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Chapter 5 Instructional Goals 

In this chapter you will learn how to: 

 
➊ Distinguish organic compounds from ionic 

inorganic compounds 

➋ Recognize the characteristic features of organic 

compounds 

➌ Use shorthand methods to draw organic 

molecules 

➍ Recognize the common functional groups and 

understand their importance 

➎ Identify and draw acyclic alkanes and 

cycloalkanes 

➏  Name alkanes using the IUPAC system of 

nomenclature 

➐ Predict the physical properties of alkanes 
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5. Organic Chemistry  

5.1 What is organic chemistry? 

• Organic chemistry is the study of compounds that contain the element carbon. 

Clothes, foods, medicines, gasoline, refrigerants, and soaps are composed 

almost solely of organic compounds. By studying the principles and concepts of 

organic chemistry, you can learn more about compounds present in these substances 

and how they affect the world around you.  

 
 

 Organic compounds exist as discrete molecules with much weaker 

intermolecular forces-the forces that exist between molecules-than those 

seen in ionic compounds, which are held together by very strong 

interactions of oppositely charged ions. 

As a result, organic compounds resemble other covalent compounds in that they have 

much lower melting points and boiling points than ionic compounds. While ionic 

compounds are generally solids at room temperature, many organic compounds are 

liquids and some are even gases. Table 1 compares these and other properties of a 

typical organic compound (butane,CH3CH2CH2CH3) and a typical ionic inorganic 

compound (sodium chloride, NaCl). 

Table 1 compared between organic and inorganic compounds 
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5.2 Characteristic Features of Organic Compounds 

What are the common features of organic compounds? 

[1] All organic compounds contain carbon atoms and most contain hydrogen 

atoms. Carbon always forms four covalent bonds, and hydrogen forms one 

covalent bond. 

 
[2]  Carbon forms single, double, and triple bonds to other carbon atoms. 

When a compound contains two or more carbon atoms, the type of bonding is 

determined by the number of atoms around carbon. Consider the three compounds 

drawn below: 

 
 A C atom surrounded by four atoms forms four single bonds. In ethane (C2H6), each 

carbon atom is bonded to three hydrogen atoms and one carbon atom. All bonds are 

single bonds. 

 A C atom surrounded by three atoms forms one double bond. In ethylene (C2H4), 

each carbon atom is surrounded by three atoms (two hydrogens and one carbon); 

thus, each C forms a single bond to each hydrogen atom and a double bond to carbon. 

 A C atom surrounded by two atoms generally forms one triple bond. In acetylene 

(C2H2), each carbon atom is surrounded by two atoms (one hydrogen and one 

carbon); thus, each C forms a single bond to hydrogen and a triple bond to carbon. 

  

[3] Some compounds have chains of atoms and some compounds have rings. 

For example, three carbon atoms can bond in a row to form propane, or form a 

ring called cyclopropane. Propane is the fuel burned in gas grills, and cyclopropane is 

an anesthetic. 

 
[4] Organic compounds may also contain elements other than carbon and 

hydrogen. Any atom that is not carbon or hydrogen is called a heteroatom. 
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5.3 Functional Groups 

In addition to strong C-C and C-H bonds, organic molecules may have other structural 

features as well. Although over 20 million organic compounds are currently known, 

only a limited number of common structural features, called functional groups, are 

found in these molecules. 

 A functional group is an atom or a group of atoms with characteristic 

chemical and physical properties. 

 A functional group contains a heteroatom, a multiple bond, or sometimes 

both a heteroatom and a multiple bond. 

A functional group determines a molecule’s shape, properties, and the type of 

reactions it undergoes. A functional group behaves the same whether it is bonded to a 

carbon backbone having as few as two or as many as 20 carbons. For this reason, we 

often abbreviate the carbon and hydrogen portion of the molecule by a capital letter 

R, and draw the R bonded to a particular functional group. 

 

Ethanol (CH3CH2OH), for example, has two carbons and five hydrogens in its carbon 

backbone, as well as an OH group, a functional group called a hydroxyl group. The 

hydroxyl group determines the physical properties of ethanol as well as the type of 

reactions it undergoes. Moreover, any organic molecule containing a hydroxyl group 

has properties similar to ethanol. Compounds that contain a hydroxyl group are called 

alcohols. 

 

The most common functional groups can be subdivided into three types. 

• Hydrocarbons 

• Compounds containing a single bond to a heteroatom 

• Compounds containing a C O group 
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5.4 Hydrocarbons 

Hydrocarbons are compounds that contain only the elements of carbon and 

hydrogen, as shown in below Table. 

 

• Alkanes have only C-C single bonds and no functional group. Ethane, CH3CH3, 

is a simple alkane. 

• Alkenes have a C=C double bond as their functional group. Ethylene, 

CH2=CH2, is a simple alkene. 

• Alkynes have a CC triple bond as their functional group. Acetylene, HCCH, 

is a simple alkyne. 

• Aromatic hydrocarbons contain a benzene ring, a six-membered ring with three 

double bonds. 

All hydrocarbons other than alkanes contain multiple bonds. Alkanes, which have no 

functional groups and therefore no reactive sites, are notoriously unreactive except 

under very drastic conditions. For example, polyethylene is a synthetic plastic and 

high molecular weight alkane, consisting of long chains of CH2 groups bonded 

together, hundreds or even thousands of atoms long. Because it has no reactive sites, 

it is a very stable compound that does not readily degrade and thus persists for years 

in landfills 
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5.5 Alkanes 

5.5.1 Introduction 

Now that we have learned some general features of organic compounds, we can 

examine the alkanes, the simplest organic molecules, in more detail. Alkanes are 

hydrocarbons having only C-C and C-H single bonds. The carbons of an alkane 

can be joined together to form chains or rings of atoms. 

• Alkanes that contain chains of carbon atoms but no rings are called acyclic 

alkanes. An acyclic alkane has the molecular formula CnH2n + 2, where n is the 

number of carbons it contains. Acyclic alkanes are also called saturated 

hydrocarbons because they have the maximum number of hydrogen atoms per 

carbon. 

• Cycloalkanes contain carbons joined in one or more rings. Since a cycloalkane 

has two fewer H’s than an acyclic alkane with the same number of carbons, its 

general formula is CnH2n. 
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• Methane, CH4, has a single carbon atom surrounded by four hydrogens to give 

it four bonds. 

• Ethane, CH3CH3, has two carbon atoms joined together by a single bond. Each 

carbon is also bonded to three hydrogens to give it four bonds total. 

Since each carbon in an alkane is surrounded by four atoms, each carbon is 

tetrahedral, and all bond angles are 109.5°. 
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5.5.2 Alkane Nomenclature 

 The IUPAC System of Nomenclature 

How are organic compounds named? Long ago, the name of a compound was often 

based on the plant or animal source from which it was obtained. For example, the 

name allicin, the principal component of the odor of garlic, is derived from the 

botanical name for garlic, Allium sativum. 

With the isolation and preparation of thousands of new organic compounds it became 

obvious that each organic compound must have an unambiguous name. A systematic 

method of naming compounds (a system of nomenclature) was developed by the 

International Union of Pure and Applied Chemistry. It is referred to as the IUPAC 

system of nomenclature. 

 The Basic Features of Alkane Nomenclature 

Although the names of the straight-chain alkanes having 10 carbons or fewer were 

already given in Table 10.6, we must also learn how to name alkanes that have carbon 

branches, called substituents, bonded to a long chain. The names of these organic 

molecules have three parts. 

 The parent name indicates the number of carbons in the longest continuous 

carbon chain in the molecule. 

 The suffix indicates what functional group is present. 

 The prefix tells us the identity, location, and number of substituents attached 

to the carbon chain. 

 

The suffix-ane indicates that the compounds are alkanes. The remainder of the 

name is the parent name, which indicates the number of carbon atoms in the longest 

carbon chain. The parent name for one carbon is meth-, for two carbons is eth-, and 

so on. Thus, we are already familiar with two parts of the name of an organic 

compound. To determine the third part of a name, the prefix, we must learn how to 

name the substituents that are bonded to the longest carbon chain. 
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 Naming Substituents 

Carbon substituents bonded to a long carbon chain are called alkyl groups. 

• An alkyl group is formed by removing one hydrogen from an alkane. 

 

An alkyl group is a part of a molecule that is now able to bond to another atom 

or a functional group. To name an alkyl group, change the -ane ending of the 

parent alkane to -yl. Thus, methane (CH4) becomes methyl (CH3–) and ethane 

(CH3CH3) becomes ethyl (CH3CH2–). Removing one hydrogen from an end carbon in 

any straight-chain alkane forms other alkyl groups named in a similar fashion. Thus, 

propane (CH3CH2CH3) becomes propyl (CH3CH2CH2–) and butane 

(CH3CH2CH2CH3) becomes butyl (CH3CH2CH2CH2–). The names of alkyl groups 

having six carbons or fewer are summarized in below Table. 
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