Cyclic Hydrocarbons, Hydrocarbons with Functional Groups, and Isomerism

OBJECTIVES:
12. Identify aromatic hydrocarbons and explain their use.

13. Draw and state the names of compounds containing up to five carbon atoms with one of the following functional groups: aldehyde, ketone, carboxylic acid, alcohol, amide, amine, ester, and halogenoalkane.

14. Explain that functional groups can exist as isomers.

15. Outline the existence of optical isomers.

16. Discuss the volatility, solubility in water, and acid-base behaviour of the functional groups aldehyde, ketone, carboxylic acid, alcohol, amide, amine, ester, and halogenoalkane.

Cycloalkanes


· Carbons are attached in rings.

· CnH2n
· Prefix cyclo
· The ring carbons are numbered so that the substituents have the lowest numbers.  This means that you will start numbering the carbons at one of the substituents.  
Aromatic Hydrocarbons
A special class of cyclic unsaturated hydrocarbons is known as aromatic hydrocarbons.  The simplest of these is benzene (C6H6).  They all have a benzene ring or a similar structure as the parent chain.  Note the double bonds in the compound.
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· 3 double bonds are present in the structure.

· Symbol not to be confused with cyclohexane

· Thousands of compounds derived from benzene, most have rather distinctive odors, therefore called aromatic compounds.

· Radical formed by removing a H atom from a benzene ring is called the phenyl radical.

Hydrocarbon Derivatives

The vast majority of organic molecules contain elements in addition to carbon and hydrogen.  However, most of these substances can be viewed as hydrocarbon derivatives, molecules that are fundamentally hydrocarbons but that have additional atoms or groups of atoms called functional groups.  These compounds can also function as isomers (Ex. ethanoic acid (CH3COOH) and methyl methanoate (HCOOCH3), propanal (CH3CH2CHO) and propanone (CH3COCH3). 

	Functional Class
	General Formula
	Prefix
	Suffix
	Sample Names and Structures

	Halogenoalkane, Haloalkanes, or Alkyl Halides
	R-X

(# location of X)
	X-

(bromo, chloro,…)
	-ane
	



	Alcohols

(hydroxyl group: 

-OH-)
	R-OH

(# location of OH)


	OR

R-yl
	-ol

OR

alcohol
	



	Amines

(amino group: 

-NH2-)
	R-NH2
(# location of NH2)


	amino-

OR

R-yl
	-ane

OR

-amine
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2-propylamine
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 2-amino-4-methylpentane or 4-methyl-2-pentamine



	Amides

(amino group: 

-NH2)
	R-C=ONH2
(C=ONH2 at the end of the molecule)
	R

(alkane)
	-amide
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 pentamide
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2-methylpropanamide

	Carboxylic acids

(carboxyl group: 

-C=OOH)
	R-C=OOH

(C=OOH at the end of the molecule)
	
	-oic acid
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 methanoic acid
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2-methylpropanoic acid

	Esters

(carboxyl group: 

-C=OOH-)
	R-C=OOR’

(C=OO middle, splits the molecule into two parts)
	R-yl

(the C=O is included in the R)

[alcohol]
	R’- oate

[acid]
	



	Aldehydes

(carbonyl group: 

-C=O)
	R-CH=O

(CH=O at the end of the molecule)
	OR

R-yl
	-al

OR

aldehyde
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 propanal
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 2-methylpropanal

	Ketones

(carbonyl group: 

-C=O-)

Use the total number of carbons to name the parent chain.
	R-C=O-R’

(# the location of C=O in the middle of the molecule)
	OR

R-yl
	-one

OR

ketone
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 butanone
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pentan-2-one
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  or pentan-3-one


	Functional Class
	Solubility in Water
	Volatility
	Acid-Base Behavior

	Halogenoalkane, Haloalkanes, or Alkyl Halides
	Very slightly soluble
	As the size of the molecule increases, volatility decreases
	

	Alcohols

(hydroxyl group: -OH)
	As the length of the non-polar end increases, the solubility in water decreases
	As the size of the molecule increases, volatility decreases
	

	Amines

(amino group: - NH2)
	As the length of the non-polar end increases, the solubility in water decreases
	Very volatile
	Weak base

R-NH2 + H2O →

R-NH3+ + OH-

	Amides

(amino group: - NH2)
	As the length of the non-polar end increases, the solubility in water decreases
	As the size of the molecule increases, volatility decreases
	

	Carboxylic acids

(carboxyl group: - C=OOH)
	As the length of the non-polar end increases, the solubility in water decreases
	As the size of the molecule increases, volatility decreases

(not very volatile – BP starts at 101oC)
	Weak acid

R-C=OOH →

R-C=OO- + H-

	Esters

(carboxyl group: - C=OOH)
	As the length of the non-polar end increases, the solubility in water decreases

(somewhat soluble)
	As the size of the molecule increases, volatility decreases
	

	Aldehydes

(carbonyl group: -C=O)
	As the length of the non-polar end increases, the solubility in water decreases
	As the size of the molecule increases, volatility decreases
	

	Ketones

(carbonyl group: -C=O)

Use the total number of carbons to name the parent chain.
	As the length of the non-polar end increases, the solubility in water decreases
	As the size of the molecule increases, volatility decreases
	


Solubility in Water
Whether or not an organic compound will be soluble in water depends on the polarity of the functional group and on the chain length.  Compounds with non-polar functional groups, such as alkanes and alkenes, do not dissolve in water but are soluble in other non-polar solvents.  

Functional Group Isomers

Functional group isomers have the same molecular formula but contain a different functional group.  Both the chemical and physical properties of functional group isomers are likely to be very different.

CH3 -C=OOH




CH3 CH2 -CH=O

Carboxylic acid



Aldehyde

H -C=OO CH3




CH3 -C=O- CH3
Ester





Ketone

Molecular Formula = C2H4O2


Molecular Formula = C3H6O

Optical Isomerism

Compounds can exist as mirror images of each other if they contain an asymmetric or chiral carbon atom – a carbon atom that contains four different groups attached to it.  If a carbon atom has four different substituents, the molecule exists in two enantiomeric forms that rotate the plane of polarized light in opposite directions.  This means that they are optically active with plane-polarized light.  

Normal light consists of electromagnetic radiation, which vibrates in all planes.  When it is passed through a polarizing filter the waves only vibrate in one plane and the light is said to be plane polarized.  The two different mirror images, known as enantiomers, both rotate the plane of plan-polarized light.  One of the enantiomers rotates it to the left and the other rotates it by the same amount to the right.  Apart from their behavior towards plane-polarized light enantiomers have identical physical properties.  Their chemical properties are identical too, except when they interact with other optically active substances.  
