thousand. At present, millions of organic compounds have been
discovered, synthesized, and used.
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Themain reason for the presence of millionsof carbon compoundsisthe unique property
of carbon called catenation. Catenationisthe ability of atomsof thesameeementtojoin
together forming short or long chainsand rings. A few other elementslike sulphur, silicon
and boron show this behaviour, but to amuch lesser extent.

Classification of Organic Compounds

Activity 1.2

CH,CH,CHO and CH,COCH, have the same chemical formula C,H.O. Write their detailed
structures and observe their difference? Why do these compounds have different
properties? Discuss with your group and present it to the class.

Organic compoundsaregenerdly classfied based ontheir functional group.

What are functional groups and what groups of organic compounds are known
on the basis of this classification?

Thefunctional group isthe part of amoleculeor acompound that determinesthe chemical
propertiesof that moleculeor compound. Thisgroup a so determinessomeof thephysica
propertiesof acompound. Based on thefunctiona groupsthey possess, themost common
classification of organic compoundsincluding alkanes, dkenes, dkynes, arométics, acohals,
adehydes, ketones, carboxylic acidsand esters. The common functiona groupsof some
organic compoundsaregiveninTable 1.1.

Table 1.1 Some classes of organic compounds, their functional groups, general structural
formulawith typical examples (R =alkyl or H).

Organic Functional General
Compound Group Structure Example
N /
Alkane L= CC R — CH, — CH, H,C — CH, — CH,
(single bond) TS
N / _
Alkene /C - C\ R—CH=CH, Hz](;th_en(;Hz
(double bond)
Alkyne — = R C—C_ R H—C=C—H
(triple bond) Ethyne

Continued next page
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Organic Functional General
Compound Group Structure Example
O we-0)
Aromatic R@
(benzene ring) Toluene
CH,CH,—OH
- OH - 3 2
Alcohols R—OH Ethanol
— CHO group R — CHO CH,— CHO
0 0 7
Aldehydes J I C
/ C\ = A
- R/ \H HC H
Ethanal
— CO — group RCOR’ CH,COCH,
Ketone ﬁ Tl) (||)
C C C
7/ N\ 7N\ 7/ N\
R R H,C CH,
Propanone
. | — COOH group R — COOH O
Carboxylic e} 0 [
Acid | I H,C—C—OH
—C—OH R—C—OH Ethanoic acid
— COOR group RSOOR' (”)
Ester (”) I H,C — C — O—CH,CH,
—C—O0—R R—C—O0—FR’ Ethyl ethanoate

4. What isthemain concept of thetheory of ‘lifeforce ?

Exercise 1.1

1.  Which compoundswere classified asorganic compounds, according tothe early
chemigs?

2. Accordingtothebelief of early chemists, which classof compoundshasaspecial
‘lifeforce withinthem?

3.  What arethedifferencesbetween organic and inorganic compounds, according to
early chemigts?
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10.
11.

Who disproved the‘lifeforce’ theory; and how?

What wasthefirst organic compound synthesized in thelaboratory?

Identify thefunctiona groupsin each of thefollowing compounds?

a CH,CHCOCHCHCH, ¢ CH,CH,CH,COOH

b CH,CH,COOCH.CH, d CH,CH,CH,CH,OH
Definethefollowingterms.

a Organicchemistry b Caenation ¢ Functiona group

Why isit necessary to assign organic chemistry exclusively to the study of carbon
compounds?

What isthe basisfor the classification of organic compounds?
Writethegenera structuresof:

a dkanes b dkenes c akynes
d aromdtics e dcohals

1.2 SATURATED HYDROCARBONS

Competencies

At the end of this topic, you will be able to:

definehydrocarbons,

define saturated hydrocarbons;

definehomologousseries;

writethegenera formulaof akanes,

writethefirst ten membersof akanes,

writethemolecular formulasof alkanesfrom the given number of carbon atoms;
explainthe physical propertiesof dkanes;

writethestructural formulasof thefirst ten akanes,

apply IUPAC rulesto name straight and branched chain alkanes;

defineisomerism astheway compounds having the sameformuladiffer intheway
thelr atomsarearranged;

definestructural isomerism;

write possible structural isomersfor CH, ,C.H,,andCH,,;

describethe general method for the preparation of alkanesinthelaboratory;
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» preparemethaneinalaboratory by the decarboxylation method;
 carry out aproject to produce biogasfrom cow dung; and
» explainthechemical propertiesof akanes.

1. Draw the Lewis structure of carbon (Z = 6) and hydrogen (Z = 1) atoms. How many
valence electrons are there in an atom of carbon and hydrogen respectively?

2. Consider three organic compounds containing two carbon atoms each. The two carbon
atoms contributed one electron each in the first, two electrons each in the second and
three electrons each in the third for the bond they form between them by sharing the
electrons. The remaining valence electrons of each carbon atom in all the three
compounds were used to form bonds with hydrogen atoms.

a What type of covalent bond do the two-carbon atoms form between themselves
in the first, the second and the third compound, respectively?

b How many hydrogen atoms can form bonds with each carbon atom in the first, the
second and the third compound, respectively?

¢ Draw line or dot formula to show the formation of the bonds between the carbon
atoms and carbon and the hydrogen atoms in the first, the second and the third
compound, respectively.

d If the three compounds mentioned above are hydrocarbons, define
hydrocarbons?

f If the first compound is a saturated hydrocarbon, the second and the third are
unsaturated, what is the basis for such a classification of hydrocarbons?

Discuss with your group and present it to the class.

What are hydrocarbons and on what basis do we categorize them?

Hydrocarbons are organic compounds composed of the e ements carbon and hydrogen
only. Hydrocarbonsare subdivided into two groups, based on the type of bonding between
carbon atoms, as saturated hydrocarbonsand unsaturated hydrocarbons.

Saturated Hydrocarbons are those compounds of carbon and hydrogen containing only
carbon-carbon single bonds. M ethane, ethane, and propane aretypical examplesof this
group. Unsaturated Hydrocarbonsarethose compoundsof carbon and hydrogen possessing
one or more multiple bonds (doubleor triple bonds) between carbon atoms. Alkenes,
alkynesand aromatic hydrocarbons are exampl es of unsaturated hydrocarbons.

A formulathat showsall thebondsand atomsiscalled adetailed structure. Theshorter
structureiscalled condensed structure,
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Example
PII }II }II I|{ Condensed structure
H— $_$_CI_IC_H or H;C—CH,—CH,— CH;
H H H H
Saturated Hydrocarbons (Detailed structure)
H H H
H{ [
H/C:C_Clj—clj—H or HzC: CH_CHz— CH3
H H
iy
H—C= C—C|3—|C—H or HC=C—CH,—CH;
H H

Unsaturated Hydrocarbons

1.2.1 Alkanes or Paraffins

Activity 1.4

Draw a graph using the information in Table 1.2 by plotting the number of carbon atoms
of each compound on one axis, and hydrogen atoms on the other. Predict the formulas of
the saturated hydrocarbons containing 8,9 and 10 carbon atoms and complete Table 1.2.
Discuss with your group and present it to the class.

Alkanesare saturated hydrocarbons. They contain chainsof carbon atomslinked by single
bondsonly. Every carbon atomin themoleculeformsfour single covaent bondswith other
atoms. Alkaneshavethegenera formulaC H, ., where,n=1,2,3... Usingthisgenera
formula, we can writethe molecular formulaof any akane containing aspecific number of
carbon atoms. For example, the chemica formulasof alkanescontaining one, two andthree
carbonatomsareCH, ,..=CH,, CH =CH_,andCH =C,H_, respectively.

1 2x1+2 20 2x2+2 26 3 2x3+2 3 8

When we comparetheformulasof CH, and C H,or C,H,and C H,, they differ by one
carbon and two hydrogen atoms or — CH,,—group called the methylene group. A group of
compoundsinwhich each member of thegroup differsfromthe next member by a—CH,,
iscaled ahomol ogous series. Compoundsin the samehomol ogous seriescan berepresented
by thesamegenerd formula. Theindividua membersof thegroup arecalled homol ogues.

Alkanes contain carbon-carbon single bonds (— C— C —) astheir functional group.
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The first ten members of the homologous series of straight-chain alkanes are
giveninTable1.2.

Table 1.2 Homologous series and physical constants of the first ten
straight chain alkanes

Name Formula  Physical M.P BP Density No.of
state (at (°C) (°C) at20°C isomers
room temp.)

Methane CH, gas -183 -162 0.717 g/L 1

Ethane C,Hs gas =172 -89 1.35¢g/L 1

Propane C,H,g gas -187 —42 2.02g/L 1

n-Butane Gl gas -135 -0.5 2.48g/L 2

n-Pentane C.Hy, liquid -130 36 0.63 g/mL 3

n-Hexane Cdal, liquid -94 68 0.66 g/mL 5

n-Heptane C.Hie liquid -91 98 0.68 g/mL 9

n-Octane ? liquid -57 126 0.70 g/mL 18

n-Nonane ? liquid -54 151 0.71 g/mL 35

n-Decane ? liquid -30 174 0.73g/mL 75

Activity 1.5

1. What happens to the percentage by mass of hydrogen and the physical state of alkanes
as the number of carbon atoms increase?

2. Categorize the petroleum related products you encounter everyday as solids, liquids
and gases? Discuss in your group and present it to the class.

1.2.2 Physical Properties of Alkanes

Do you knowwhich alkanesexist intheliquid, solid or gaseousstateat roomtemperature?
What types of intermol ecular forces of attraction exist between the mol ecul es of alkanes?
Explain why the boiling points and melting points of alkanes increase with increasing
number of carbon atoms.

Atroomtemperature, thefirst four dkanes, methaneto butane, are gases, whereas pentane
(C,H,,) to heptadecane (C,H.,) areliquids, and the alkanes containing eighteen and

2
more carbon atomsare solids.

Alkanesare nonpolar organic compounds. Weak intermolecular forces called VVan der
Weaal’ sforceshold their mol eculestogether. The strength of theseforcesincreaseswiththe
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increasing surface area (molecular mass) of the alkanes. Since alkanesare non-polar,
they areamost insolublein polar solventslikewater, but, they are solublein non-polar
solventslike benzene, toluene, ether and carbon tetrachloride.

Thedensity, melting point, and boiling point of the homol ogous series of dkanesincrease
asthe carbon number increases. For alkanes of the same carbon number, branched-chain
isomershavelower boiling pointsthan the straight-chain (normal) alkanes. Thereasonis,
as branching increases, there is a decrease in surface area and the strength of the
intermolecular force, which, inturn, resultsin adecreasein boiling point; e.g., theboiling
pointsof n-pentane, i so-pentane and neo-pentaneare 36°C, 28°C and 9.5°C, respectively.

Alkanescontaining all the carbon atomsin one continuous chain are called normal or
straight-chain alkanes and those containing chainswith branches are known as branched-
chainakanes.

Example

In alkanes (branched or straight-chain) each carbon atom istetrahedrally bonded to
four atomswith abond angle of 109.5°.

H

a Ball and Stick Model of Methane b Tetrahedral structure of methane

Figure 1.1 Structure of methane.

In akanes containing acontinuous chain of carbon atoms, the carbon atomsarenot linked
ingtraight linebut in zigzag chainsto keep thetetrahedral distribution of atoms.

10
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Zigzag chain in butane Ball and stick model of butane
Figure 1.2 Zigzag chain and ball and stick model of butane.

1. Why rules are important for naming organic compounds? Discuss in your group some
of the rules you know for naming organic compounds and present it to your class.

2. In mathematics, the names pentagon, hexagon, heptagon and octagon are used to
describe polygons. What does each of the prefixes- pent, -hex, -hept and -oct indicate?
What is the significance of these prefixes in chemistry? Discuss in groups and present
it to the class.

1.2.3 Nomenclature (naming) of Alkanes
Organic chemistry usesas mplified and systematicway of naming organic compounds. The
namesof alkanesand most of the organic compoundsarederived from:

1) aprefix- indicating the number of carbon atoms(listedin Table 1.3)and

i) a-suffix indicating thetype of thefunctional group presentinthemolecule.

Thefollowing tableintroducesthe prefixesthat are used to indicate the presence of oneto
ten carbon atomsinthelongest continuous carbon chain.

Table 1.3 Prefixes commonly used to indicate one to ten carbon atoms.

Prefix Number of carbon atoms Prefix Number of carbon atoms
Meth- One Hex- Six

Eth- Two Hept- Seven

Prop- Three Oct- Eight

But- Four Non- Nine

Pent- Five Dec- Ten

FromTable 1.2, you can notethat the namesof al akanescontainthesuffix ‘-ane’, which
indicatesthat their functiona group isacarbon— carbon singlebond. Thus, to namean

11
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akane, you should usetheappropriate prefix that indi cates the number of carbon atomsand

thesuffix ‘-ane’. For example, tonamethedkane CH, , usetheprefix ‘Hex' that indicate

the presence of x carbon atomsand add thesuffix ‘ -ane’ sothat thenamebecomeshexane.

Activity 1.7

Practice naming alkanes using first four prefixes mentioned in Table 1.3.In naming alkanes,

why are number of carbon atoms used as prefixes? Discuss in groups.

Common Names of Alkanes

L ower membersof theakane homol ogous serieshave common names. The prefixesused
inthecommon namesaren- (normal), ‘iso-’ and ‘neo-". Theprefix n-isused whenal the
carbon atomsform acontinuouschain.

Example
H,C — CH,— CH,—CH, — CH,
n-pentane
H,C — CH,— CH,—CH,— CH, —CH,
n-hexane

Iso- isused when all of the carbon atomsform acontinuous chain, except for theone
next to thelast carbon.

Example
H,C — C|JH — CH, H,C —CH, — ?H — CH,
CH, CH,
Isobutane Isopentane

Neo- isused when the central carbon isbonded to four other carbon atoms.

Example
CH, CH;
H3C—(|?—CH3 H3C—(|2—CH2—CH3
(|3H3 C|jH3
Neopentane Neohexane

12
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I[UPAC System of Nomenclature of Alkanes

Itisdifficult to have common namesfor the more branched and complex alkanes. In
naming such alkanes, the more systematic, convenient and appropriate one is the
International Union of Pureand Applied Chemistry (IUPAC) system. Inorder to apply
thissystem, it isvery important to know therulesto befollowed, what akyl radicalsare,
and how they arenamed.

Alkyl radicals are obtained by removing one hydrogen atom from the corresponding
alkanes. Their general formulaisC H,, .,, wheren=1,2,3.... Thenamesof akyl
radicalsare derived from the names of the corresponding parent alkanes by changing the
suffix -ane to-yl.

Table 1.4 Formulas, names and structures of some alkyl groups.

Formula of Formula of Conden;ecllk 1 Common name
alkane alkyl radical structure of alkyl | ¢ alky] radical
radical
CH, CH,- CH;- Methyl
C,H, C,H CH,CH~ Ethyl
CH; CH - CH,CH,CH,— n-Propyl
CH;, —CH — Isopropyl
CH,
CH,, C,Hs— CH,CH,CH,CH,— n-Butyl
CH3(|3H — CH,— Isobutyl
CH,
T
sec-Butyl
H,C—CH, — C| —|  (s-Butyl)
H
CH,
| tert-Butyl
H3C_? - (t-Butyl)
CH,

The system of naming organic compoundsis based on the recommendationsof IUPAC.
Thefollowing aretherulesestablished by | UPA C to name branched-chain hydrocarbons.

13
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Select thelongest continuous chain of carbon atomsin the mol ecul e asthe parent
structure. The name of the strai ght-chain a kane possessing the same number of
carbon atomsisused asthe nameof thislongest chain. Thegroupsattached to the
parent structure are called side chainsor substituents.

Example 1

CH,

| ~}«+— Side chain

CH,
'CH,—CH, —CH— CH— CH,— CH,— CH,’ Longest continuous
___________ 2 carbon chain

CH

S

Thereareseven carbon aomsinthelongest chain (the parent Structure). Therefore, it
getsthename* heptane”.

2. Assign numbersto the carbon atomsof thelongest chain starting from oneend to

14

the other so that the carbon atomsto which side chainsare attached get thelowest
possible number.

C‘IHZ— CH,
CH,—CH, —CH — CH — CH,—CH,—CH,
CH,

or
CH,— CH,

|
‘cH,—cH, —CH—CH—'CH,—CH,—CH,
CH,

To check whichdirection of numbering iscorrect; add thelocants (numbersassigned
to the carbon atoms to which substituents are attached).

Thesum of locantsinthefirst caseis3+4 =7 andinthesecond case, 4+5=09.
So numbering should be donefromleft toright inthiscase. Thus, thefirst optionis
correct.

Indicate the position of the side chain by using the number assigned to the carbon
atomtowhichitisattached. If the same substituents appear morethan once, usethe
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prefix di-, tri-, tetra- etc. before the name of the substituent to show two, three,
four, etc. substituents, respectively.

4. Numbersare separated from each other by commaswhilethey are separated from
substituent namesby hyphens.

5. Arrangethenamesof the side chainsbeforethe parent namein alphabetical order.
The completenameof thea kanegivenintheaboveexamplewill then be4-ethyl-3-
methyl heptane (substituentsin alphabetical order).

Example 2

CH, €l CH,

i
H,.—C—CH—C—CH,

|
CH, H,C—CH,

Thelongest chain has six carbon atoms and the parent nameishexane. Therearetwo
methy| groupsat carbon-2 and another two methyl groupson carbon-4 and onechlorine
atom at carbon-3. Therefore, the correct name of the compound is 3-chloro-2,2,4,4-
tetramethylhexane.

Example 3
Cl CH, 'CH,

CH, —C—C—CH—'CH —CH,

________

Thelongest chain containseight carbon atoms. Hence, the parent nameof thegivenmolecule
isoctane. There are three methyl groups attached to carbon number 3, 4 and 6; one
bromine atomisattached to carbon-4 and two chlorine atoms are attached to carbon-3
and carbon-5. Thus, the correct name of the compound is4-bromo-3,5-dichloro-3,4,6-
trimethyloctane.

15
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Note:

WhenF, Cl, Br and | appear assubstituents, changethe namesfluorine, chlorine, bromine
andiodinetofluoro, chloro, bromo and iodo, respectively.

Example 4

CH, CH,

| |
H,C —2(|: —3C|?H —‘CH —5$H—6CH2—7 CH,

CH, F CH,

Thereare seven carbon atomsin the parent structure, so it takesthe name heptane. There
aretwo methyl groupsat carbon-2 and two methyl groupsat carbon-4 and carbon-5 and
onefluorineat carbon-3. So the name of the compound is 3-fluoro-2,2,4,5-tetramethyl

heptane.
Activity 1.8

Is there any scientific background for the IUPAC rules or is it just a convention? Why [UPAC
recommendations are followed throughout the world. Present your opinion to the class.

Exercise 1.2
1. Writeany three possiblestructuresfor octane, CH,, and givetheir IUPAC names.
2. GivethelUPAC nameof:

CH, Br CH,

CH, —c| — (|:H —CH— cle — CH,— CH,— CH,
C|H3 (|:H2
o
3.  Writethestructureof 2,2-dimethyl butane.
4. Writethestructureof 2,3-dimethyl pentane.

5. WhenF, Cl, Brand | appear assubstituentsin an organic compound, how arethey
named?

16
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1.2.4 Isomerism

1. Write the molecular formula of the following compounds?
H H H H H CH,

CH,—CH,—CH — CH,

CH,
Do they have the same or different molecular formula?

2. Do they have the same or different molecular formula? Do they have the same or
different physical and chemical properties? Why? What do we call compounds of this
type? Discuss the results in your group and present it to the class.

Thereisonly one possiblestructurefor each of thefirst three alkanes, namely, methane
(CH,), ethane (C_H) and propane (C;H,). Thoseakanes containing four or more carbon
atomshave morethan one structure. The existence of two or more chemical compounds
withthesamemolecular formulabut different structuresiscalled isomerism.

The compounds that have the same molecular formulabut different structuresare
called isomers. Alkanesexhibit atype of structural isomerism called chain or skeletal
isomerism. Thesestructuresdiffer in the arrangement of the carbon atomsand hydrogen

atoms. To understand what isomers are, consider theisomers of butane (C,H, ) and
pentane (C.H,,).

1. Isomersof butane(CH,)
Butane hastwoisomers.

2. |somersof pentane(CH,,)
Pentane hasthreeisomers.

17
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Exercise 1.3
1.  Whichof thefollowing statementsaretrue about isomers:
a They havethesamemolecular formula
b They aredifferent compounds.
c They havedifferent boiling and melting points.
d They havesmilar chemical properties.
2. Draw dl thepossiblestructural isomersfor hexane and namethem.

1.2.5 Preparation of Alkanes

Alkanesarethemgor congtituentsof petroleum and natura gas. They aremainly obtained
by fractional distillation of petroleum. Alkanes can also be prepared in the laboratory.
Somemethods of their preparation areasfollows:

1. Hydrogenation of akeneswithameta catalys.

General Reaction: R—CH=CH, + H, Pt R— CH,—CH,

heat
Alkene Alkane
Example
CH,=—CH, + H, X% CH,— CH,
heat
Ethene Ethane

2. Wdrtz Synthesis(reaction). Thismethod involvesthe reaction of ahal ogenated
akanewith sodium and thereaction issomewhat exothermic.

18
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General Reaction:

2R—X + 2Na — R—R + 2NaX

Halogenated Alkane Sodium halide
Alkane

Example

2CH,] + 2Na —» CH,—CH, + 2Nal

Methyl iodide Ethane Sodium iodide

Thisreactionisnamed as\Wrtz reaction after the French chemist Charles-Adolphe
W(rtz (1817-1884).

3. Hesdting sodium salt of an organic acid with sodalime (mixture of sodiumhydroxide
and calciumoxide); thereaction bringsabout theremoval of the carboxylate group
fromthesodiumsdt of thecarboxylicadid. Thistypeof reactioniscaled decarboxylation.

General Reaction:

CaO

RCOONa + 2NaOH h_; R—H + Na,CO,(s)
ea
Sodium salt Alkane
of organic acid
Example
CaO
CH,COONa + 2NaOH h_ea? CH,(g) + Na,CO,(s)

Sodium acetate Methane

(Sodium ethanoate)

Methane

Methaneisthe main constituent (about 90%) of natura gas. Itisobtained during fractiona
ditillation of petroleum. Methaneisa so formed by the decay and decomposition of animal
and plant remainsin swampy or marshy lands.
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Activity 1.10

Discuss the following points in groups, and present your ideas to the class.

1. Have you ever walked near a marshy or swampy area? Which characteristic smell do
you observe?

2. In most parts of Ethiopia, the walls of houses are constructed from wood and mud. The
mud for this purpose is usually prepared by mixing soil, water and hay or straw. After
two or three weeks of decay and decomposition, an unusual smell is perceived. What
do you think is the cause of this?

3. If Ethiopia introduces the technology of producing biogas to its residents, what benefits
will be obtained by the country? What materials can be used to generate biogas?

Experiment 1.1

Which compound is the main constituent of biogas?
Aulipigial
QLK 'l

Laboratory Preparation of Methane

Objective: To prepare methane and study its properties.

Materialsrequired: Sodium acetate (CH,COONa) and sodalime (CaO, NaOH),
test tubes, delivery tube, stopper, gasjar and gasjar lid, pneumatic trough,
stand, clamp, beehive shelf, Bunsen burner and balance.

Procedure:

Arrangetheassembly asshownin Figure 1.3. Mix thoroughly 5 g powdered sodium
acetatewith 10 g of sodalime. Placethemixtureinthetest tubeand hest it. Collect the
gasby the downward displacement of water. Collect severa jarsof thegas.

-y Rl Delivery tube
stopper — Gas jar
Sodium acetate
+
. ——— Meth
Soda lime Boiling tube s efhane
___________ - 0 Pneumatic
o " trough
Beehive

Bunsen shelf
burner ~~_

Figure 1.3 Preparation of methane.
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a
b
Cc
d

Observations and analysis:

Writealaboratory report on your observation and submit to your teacher.

Carry out the following activities with the collected gas:

Insert aburning splint into thejar full of the gas. Observewhat happensin thejar.
Add Ca(OH), solutionto thejar and observe. Add afew drops of brominewater
toany oneof thegasjarsfilled with methane. Cover thegasjar and shakewell.

What isthe colour of thegas?Isit solublein water?

Isthe gas combustible? Write abal anced equation for the change.
What change did you observe upon addition of Ca(OH),?
Isthereany change when brominewater isadded?

M ethane can be produced in abiogas plant. The biogas plant generates biogas, mainly
cons gting of methane by anaerobicfermentation of organic materid ssuch ashuman excreta,
anima dung and agricultural residue.

The conversion of organic materialsinto biogasinvolvesasequenceof reactionsandis
graphicaly depictedinFigure 1.4.

Organic material + Water

A4

Hydrolysis

A4

Anaerobic fermentation

. |

Biogas Residue
Methane and CO, Watery fractions

and heavy solids (sand, soil)

Figure 1.4 Reactions in the production of biogas.

Themateria sthat can be used to produce biogasinclude dung from cattle, pigs, chickens,
chopped green plants and plant wastes. The advantages of biogastechnology include
saving onfud such askerosene, wood and charcod , and decreaseinlocal deforestation. The
residue obtained after preparing the biogas can be used asfertilizer.
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0\
Experiment 1.2 _“!"“!*E

Production of Methane from Cow Dung

Objective: Topreparebiogasfromlocally availablematerias.
Materialsrequired: Conicd flask, cow dung, water, delivery tubewith tap and stopper
withonehole.

Procedure:

1. Mix somecow dungwithwater and pour itinaconical flask.

2. Fittheconical flask with astopper inwhich adelivery tubewith atap isinserted.

3. Covertheconicd flask with acotton wool and placeit near awindow and leaveit
therefor 3to 4 days.

4.  Check theformation of methanedfter 4 days (Bringalighted splint closer totheoutlet
of thedelivery tube and open thetap). See what happens.

Figure 1.5 Preparation of methane gas from cow dung.
Observations and analysis:

a Whatistheimportanceof covering the conicd flask with acottonwool and placing
it near thewindow?

b Whatisyour observationwhen you bring aburning splint closeto theoutl et of the
tube?

¢ What changedoyouthink hasoccurredintheconicd flask thet leadstotheformetion
of methane?

Writealaboratory report in group and present to theclass.

PROJECT 1.1

Organizeatriptovistabiogasplantin your Kebe eor neighbouring Kebelesif any
and writeareport on how it operates. Construct asmal scalebiogasplant in groups.
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1.2.6 Chemical Properties of Alkanes

Activity 1.11

Discuss the following points in groups and present your opinions to the class.

1. Which chemical property of alkanes is responsible for generating electricity in diesel
power stations or for moving motor vehicles? Name the major product formed when
the fuel has been consumed in the diesel power station.

2. The reaction of methane with oxygen produces two different oxides of carbon, CO,
and CO.

1 What condition determines whether the product of the methane reaction is CO, or CO?

b If a domestic heating system is fuelled by methane, what difference does it make
if the combustion produces CO, or CO?

Alkanesaregenerally not considered to be very reactive organic compounds. The name
paraffinfor alkanesarosefromtwo Latinwords' parum’ meaning littleand ‘ affinis means
affinity. Thus, paraffin meanslittleaffinity. Thisnamewas suggested because alkanesare
inert towards many reagentslike acids, bases, oxidizing and reducing agents. However,
they undergo severa reactionsunder suitable conditions.

The major reactions of alkanes are the following:

1. Combustion Reactions. If alkanesare burned with limited supply of oxygen,
they will formwater and carbon monoxideand will liberatelesser amountsof heat
energy. Alkanesburninexcessoxygentoform carbon dioxideand water, liberating
agreater amountsof heat. Thegenera equationfor thereactionis:

3n+1
CHyo + ( 5 joz — nCO, + (n+1)HO + heat

wherenisthe number of carbon atomsin thealkane molecule.

Example
CHy + 50, — 3CO, + 4H,0 + 2299kJ

Theheat energy liberated isused to generate €l ectricity, to move motor vehiclesor
to cook our food.
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Activity 1.12

1. Write the general equation for the combustion of alkanes in a limited supply of oxygen
that forms carbon monoxide, water and energy.

2. Why is a petroleum refinery is built in the open air? Present your opinion to the class.

2. Substitution Reaction: Thisisareaction that involvesthe replacement of one
atom or agroup of atoms by another atom or group of atoms. Hal ogenation of
alkanesisavery good example of substitution reaction. Thisreactioninvolves
reacting akaneswith chlorine and bromine. Thereaction of chlorineand bromine
with alkanes proceedsin presence of heat or sunlight. Thistypeof reactionis
called photochemical reaction. Thereaction of kaneswith chlorineand bromine
proceedsin asequence of steps. For example, let usconsider the photochemical
reaction of methanewith chlorine(chlorination):

i) Chain Initiating Step: Thisstep involvesabsorption of energy to generate
reactive particles known as free radicals. A free radical is an atom or a
group of atomspossessing unpaired electron. A freeradical iselectricaly neutrd.
A chlorinemolecul e absorbslight and decomposesinto two chlorineatoms:
Cl—Cl 1@2 2 Cle

i) Chain Propagating Sep: Thisisastepwhich consumesareactiveparticle(free
radical) produced inthechaninitiation step and generatesanother freeradical.

Cle + CH, — HCl + CH,

111) Chain Terminating Step: Inthechainterminating step reactive particles(free
radicals) are consumed but not generated.

CHe + Cl- — CHCI

Inthisstep, ‘Sidereactions’ that do not lead to theformation of the desired products
oftentakeplace.

Examples
Cle + Cl+ — Cl,

CHe + CH, —» CH,—CH,

Such adetailed step by step description of achemical reactioniscalled areaction
mechanism.
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Chlorination of methane may produce different productsdepending ontherelaive
amountsof methaneand chlorine.

CH,(9) + CL(@ — CHCI(g) + HCI(g
Methyl chloride
CHCI(g + CL@ — CHCL(g) + HCl(g
Methylene chloride (dichloromethane)
CHCl(9 + CL(@ — CHC,(@ + HC
Chloroform (trichloromethane)
CHCl(@ + Cl,(@ — CCl,(g + HC(g
Carbontetrachloride (tetrachloromethane)

Thechlorination of methaneisan exampleof achainreactionthat involvesaseriesof
seps.

Alkanes do not react with chlorine and bromine in the dark but they do so in the
presence of sunlight. Discuss the role of sunlight for the reaction in your group and
present to the class.

3. Eliminationreaction: Thistypeof reactioninvolvestheremova of smaler molecules
fromacompound and |eadsto the formation of acompound containing amultiple
bond (unsaturated compound). It can dsoinvolvetheremoval of hydrogen atoms
from adjacent carbon atomsaat rel atively high temperatures.

cuc, 2508 oy, —cn, + 1,
Ethane Ethene
CH,CH,—CH, M» CH,=—CH, + CH,
Propane Ethene = Methane

Cycloalkanes

Cycloa kanesare saturated hydrocarbonsin whichthe carbon atomsarelinkedinsuch a
manner asto form closed chainsor ring structures. They are represented by the general
formula, C H,, , wheren> 3. Cycloalkanesareisomeric with open-chain dkenes. Their
names are obtained by prefixing “cyclo” to the name of an alkane containing the same
number of carbon atoms. Thefollowing structuresrepresent someexamplesof cycloakanes.
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H H H
NIV |
H C H—C—C—H
\C/ \C g o A | | or
Sy H—C—C—H
ool [
H H
Cylopentane (C;H) Cylobutane (C,Hy)
H H H H
\ / H \C/ H
H—Cc—Cc—H AN N4
H /| \_H H—C G H
S oo o | | or
NNEDZAN H—C C—H
C H

VaN
/N H > H
H H H
Cylopentane (C,H,,) Cyclohexane (C,H,,)

Uses of Alkanes

Alkanesare primarily used asfuels. They arealso used assolvents, raw materialsfor
making alkenes, a cohols, soaps, detergentsand plastics.

Exercise 1.4

Writethe molecular formul as of adkanes containing thefollowing number of carbon
atoms.

a b5 b 8 c 15
Definetheterms

a Homologousseries d Subdtitutionreaction

b Alkyl radica e Combustionreaction

c Isomerigm f Functiond groups

Writethe bal anced equation for the compl ete combustion of octane.

How many chainisomersaretherefor an alkanethat contains 7 carbon atoms?
GivelUPAC namesto each of thefollowing.

a

CH,— CH — CH — CH, — CH,

| |
cl ol
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CH,

H,C—CH—C—CH,

CH, CH,

CH,

|
CH,— CH— C — CH,— CH,

CH; Br

CH,— CH,

CH,— CH—CH— CH,— CH,

CH,

CH, CH,— CH,
| |
CH,— C—CH,—CH—CH,— CH— CH,

CH, CH,

6. Writethestructura formulasof thefollowing compounds.
a 2,3-dimethylbutane
b 2-bromo-3,3,4,4-tetramethylhexane.
c 2-chloro-4-ethyl-2,3-dimethylhexane.

7. Completeand balancethefollowing chemica reaction:

Complete
Combustion

CHy, + O,

1.3 UNSATURATED HYDROCARBONS

Competencies

By the end of this section, you will be able to:
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define unsaturated hydrocarbons;
defineakenes,
writethegenera formulaof akenes,

writethemolecular formulafor thefirst nine membersin the homologous seriesof
akenes,

definedkynes;
writethegenera formulaof akynes,

writethemolecular formulafor thefirst nine membersin the homologous seriesof
akynes,

writethemolecular formulasof akenesand dkynesfromthegiven number of carbon
atoms;

describethe physical propertiesof alkenesand akynes,

apply ITUPAC rulesto name straight-and branched-chain alkenesand alkynes,
writethe structural formulas of akenesand akynesup to ten carbon atoms;
writethe possible structural isomersfor CH,andCH, ;
define geometric (cis-trans) isomerism;

giveexamplesof molecul esthat show geometricisomerism;

construct model sthat show cis-transisomerism;

describethe general methodsfor the preparation of alkenesin alaboratory;
prepare ethyleneinthelaboratory by the dehydration of ethanol;
describethe general method for preparation of alkynesin alaboratory;
prepare acetylenein thelaboratory by thereaction of CaC, with water;

test for unsaturation of ethyleneand ethyne;

explain chemical propertiesof akenes,

explainchemical propertiesof akynes,

explainthe usesof ethyleneand acetylene;

compare and contrast the properties of ethane, etheneand ethyne.
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Unsaturated hydrocarbonsarethose compoundsof carbon and hydrogen containing either
doubleor triple bonds. These groups of hydrocarbonsinclude akenesand alkynes.

1.3.1 Alkenes or Olefins

1. The molecular formulas for the first three members of an alkene series are C,H,, C,H,
and C,H,. Derive the general formula for alkenes and compare it with that of alkanes. Is

there a difference in the number of hydrogen atoms?

2. By referring to Table 1.5, what relationship do you observe between the number of
carbon atoms and melting point, boiling point and density?

Discuss with your group and present it to the class.

Alkenesare unsaturated hydrocarbons contai ning acarbon-carbon double bond astheir

functiona group: >C— C<

They ared so known asolefins. They form ahomol ogous seriesrepresented by thegenera
formulaC H, ,wheren=2,3,4....

Table 1.5 The homologous series of alkenes and their physical constants.

Molecular | Condensed IUPAC Melting Boiling Density
formula structure name point (°C) point (°C)

C,H, CH,=CH, Ethene -169 -102 061g/L
C,Hg CH,=CH-CH, Propene -185 —48 0.619g/L
C,Hg CH,=CH-CH, - CH, 1-butene -130 -6.5 0.639g/L
C.H,p CH,=CH-(CH,),-CH; | 1-pentene -130.5 30 0.649g/L
Lol CH,=CH-(CH,),—CH, | 1-hexene -138 63 0.67 g/L
C,Hy, CH,=CH-(CH,),—CH, | 1-heptene -119 93 0.699g/L
CgHyg CH,=CH-(CH,);-CH; | l-octene -104 122 0.72g/L
Cglrhys CH, =CH - (CH,);—CH; | 1-nonene -95 146 0.73¢g/L
Con i CH,=CH-(CH,),—CH, | 1-decene -87 171 0.74g/L
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Physical Properties of Alkenes

1. Why some alkenes exist in gaseous and liquid states at room temperature?

2. The melting points, boiling points and densities of alkenes increase with increasing
number of carbon atoms; why?

3. Are alkenes coloured compounds? Do they have smell?

Discuss with your group and present it to the class.

At room temperature, alkenes containing two to four carbon atoms are gases. Those
containing five to seventeen carbon atomsareliquids, and those contai ning el ghteen or
more carbon atomsare solids.

Alkenesarenon-polar. Therefore, their moleculesareheld together by weak inter-molecular
forces. Sincethey arenon-polar, they areamost insolublein polar solventslikewater, but
solublein non-polar solventslike ether, benzene, toluene and carbon tetrachl oride.

Nomenclature of Alkenes

Alkenescan havecommon namesaswell as| UPA C names. Thecommon namesof akenes
areobtained by using the prefixesin Table 1.3 and adding the suffix ‘ -ylene':

Table 1.6 Common names of few alkenes.

Formula of Condensed Common

Alkene Structure Name

C,H, CH,=CH, Ethylene

C,Hg CH, =CH -CH, Propylene

C,Hg CH, = CH -CH,—CH, Butylene
|UPAC System

Activity 1.16

1. What difference do you expect in the IUPAC names of alkanes and alkenes?

2. If you are asked to name the following hydrocarbons:
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CH,
i) H3C—CH—C|?H—CH2—CH3
CH,
CH,
i) H3C—CH—(|2H—CH2—C=CH2
CH, H

a How many carbon atoms are there in the longest chain of each hydrocarbon?

b From which end do you start numbering the carbon atoms of the longest chain of
the hydrocarbon shown in structure i?

¢ From which end do you start numbering the carbon atoms of the longest chain of
the hydrocarbon shown in structure ii?

d Is there any difference in how you assign number to the carbon atoms of the
longest chain represented by structures i and ii? If so, why?

e Which name do you think is more appropriate for the longest chain of carbon
atoms in structure ii? 5-hexene or 1-hexene or hexane? Discuss these questions in
your group and present to the class.

ThelUPAC names of alkenes are obtained by using the prefixeslisted in Table 1.3 to
indicate the number of carbon atomsin the molecule and adding the suffix -ene’. The
suffix *-ene’ indicatesthe presence of adouble bond. For example, the alkene having the
formulaC_H. isnamed asoctene. The prefix oct- indicatesthat there are eight carbon

8 '16
atomsinthemoleculeand‘-ene’ signifiesthe presence of adoublebond.

Inthe lUPAC system of naming alkenes, theruleswefollow aresimilar to thoseruleswe
follow for naming akaneswith dight modifications. Theseare:

1. Sdectthelongest continuouschain of carbon atomsin the moleculethat includesthe
doublebond asaparent structure. Itsnamewill bethe same asthe akene containing
the same number of carbon atoms.

Activity 1.17

Why should the double bond(s) in alkenes be included in the longest continuous chain?
Express your opinion to the class.

31




- CHEMISTRY GRADE 10

Number the carbon atoms starting from one end to the other in such away that the
carbon atom preceding the double bond takes the lowest possible number and
indicatethe position of the double bond by thisnumber inthe name.

Example 1
CH, —'CH—'CH—CH,— CH,— CH,
6 5 4 3 2 1
2-hexene or hex-2-ene
but not 4-hexene

CH,—'CH— CH,— CH,— CH,
5 4 3 2 1

I-pentene or pent-1-ene
but not 4-pentene

Example 2

\°CH,! CH,

Thelongest chain contains 7 carbon atoms and adoubl e bond between the 2nd
and 3rd carbon atoms. Therefore, it takes the name 2-heptene or hept-2-ene.
Therearethreemethyl groupsat carbon number 3, 4 and 5. So thecompletename
of thecompoundis:

3, 4, 5-trimethyl-2-heptene or 3, 4, 5-trimethyl hept-2-ene

Example 3
CH,

] Qﬁz_rf@ﬁz:fgff‘eﬂ__—_ic;ﬁ:fg_:f@ﬁg:f%i
CH, CH, ClI
|

CH
The parent structure cf)nta' ns8 carbon atoms and adoubl e bond between 3rd and
4th carbon atoms. Thus, it isnamed as 3-octene or oct-3-ene. The side chains
attached are chlorine at the 6th, two methyl groups at 5th and 6th and an ethyl
group at carbon number 3. Therefore, the complete name of the compoundis:
6-chloro-3-ethyl-5,6-dimethyl-3-octene, or
6-chloro-3-ethyl-5,6-dimethyloct-3-ene.
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Exercise 1.5
1. Writethenamesof thefollowing compounds, usng lUPAC rules:
CH,
a  CH,CH,CH,— C=C— CH,CH,
e
b  CH,CH,— C—CH,CH,

CHCH,
2. Writethestructure of each of thefollowing compounds:
a 3-methyl-3-heptene b 34-diethyl-1-hexene

Isomerism in Alkenes

Alkenescontaining two and three carbon atomshave only one possiblestructure. Alkenes
containing four or more carbon atomsexhibit isomerism. Alkenesshow thefollowing three

typesof isomerism:
1. Chainisomerism: Thisisduetothedifferenceinthearrangement of the carbon
atomsinthelongest continuouscarbon chain.

2. Pogtionisomerism: Thisisdueto thedifferencein the position of thedoublebond
inthecarbon chain.

Example
Consider thefollowing compoundswith the same mol ecular formula(CH,.):
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Compounds (@) and (b) represent the position isomersof pentene, (c) and (d) are
positionisomersof methylbutene, (), (¢) and (e) arethe chainisomers, whileall
thesecompoundsaretheisomersof CH. .

3.  Geometrical isomerism. Thisresultsfrom thedifferenceintherelative spatial
arrangement of atomsor groupsabout the doublebond. Thisisomerismexistsbecause
freerotation about the double bond isnot possible. To differentiate geometrical
isomers, we usethe prefix ‘ cis' if two similar groupsare on the same side of the
doublebond and *trans’ when the two similar groupsare on oppositesidesof it;
‘ciS meansthesameand ‘trans meansacross.

Thegeometrical isomersof 2-penteneare:;

H3C\C B C/CHZ— CH, H3C\C B C/ H
/7N / N
H H H CH,— CH,
cis-2-pentene or cis-pent-2-ene trans-2-pentene or trans-pent-2-ene

Alkeneshave moreisomersthan the corresponding alkanes.

Exercise 1.6
Write three position isomers of hexene.

PROJECT 1.2

Prepareamode fromlocally available materiass, to show the cis-transisomers of
2-butene.

Preparation of Alkenes

Do you know the major source of alkenesand the processthat leadsto their formation?
Alkenesaremainly obtained during fractiona distillation of petroleum when the process
caled crackingiscarried out.

In the laboratory, alkenes can be prepared by:

1. Dehydration of alcoholswith concentrated sulphuric acid or alumina (Al,O,).
Dehydration meansremova of water.

General Reaction:

H,SO
R — CH,—CH,— OH ﬁﬁ R—CH=CH, + HO
Alcohol Alkene
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Example

2. Dehydrohalogenation of alkyl halideswith abase (KOH). Dehydroha ogenation
meansremoval of hydrogen and ahal ogen atom.

Alkyl halides are compounds of anakyl group and ahal ogen such as CH,Cl and
CH,—CH,—-Br.

General reaction:
R—CH,—CH,—X + KOH — R—CH=CH, + KX + H,0
Alkylhalide Alkene

Example
CH,—CH,—Cl + KOH — CH,—CH, + KCI + H,0
Ethylchloride Ethene

Activity 1.18

In the above two methods of preparations of alkenes, (a) what difference do you observe
between the structures of the major reactant and the product? (b) What is the type of
reaction? Share your findings with your group.

Exercise 1.7

Write the complete and balanced chemical equationsfor each of thefollowing
reactions.

(|)H
H
a CH, — CH — CH, H,50,,
heat
]i?»r
b CH,—CH—CH, + KOH ——»
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