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Teacher Background Information and Applications:

Hydrocarbons are compounds containing only carbon and hydrogen atoms and are the building blocks of organic molecules.
Saturated hydrocarbons are molecules made entirely of single carbon-carbon bonds; they cannot incorporate additional atoms into their structure, thus they are said to be saturated.  These molecules, called alkanes, are stable and not very reactive.
Unsaturated hydrocarbons, the alkenes and alkynes, are molecules that contain at least one double or triple carbon-carbon bond within their structure.  These molecules are highly reactive, and thus can incorporate other atoms into their structure.
Note: The terms "saturated" and "unsaturated" also refer to the concentration of solutions. These have a much different meaning and context.

For carbon, the maximum (and ideal) number of bonds is four.      

Lewis Dot Structure for Carbon:
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Recall that the carbon atom has four electrons in the outer shell which are available for bonding. To reach electronic stability, carbon atoms must share four electrons from other atoms.  Carbon, therefore, forms four bonds to other atoms.  The bonds between carbon atoms can be single, double or triple bonds, as long as the total bond count around each carbon atom is four.

Saturated Hydrocarbons:  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
Unsaturated Hydrocarbons:  Alkenes and Alkynes
The alkenes and alkynes follow the same general pattern as the alkanes except that, in the case of the alkenes, there is a double bond between two carbon atoms.  That gives the alkenes the general formula CnH2n, while for alkynes, containing one triple bond, it is CnH2n-2.  
The structures and molecular models below show the bonding differences in ethane, a saturated hydrocarbon, and ethene and ethyne, unsaturated hydrocarbons:
  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 
As another example, 3-hexene is unsaturated because the carbon atoms shown in red have two bonds connecting them and are bound to only three different atoms. If we chemically add hydrogen atoms to the red carbons, this reduces the carbon-carbon double bond to a single bond and gives the red carbons four single bonds to other atoms. The resulting molecule, n-hexane, is saturated because we can not add any more atoms to it without removing bonds to existing atoms.
[image: image13.png]H H H H H H HHHHH
Con o
H=C-C—C-C-C-C—C-C-C—C—C—

H HH HHHHHHHH
Saturated Fatty Acid

HoOH 0
H Y
H 11 c-c=c”?
oy T c-c-c LN
c—c-c i
H-c—c—c?” | i HOH oH

Unsaturated Fatty Acid










                     H     H

H2




 CH3 – CH2 – C = C - CH2 – CH3   


 CH3 - CH2 -  C    C – CH2 – CH3
                      H     H




                      H    H
       3-hexene





      n-hexane

Common Hydrocarbons:

Examples of common saturated hydrocarbons are: plastics, gasoline, diesel fuels, lighter fluid, propane, home heating oil (kerosene/diesel mixture), marine and motor oil, fuels, and cleaning solvents.  
Note: Kerosene is a mixture of hydrocarbon chains containing 12 to 15 carbon atoms.  It is one of the products distilled from crude oil.  The hydrocarbons in crude oil are mostly alkanes, cycloalkanes and various aromatic hydrocarbons while the other organic compounds contain nitrogen, oxygen and sulfur, and trace amounts of metals such as iron, nickel, copper and vanadium. The exact molecular composition varies widely from formation to formation but the proportions of chemical elements vary as follows:  Carbon: 83-87%; Hydrogen: 10-14%; Nitrogen: 0.1-2%; Oxygen: 0.1-1.5%; Sulfur: 0.5-6%; metals: <1000 ppm.  
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Examples of common unsaturated hydrocarbons are:  terpenes (made up of isoprene units), which are found in wood flooring/furnishings; carpet, which contains styrene; odorants, which contain limonene and pinene; tobacco smoke, which contains styrene, certain waxes and cleaners which both contain limonene and pinene, etc.
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         Isoprene   



            Styrene
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       Limonene





Pinene

Introduction:
We often hear the words ‘saturated’ and ‘unsaturated’ in food advertisement and health promotion. Both of these terms are used to describe foods or the chemicals that constitute foods, especially fats. What does the word saturated mean in chemistry? The purpose of this activity is to understand what this word means at the molecular level.
Procedure

1. Build models of the following alkanes, alkenes and alkynes.  As you do complete the chart below and include a molecular structure diagram for all.  Count number of C’s and H’s – is there a pattern?  Explain. Also note whether it is possible for ‘further’ hydrogen’s to be bonded to carbon atoms. If so, the molecule is not ‘saturated’, that is it could hold more hydrogen’s and, as consequence is said to be an unsaturated molecule.
a) CH4
b) C2H6 (ethane)

c) C2H4 (ethene)

d) C2H2 (ethyne) 

e) C3H8 (propane)

f) C3H6 (propene)

g) C3H4 (propyne)
	Hydrocarbon
	Chemical Formula
	Expanded Structural Formula
	Condensed Structural Formula
	General Formula/Type of Hydrocarbon
	Saturated or Unsaturated?

	Methane
	
	
	
	
	

	Ethane
	C2H6

	
        H         H

         H-C-C-H

        H         H
	H3C-CH3
	CnH2n+2
Alkane


	

	Ethene
	
	
	
	
	

	Ethyne
	
	
	
	
	

	Propane
	
	
	
	
	

	Propene
	
	
	
	
	

	Propyne
	
	
	
	
	


2. Compare the general formulas for the alkanes, alkenes and alkynes.  Explain why the general formulae differ (i.e. explain the pattern in terms of bonding).

3. Use the general formulas for alkanes, alkenes and alkynes to answer the following questions and indicate whether the hydrocarbon is saturated or unsaturated.


a)  Determine the number of hydrogen atoms in a

i)  4-carbon alkane

ii) 14 carbon alkene

iii) 6-carbon alkyne

b)  Determine the number of carbon atoms in a

i)  42-hydrogen alkane

ii) 20-hydrogen alkene

iii) 26-hydrogen alkyne

4. Given the following hydrocarbons, determine whether the compound listed is an alkane, alkene or alkyne and whether the hydrocarbon is saturated or unsaturated.

a) C200H400
b) C150H302
c) C12H26
d) C75H148
e) C90H178
f) C4050H8100
5. List similarities and differences between molecules of propane, propene and propyne.  Include the number and types of bonds around each carbon atom and the bond angles (refer to the model you constructed). 
6. Write a short paragraph to describe the differences between saturated and unsaturated hydrocarbons.

Applications:
1. Which one is more reactive – a saturated hydrocarbon or an unsaturated hydrocarbon? Why?

Your teacher may demonstrate to you a reaction between an alkane and an alkene such as bromine water with pentane and pentene or cyclohexane and cyclohexene.

An unsaturated hydrocarbon is more reactive.

Saturated molecules have only sigma bonds, which are very stable and hard to break.  Unsaturated molecules, however, have pi bonds, and they are weaker. They deform the orbitals slightly and are more strained.  Therefore, they are easier to break and will react faster.
To illustrate the reactivity of unsaturated hydrocarbons, consider the reaction of hydrogen gas with 1-butene using a nickel catalyst:







      Ni

CH2 = CH – CH2 – CH3   +  H2  
                    CH3 – CH2 – CH2 – CH3
2. Is Benzene Unsaturated?

It certainly is short of hydrogen atoms, but it also does not have the chemical behavior commonly considered characteristic of unsaturated compounds.  Benzene is actually classified as an aromatic compound and thus is not classed with aliphatic saturated or unsaturated hydrocarbons.  

Benzene represents a special problem in that, to account for all the bonds, there must be alternating double carbon bonds:
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	Using X-ray diffraction, researchers discovered that all of the carbon-carbon bonds in benzene are of the same length of 140 picometres (pm). The C–C bond lengths are greater than a double bond (135pm) but shorter than a single bond (147pm). This intermediate distance is explained by electron delocalization: the electrons for C–C bonding are distributed equally between each of the six carbon atoms. One representation is that the structure exists as a superposition of so-called resonance structures, rather than either form individually. This delocalization of electrons is known as aromaticity, and gives benzene great stability. This enhanced stability is the fundamental property of aromatic molecules that differentiates them from molecules that are non-aromatic. To reflect the delocalised nature of the bonding, benzene is often depicted with a circle inside a hexagonal arrangement of carbon atoms, as shown in (b) below:
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   (a) The double bonds of benzene, C6H6, are moved around the ring.
   (b) For this reason it is often represented by a circle within the ring.

	


3. Interested in some features about ethane, ethene and ethyne?
Some typical bonding features of ethane, ethene, and ethyne are summarized in the table below:
	Systematic
name 
	Ethane 
	Ethene 
	Ethyne 

	Hybrid orbitals
of C 
	sp3 
	sp2 
	sp 

	Structural
formula 
	H         H
\       /
H--C---C--H
/       \
H         H
	H         H
\       /
C=C
/       \
H         H
	H-C≡C-H 

	C-C
Bond length pm 
	154 
	134 
	120 

	C-H
Bond length pm 
	112 
	110 
	106 

	H-C-C
bond angle ° 
	111 
	121 
	180 

	C-C bond
energy kJ/mol 
	368 
	611 
	820 

	C-H bond
energy kJ/mol 
	410 
	451 
	536 


As the bond order between carbon atoms increases from 1 to 3 for ethane, ethene, and ethyne, the bond lengths decreases, and the bond energy increases. 
4.  Some useful information pertaining to this activity can be found on the websites below: 

Summary: 
By far the most numerous and important compounds that carbon forms are those with hydrogen. Hydrocarbons as they are known are the most important of organic compounds. Some of the hydrocarbons occurring in nature are very simple, while some are very complex. They are therefore categorized into two: Saturated and Unsaturated Hydrocarbons. 

Compounds of carbon and hydrogen whose adjacent carbon atoms contain only one carbon-carbon bond are known as saturated hydrocarbons. They are called saturated compounds because all the four bonds of carbon are fully utilized and no more hydrogen or other atoms can attach to it. These saturated hydrocarbons are called alkanes.  The general formula for an alkane is CnH2n+2.
Compounds of carbon and hydrogen that contain one double bond between carbon atoms (carbon=carbon) or a triple bond between carbon atoms (carbon≡carbon) are called unsaturated hydrocarbons. In these molecules, since all the bonds of carbon are not fully utilized by hydrogen atoms, more of these can be attached to them. Thus, they undergo addition reactions (add on hydrogen) as they have two or more hydrogen atoms less than the saturated hydrocarbons (alkanes). 

Unsaturated hydrocarbons can be divided into 'alkenes' and 'alkynes' depending on the presence of double or triple bonds respectively.  The general formulae are CnH2n for alkenes and CnH2n-2 for alkynes. 
Saturated vs. Unsaturated Hydrocarbons


C11-5-10


(Including C11 - 5 - 5, 8, 9 11 and 12)


Teacher Information





Addition of Bromine to Cyclohexane and Cyclohexene:





� HYPERLINK "http://www.youtube.com/watch?v=2C_6ax2TsV8" �http://www.youtube.com/watch?v=2C_6ax2TsV8�





�





Ethane, ethene, cracking, polymerization





� HYPERLINK "http://www.youtube.com/watch?v=CaEZB0bB_pY&feature=related" �http://www.youtube.com/watch?v=CaEZB0bB_pY&feature=related�








How Stuff Works:  Saturated vs. Unsaturated fats:


� HYPERLINK "http://recipes.howstuffworks.com/fat2.htm" �http://recipes.howstuffworks.com/fat2.htm�





Butter vs. margarine:


� HYPERLINK "http://www.physicsforums.com/archive/index.php/t-14988.html" �http://www.physicsforums.com/archive/index.php/t-14988.html�











Kinesthetic Activity:  Connection to Saturated and Unsaturated fats 


When teaching students the difference between saturated and unsaturated fats, you could show them a kinesthetic way to understand why saturated fats are often in solid form, while unsaturated fats form liquids.   Explain that saturated fats have the maximum number of hydrogen atoms (saturated with hydrogen) and form straight lines. Unsaturated liquids are missing hydrogen atoms, which cause them to have bends where the hydrogen atoms are missing.


Ask all of your students to stand up straight with their hands by their sides or above their heads. Have them gather together in the centre of the room.  It should be easy for them to get close and form a compact group (or solid).  This configuration would represent a saturated fat.  The students can then return to their original spots and ask how they could configure the group to represent unsaturated fats.  (They could stand with their hands straight out perpendicular to their bodies or at an angle).  When they move to the centre of the class, they wouldn't be able to form as compact a group.  They therefore would form a more fluid liquid rather than a compact solid.


Below are examples of saturated and unsaturated fat molecules:


� INCLUDEPICTURE "http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio%20101/Bio%20101%20Lectures/biochemistry/img017.gif" \* MERGEFORMATINET ���


Double bonds produce a bend in the fatty acid molecule (see diagram above). Molecules with many of these bends cannot be packed as closely together as straight molecules, so these fats are less dense. As a result, triglycerides composed of unsaturated fatty acids melt at lower temperatures than those with saturated fatty acids. For example, butter contains more saturated fat than corn oil, and is a solid at room temperature while corn oil is a liquid.
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