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INTRODUCTION TO ORGANIC CHEMISTRY 
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UNIT 01: ORGANIC BASICS 

 

Organic chemistry involves the study of compounds of carbon. Carbon atoms have the ability to form 

stable bonds with one another, and hence make chains of virtually any length, as well as complex ring 

(where the head and tail of chain join together), and 3-D cage structures. This means that there are a 

colossal number of compounds containing carbon and hydrogen only (called hydrocarbons), and millions 

of other organic compounds containing carbon, hydrogen, and other elements like N, O, S, and halogens 

(the halogens are found in group 17 of the periodic table, F fluorine, Cl chlorine, Br bromine, and I iodine). 

For example, 

 

‘DEET’ 
 

  

N,N-diethyl-3-methyl-Benzamide 

C12H17NO 

‘DDT’ 
 

 

1,1'-(2,2,2-Trichloro-1,1-ethanediyl)bis(4-

chlorobenzene) 

C14H9Cl5 

 

‘Basketene’ 

 

Pentacyclo[4.4.0.02,5.03,8.04,7]dec-9-ene 

C10H10 

 

‘Sulfur Mustard’ 

 

1-Chloro-2-[(2-chloroethyl)sulfanyl]ethane 

C4H8Cl2S 

 

Image Credits: www.chemspider.com 

 

The individual atoms that make up these compounds may be bonded (attached) to one another in many 

different ways, but there is consistency regarding the total number of bonds each type of atom may make. 

http://www.chemspider.com/
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In all of the organic compounds that we will consider, all of the carbon atoms must make four 

bonds, all of the oxygen atoms must make two bonds, all of the nitrogen atoms must make three 

bonds, and all of the hydrogen atoms & all of the halogen (group 17) atoms, must make one bond. 

 

Type of atom Number of bonds 

Carbon 4 

Hydrogen 1 

Oxygen 2 

Nitrogen 3 

Halogens 1 

 

• Covalent bonds 

 

What do we mean by ‘bonds’? In the simplest sense, covalent bonds are formed between atoms when a 

pair of electrons are shared between two atoms. We represent covalent bonds with lines (-), where a line 

joins two atoms, and each line represents one shared pair of electrons. 

 

• Lewis structures and valence electrons 

 

Lewis structures use dots (and/or lines) to represent valence electrons in atoms when they form 

molecules. Valance electrons are those found in the outer shells of an atom’s electronic configuration. 

 

Atom Number of valence electrons 

C 4 

H 1 

O 6 

N 5 

Halogens 7 

 

When atoms form molecules, they share electrons to achieve full s and p valence sub-shells. In the case 

of hydrogen a full valence is two (a duet), in the case of other elements this is eight (an octet). Atoms 

must acquire this octet of electrons in order to be stable. There is a relationship between the number of 

bonds an atom makes, and the number of valence electrons that it has. 
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• Lone pairs 

 

Since we have identified that, for example, oxygen will form two covalent bonds, and that each covalent 

bond represents a pair of electrons, in isolation, this means that an oxygen atom appears to be short of its 

‘octet’. 

 

However, what is not shown above are the two lone pairs, that make up oxygen’s octet.  

 

 

With the lone (non-bonding) pairs shown as dots, we can see how an oxygen atom in this configuration 

has achieved its octet (two pairs in each of the covalent bonds, plus two lone pairs for a total of eight 

valence electrons). Sometimes you will see atoms drawn without their lone pairs (first diagram above), 

and sometimes with their lone pairs (second diagram above).  
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• Characteristics of organic compounds 

 

With millions of possible organic compounds comes the need to distinguish between millions of 

organic compounds. One such way is to use chemical formula. That’s fine, but when you 

consider that www.chemspider.com currently lists twenty-six different compounds with the 

relatively simple molecular formula C8H18, it quickly becomes apparent that we need much finer 

filters. Each of those twenty-six compounds of C8H18, and each of the millions and millions of 

others, requires a unique set of characteristics that distinguish it, and them, from each of the 

others. 

 

We will consider six, identifying characteristics of organic compounds. Below, a single 

compound, ethanoic acid, is used to illustrate each of the six characteristics. For reference, here 

is just ONE way to illustrate ethanoic acid. 

 

 

 

Now let’s consider the six ways to characterize an organic compound. Each way uses ethanoic 

acid as the example. 

 

1. Empirical formula – showing the simplest whole number ratio of the atoms of each element 

in that compound e.g., CH2O for ethanoic acid, meaning there is a simplest ratio of 1:2:1 of 

C:H:O atoms in a single molecule of ethanoic acid. 

 

2. Molecular formula - showing the actual number of atoms of each element in one molecule of 

that compound e.g., C2H4O2 for ethanoic acid, meaning there are two carbon atoms, four 

hydrogen atoms and two oxygen atoms present in a single molecule of ethanoic acid. 

 

3. Structural/Condensed formula - showing how those atoms are arranged, e.g., CH3CO2H for 

ethanoic acid, meaning three hydrogen atoms are attached to one carbon atom (CH3 in the 

http://www.chemspider.com/
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red circle), which is attached to another carbon atom which in turn has two oxygen atoms 

attached to it (CO2 in the green circle), one of which has a hydrogen atom (H in the pink 

circle) attached to it, ultimately making CH3CO2H. 

 

 

 

4. Graphical (Lewis) formula - showing how these atoms are arranged in space and the bonds 

between them. Lines represent covalent bonds (shared pairs of electrons) between atoms 

e.g., for ethanoic acid a double line (=) represents a double covalent bond and a single line 

(–) represents a single covalent bond. Lone pairs may (or may not) be shown, and in the 

case below, two lone pairs are omitted from each of the O atoms. 

 

 

 

 Additionally, wedges and dotted lines can be used in order to represent covalent bonds and  

their 3D positions in space. A wedge ( ) represents a bond coming toward the viewer, 

and a dotted line ( ) represents one going away from the viewer. All of the ‘normal’ lines 

represent bonds in the plane of the paper. In turn, you may also see 3-D models (see 

www.molview.org) like the ball & stick model shown below. e.g., for ethanoic acid, 

 

 

and 

 

 

5. Skeletal formula – showing an abbreviated form of the carbon chain, with each line segment 

understood to either have a carbon atom at both ends ( - represents C-C), or a carbon atom 

C C

O

O

H

H

H

H

C

O

O

C

H

H
H

H

http://www.molview.org/


 
© Adrian Dingle’s Chemistry Pages and ChemEducator LLC 2021 – All rights reserved 

3/31/20 10:21 AM  Page 7 of 7 

 

at one end, and whatever atom is shown at the other (e.g., -O represents C-O). These 

structures may (or may not) show terminal (end of chain) carbons. e.g., for ethanoic acid 

 

 

and 

 

  

 Note: In the skeletal formula on the left, it might be less obvious that there is a carbon atom on the far 

left of the molecule at the end of line, and in addition, that the carbon has three other hydrogens 

attached to it! In both skeletal structures above, the carbon atom that is double bonded to the oxygen 

atom is omitted, as are lone pairs on the O atoms. 

 

 In another example, what this means is that a structure like the one below, actually has the molecular 

formula, C5H12. It takes some getting used to! 

 

 

 

6. Name - based upon an accepted system for naming compounds e.g., CH3CO2H, is named, 

“ethanoic acid” in IUPAC nomenclature. However, before diving into nomenclature, note the 

following very carefully! 

 

In the examples on page 1 you will see two names for each compound. DEET, DDT, 

Basketene, and Sulfur Mustard are the trivial (non-systematic or ‘common’) names of the 

compounds. Below each drawn structure you will see the systematic name for each (along with 

the molecular formula). A quick look at those systematic names shows why trivial names are 

often favored! 

 

The systematic naming of organic compounds is governed by the International Union of Pure 

and Applied Chemistry (IUPAC), and the rules for naming compounds are summarized in their 

‘Blue Book’. Those rules can be found at www.acdlabs.com/iupac/nomenclature/. From simple 

origins, those rules become seemingly infinitely complex extremely quickly, and we will only 

scratch the surface, but the next unit is devoted to the science/art of naming organic molecules 

otherwise known as organic nomenclature. 

O

OH CH3

O

OH

http://www.acdlabs.com/iupac/nomenclature/

