
Organic chemistry is an exceptionally important area of chemistry. The majority of chemicals occurring either naturally or synthetically are organic compounds. The analogy often given is that if you were looking at the names in a phone book for a city like Winnipeg, 90% of the names in the phonebook would belong to the family of organic compounds! Essentially, organic chemistry is the chemistry of the element carbon. As a Group lV element, carbon has exceptional versatility when it comes to bonding, thus contributing to the vast number of organic compounds that occur naturally or can be produced synthetically. This lesson focuses on the bonding of carbon and some of the compounds carbon can form.

What characteristics of carbon give it its unique bonding properties?

Carbon has a few unique bonding properties - the most important of which is its ability to form long chains of carbon.  No other elements can do this.  Silicon has the ability to theoretically do this, but silicon-oxygen bonds are so strong that silicon would much prefer to make Si - O - Si bonds than silicon-silicon bonds. The reason carbon can do this is that carbon-carbon bonds are extremely strong.  This allows carbon to make up many of the basic building blocks of life (fats, sugars, etc).  Also, because carbon makes four bonds, it is able to exist in many different forms called isomers.  No other element naturally does this as much as carbon.

Bonding of Carbon with itself: Allotropy 

Allotropy is a behavior exhibited by certain chemical elements: these elements can exist in two or more different forms, known as allotropes of that element. In each different allotrope, the element's atoms are bonded together in a different manner. Allotropes are different structural modifications of an element.  Carbon is an element that exhibits allotropy.  Some of its allotropes are shown below:
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a) diamond; b) graphite; c) lonsdaleite; d-f) buckyballs (C60, C540, C70); 

g) amorphous carbon; h) carbon nanotube.
Diamond and Graphite are the two most common 

and earliest known allotropes of carbon:
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Bonding of Carbon with other atoms to form Organic Compounds:

Organic substances are considered to include all compounds of carbon except oxides of carbon, carbonates, carbides and cyanides.  Organic substances include those derived from living organisms as well as numerous synthetic substances.  

Carbon-carbon bonds are strong and stable. This property allows carbon to form an almost infinite number of compounds; in fact, there are more known carbon-containing compounds than all the compounds of the other chemical elements combined except those of hydrogen (because almost all organic compounds contain hydrogen too).

The simplest form of an organic molecule is the hydrocarbon—a large family of organic molecules that are composed of hydrogen atoms bonded to a chain of carbon atoms.  All bonding in hydrocarbons is covalent.

The Octet Rule states that chemical compounds tend to form so that each atom, by gaining, losing, or sharing electrons, has an octet (8) of electrons in its highest occupied energy level, (otherwise known as the “outer shell”).  (But for hydrogen atoms the valence is two).  The octet rule is a general rule, and is not followed by all molecules. 

Ionic vs. Covalent Bonds:

Covalent Bonds are chemical bonds formed by the sharing of a pair of electrons between atoms. The nuclei of two different atoms are attracting the same electrons.  Ionic bonds result when an electron is moved from one atom to another.  Since we are discussing compounds of carbon in this activity, the focus will be on covalent bonding. 
Why does chemical bonding occur?
 Bonding occurs in order to lower the total potential energy of each atom or ion.  Throughout nature, changes that decrease potential energy are favoured.
Bonding Analogy:

Because bonding is such a hard concept for students to grasp, It can be broken down by correlating the main types of bonds to divorce custody agreements.  Ionic bonding would be like where a child lives with one parent and never sees the other parent. In this case, the parents do not share the child at all. Non-polar covalent bonding would be like when a child spends one week with one parent and the next week with the other.  The child is shared equally with both parents. Polar covalent bonding would be like when the child spends most of the time with one parent, but every Wednesday and every other weekend with the other parent.  The child is shared, but not shared equally.
Non-Polar Covalent Bonds vs. Polar Covalent Bonds:

Recall that covalent bonds are chemical bonds formed by the sharing of a pair of electrons between atoms.  In bonds between atoms of the same element the sharing of the electrons is equal between the two atoms.  This is referred to as a non-polar covalent bond.  When two atoms of different elements make a bond, the electrons will not usually be shared equally.  The electrons are pulled more toward the more electronegative element.  Electronegativity is the measure of the ability of an atom in a molecule to draw bonding electrons to itself.  In general, electronegativity increases from bottom to top and left to right on the periodic table.  Fluorine is the most electronegative element since it has a tendency to pick up electrons easily and hold on to them strongly.  An element like cesium has a low electronegativity.  The unequal sharing of electrons is called a polar covalent bond.  The definition of a polar covalent bond is a covalent bond in which the bonding electrons spend more time near one atom than the other. 

How to tell what kind of bond we are dealing with:
Find the electronegativities for each element or ion in compound, (using the electronegativity table provided).
Subtract the electronegativities (using absolute value).
If values are between
4.0-1.7---Ionic bond
1.7-0.3---Polar Covalent bond
0.3-0.0---Non-Polar Covalent
For Example:

H-F molecule:  3.98-2.1 = 1.88, therefore, ionic bond.

C-H bond in CH4: 2.55-2.10 = 0.45, therefore, polar covalent bond.

N≡N molecule:  3.04-3.04 = 0.0, therefore, non-polar covalent bond. 

Lewis Dot Structures:

The carbon atom has six electrons, of which four are available for bonding. To reach electronic stability, carbon atoms must share four electrons from other atoms. (The gaining or losing of four electrons requires too much energy in such a small atom).  Carbon, therefore, forms four (two-electron) bonds to other atoms, which may be single (one shared pair), double (two shared pairs) or triple (three shared pairs).

Lewis Dot structure for Carbon:
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Lewis Dot Structure and Molecular Models for Methane (the simplest alkane):
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VSEPR (valence-shell electron pair repulsion) theory states that valence pairs (pairs available for bonding) are arranged as far from each other as possible. The repulsion force between electrons is what gives rise to the shape of molecules.  Notice in the above structure of methane that the hydrogen atoms are located as far apart as possible, giving angles of 109.5o between them.  This gives rise to a tetrahedral shape around the central carbon atom, shown more clearly in the ball-and-stick model on the right.  Thus, even though the C-H bond is polar (as calculated by the electronegativity values above), the molecules is symmetrical and therefore non-polar overall.
Straight Chain Alkanes 
Below is a table that gives the names of the straight chain alkanes. The general formula for an alkane is CnH2n+2 where n is the number of carbon atoms in the molecule. There are two ways of writing a condensed structural formula. For example, butane may be written as CH3CH2CH2CH3 or CH3(CH2)2CH3. 

	# Carbons 
	Name 
	Molecular
Formula 
	Structural
Formula 

	1 
	Methane 
	CH4 
	CH4 

	2 
	Ethane 
	C2H6 
	CH3CH3 

	3 
	Propane 
	C3H8 
	CH3CH2CH3 

	4 
	Butane 
	C4H10 
	CH3CH2CH2CH3 

	5 
	Pentane 
	C5H12 
	CH3CH2CH2CH2CH3 

	6 
	Hexane 
	C6H14 
	CH3(CH2)4CH3 

	7 
	Heptane 
	C7H16 
	CH3(CH2)5CH3 

	8 
	Octane 
	C8H18 
	CH3(CH2)6CH3 

	9 
	Nonane 
	C9H20 
	CH3(CH2)7CH3 

	10 
	Decane 
	C10H22 
	CH3(CH2)8CH3 





       n


  CnH2n+2
Multiple Bonds:

Multiple bonds are sometimes found in molecules so that the molecules satisfy the octet rule. A single bond is when a single pair of electrons is shared between the two atoms. A double bond is when two pairs of electrons are shared between two atoms. A triple bond is when three pairs of electrons are shared between two atoms.  
Carbon atoms often form multiple bonds with each other to satisfy the octet rule.  The class of hydrocarbons that form single bonds are known as alkanes, while alkenes and alkynes are the names given to the class of hydrocarbons that form double and triple bonds, respectively.  Alkenes have the general formula CnH2n, while for alkynes it is CnH2n-2. 
The molecular models below show the bonding differences in ethane, ethene and ethyne:

  Ethane                              Ethene                                 Ethyne

CH3-CH3


CH2=CH2


  CH≡CH
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Single C-C bond 
      Double C=C bond
         Triple C≡C bond 
Distinguishing between Carbon Atoms in Hydrocarbons:

When discussing structural formulas, it is often useful to distinguish different groups of carbon atoms by their structural characteristics. A primary carbon (1º) is one that is bonded to no more than one other carbon atom. A secondary carbon (2º) is bonded to two other carbon atoms, and tertiary (3º) and quaternary (4º) carbon atoms are bonded respectively to three and four other carbons. The three C5H12 isomers shown below illustrate these terms.
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Molecular Structure Activity
Purpose:  to be able to visualize bonding, angles and multiple bonds in many simple organic hydrocarbons.
Materials:

You will need Ju-Jubes and toothpicks.
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Procedure:

Construct the following molecules in three dimensions showing all atoms of one kind of element in the same colour.  Show all bonds. 
Draw representations of each molecule in the chart that follows.

 *Remember to use the appropriate number of toothpicks if multiple bonds occur.

1. CH4
2. C2H6 (ethane)
3. C2H4 (ethene)
4. C2H2 (ethyne) 

5. C3H8 (propane)
6. C3H6 (propene)
7. C3H4 (propyne)

8. Gasoline (C8H18) (octane)

9. C6H6 (Benzene - cyclic with alternating single and double bonded carbon atoms)
Analysis:
1.  Complete the chart below:
	Hydrocarbon
	Chemical Formula
	Expanded Structural Formula
	Condensed Structural Formula
	General Formula/Type of Hydrocarbon

	Methane
	
	
	
	

	Ethane
	C2H6

	
        H         H

         H-C-C-H

        H         H
	H3C-CH3
	CnH2n+2
Alkane


	Ethene
	
	
	
	

	Ethyne
	
	
	
	

	Propane
	
	
	
	

	Propene
	
	
	
	

	Propyne
	
	
	
	

	Octane
	
	
	
	

	Benzene
	
	
	
	N/A

Aromatic


2. On the condensed structural formulas above, circle at least one carbon atom with a different color to indicate whether it is primary, secondary, tertiary or quaternary.  Include a legend/key.
3. Compare the general formulas for the alkanes, alkenes and alkynes.  Explain why the general formula differ (i.e. explain the pattern in terms of bonding).

4. Compare your Ju-Jube molecules to the expanded structural formula in your chart.  What are the benefits to making the Ju-Jube molecules?
5. What does each toothpick represent?

6. What effect does each toothpick have in terms of the number of hydrogen atoms that each carbon has?  Explain why each toothpick (i.e. bond) reduces the number of hydrogen atoms on each carbon atom.
7. What is a saturated hydrocarbon? Which of the hydrocarbons constructed are saturated? 

Electronegativity Table of the Elements

	  
	Group 

	Period 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 

	1 
	H
2.1 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	He
0 

	2 
	Li
0.98 
	Be
1.57 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	B
2.04 
	C
2.55 
	N
3.04 
	O
3.44 
	F
3.98 
	Ne
0 

	3 
	Na
0.93 
	Mg
1.31 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	Al
1.61 
	Si
1.9 
	P
2.19 
	S
2.58 
	Cl
3.16 
	Ar
0 

	4 
	K
0.82 
	Ca
1 
	Sc
1.36 
	Ti
1.54 
	V
1.63 
	Cr
1.66 
	Mn
1.55 
	Fe
1.83 
	Co
1.88 
	Ni
1.91 
	Cu
1.9 
	Zn
1.65 
	Ga
1.81 
	Ge
2.01 
	As
2.18 
	Se
2.55 
	Br
2.96 
	Kr
0 

	5 
	Rb
0.82 
	Sr
0.95 
	Y
1.22 
	Zr
1.33 
	Nb
1.6 
	Mo
2.16 
	Tc
1.9 
	Ru
2.2 
	Rh
2.28 
	Pd
2.2 
	Ag
1.93 
	Cd
1.69 
	In
1.78 
	Sn
1.96 
	Sb
2.05 
	Te
2.1 
	I
2.66 
	Xe
2.6 

	6 
	Cs
0.79 
	Ba
0.89 
	La
1.1 
	Hf
1.3 
	Ta
1.5 
	W
2.36 
	Re
1.9 
	Os
2.2 
	Ir
2.2 
	Pt
2.28 
	Au
2.54 
	Hg
2 
	Tl
2.04 
	Pb
2.33 
	Bi
2.02 
	Po
2 
	At
2.2 
	Rn
0 

	7 
	Fr
0.7 
	Ra
0.89 
	Ac
1.1 
	Rf
	Db
	Sg
	Bh
	Hs
	Mt
	Uun
	Uuu
	Uub
	  
	
	  
	  
	  
	  

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  
	Lanthanides 
	Ce
1.12 
	Pr
1.13 
	Nd
1.14 
	Pm
1.13 
	Sm
1.17 
	Eu
1.2 
	Gd
1.2 
	Tb
1.1 
	Dy
1.22 
	Ho
1.23 
	Er
1.24 
	Tm
1.25 
	Yb
1.1 
	Lu
1.27 

	  
	Actinides 
	Th
1.3 
	Pa
1.5 
	U
1.38 
	Np
1.36 
	Pu
1.28 
	Am
1.3 
	Cm
1.3 
	Bk
1.3 
	Cf
1.3 
	Es
1.3 
	Fm
1.3 
	Md
1.3 
	No
1.3 
	Lr


	Key:
	  
	  
	  
	  
	  
	  
	  
	  
	No
data 
	0-.66
	.66-1
	1-1.33
	1.33-1.66
	1.66-2
	2-2.33
	2.33-2.66
	2.66-


Credit to Craig Counterman (MIT) for this periodic table. 
The Structural Characteristics 


of Carbon


C11-5-03








Below are some Animations/Tutorials that may be useful throughout the Organic Chemistry unit.  Some are beyond the scope of the course but may aid in a more in-depth understanding of organic chemistry.


Chirality, Stereoisomerism and Optical activity:


� HYPERLINK "http://www.learnerstv.com/animation/animation.php?ani=60&cat=chemistry" �http://www.learnerstv.com/animation/animation.php?ani=60&cat=chemistry�


Hybridization, Bonding and VSEPR Theory: (with audio)


� HYPERLINK "http://www.learnerstv.com/animation/animation.php?ani=199&cat=chemistry" �http://www.learnerstv.com/animation/animation.php?ani=199&cat=chemistry�


Compound Structure and Representation:


� HYPERLINK "http://ochem.jsd.claremont.edu/movies.dir/repcmpds.htm" �http://ochem.jsd.claremont.edu/movies.dir/repcmpds.htm�


Nomenclature of Alkanes (with audio):


� HYPERLINK "http://ochem.jsd.claremont.edu/movies.dir/pre_nomenclature1.htm" �http://ochem.jsd.claremont.edu/movies.dir/pre_nomenclature1.htm�


Lewis Structures: (with audio):


� HYPERLINK "http://ochem.jsd.claremont.edu/movies.dir/pre_lewisstr.htm" �http://ochem.jsd.claremont.edu/movies.dir/pre_lewisstr.htm�


Nomenclature of Functionalized Molecules:


� HYPERLINK "http://ochem.jsd.claremont.edu/movies.dir/pre_nomenclature2.htm" �http://ochem.jsd.claremont.edu/movies.dir/pre_nomenclature2.htm�











