WORKING WITH MOLECULAR MODELS
THEORY

Molecular models provide a three dimensional visualization of organic structures. A ball and stick model is easy to use and provides information on bonding, shape, structural formulas, isomerism and other such important concepts.


Carbon is tetravalent. Carbon can form single, double and triple bonds in organic compounds. When carbon atoms form only single bonds, the molecule has a tetrahedral shape. When the carbon atoms form double bonds, the molecule is planar. When the carbon atoms form triple bonds, the molecule is linear. 


There are two principal ways of representing organic structures, condensed and expanded structures. In the condensed structures, all connections between atoms are not shown. In expanded structures, all bond connections are shown. 


Organic compounds are divided into families or functional groups. There are many types of functional groups such as alkenes, aromatic compounds, carbonyl compounds etc. 

There can be more than one substance with the same molecular formula but different structural formulas. Such substances are referred to as isomers. There are different types of isomerism. When the isomers differ in the position of atoms, they are referred to as constitutional isomers. When the isomers differ in spatial orientation of groups, they are known as stereoisomers. A special type of stereoisomers are cis-trans isomers. Cis trans isomerism is common in alkenes. When similar groups are on the same side of the double bond, the alkene is known as a cis alkene. When similar groups are on the opposite side of the double bond, the alkene is known as a trans alkene. 
OBJECTIVES
1. Build models and understand the three dimensional nature of organic molecules

2. Learn to draw condensed and expanded structures of hydrocarbons
3. Learn to draw isomers of alkanes and alkenes

4. Identify functional groups in molecules with the help of molecular models

PROCEDURE
A. ISOMERISM IN ORGANIC CHEMISTRY

1. Build methane, CH4. Observe the tetrahedral geometry of the central carbon atom. Draw the condensed and expanded structures of CH4.
2. Construct ethane, CH3CH3. Rotate the molecule about the C-C single bond. Does the molecule freely rotate? Draw the condensed and expanded structures of CH3CH3. Can you construct ethane in a different arrangement? Explain your answer.

3. Construct butane, C4H10. Build another arrangement of butane with the same # of carbon and hydrogen atoms. What are such compounds known as? Draw condensed structures of both the butane molecules. 
4. Build ethene, CH2=CH2. Can you freely rotate the molecule about the C=C bond? Why or why not?

5. Construct a model of 2-butene in which the two methyl groups on the same side. Call it Model A. Then, build another model of 2-butene and arrange the two methyl groups on the opposite side. This is Model B. Are Models A and B identical? Why or why not? What are such compounds known as? Can you interconvert Models A and B by simply rotating the bonds? Explain your answer. 
6. Can you construct 2-ethyl-2-hexene in two possible arrangements? If so, do it!
B. FUNCTIONAL GROUPS

7. Construct the following molecules and identify the functional groups in each of the following. 

	Molecule 
	Formula 

	Propane 
	C3H8

	1-butene
	CH2=CHCH2CH3

	2-pentyne
	CH3C≡CCH2CH3

	Ethanol
	CH3CH2OH

	Acetone
	CH3COCH3

	Formaldehyde
	HCHO

	Acetic acid
	CH3COOH

	Ehyl acetate
	CH3COOCH2CH3

	Chloroethane
	ClCH2CH3

	Formaldehyde
	HCHO


OBSERVATIONS 
A. ISOMERISM IN ORGANIC CHEMISTRY
	1. Condensed structure of methane


	Expanded structure of methane




	2. Condensed structure of ethane


	Expanded structure of ethane




Does an isomer of ethane exist? ____________

	3. Condensed structure of butane


	Condensed structure of butane isomer




4. Can you freely rotate C=C? Why or why not? Explain.
	5. Structure of Model A


	Structure of Model B




What are the compounds in Models A and B known as? ___________________________

Can you interconvert the two isomers? Explain your answer.

	6. Structure of 2-ethyl-2-hexene


	Structure of 2-ethyl-2-hexene




B. FUNCTIONAL GROUPS

7. Identify the functional groups and draw condensed structures for the following compounds.
	Compound
	Structure 
	Functional group 

	Propane 


	
	

	1-butene


	
	

	2-pentyne

	
	

	Ethanol


	
	

	Acetone


	
	

	Formaldehyde


	
	

	Acetic acid


	
	

	Ethyl acetate


	
	

	Chloroethane

	
	


PAGE  
59

