Lecture Outline
25.1 Some General Characteristics of Organic Molecules
•	Organic chemistry is the branch of chemistry that studies carbon compounds.
•	Biochemistry or biological chemistry is the study of the chemistry of living things.  
The Structures of Organic Molecules
•	The shapes of organic and biochemical molecules are important in determining their physical and chemical properties.  
•	Consider the element carbon:
	•	Using  the VSEPR model we find that the bonds to carbon involve four electron pairs.
		•	The electron pairs are in a tetrahedral arrangement when all four bonds are single bonds.
			•	The carbon is sp3 hybridized.
		•	A carbon with one double bond shows a trigonal arrangement.
			•	The carbon is sp2 hybridized.  
		•	If the carbon has a triple bond, the arrangement is linear.  
			•	The carbon is sp hybridized.  
•	C–H bonds occur in almost every organic molecule.
The Stabilities of Organic Substances
•	The stability of organic substances varies. 
•	Substances such as benzene have a special stability due to the delocalization of  electrons.  
•	A group of atoms that determines how an organic molecule functions or reacts is a functional group.
	•	Functional groups are the center of reactivity in organic molecules.  
Solubility and Acid–Base Properties of Organic Substances
•	The most common bonds in organic substances are carbon–carbon bonds.
	•	This results in a low overall polarity of many organic molecules.
		•	Such molecules are soluble in nonpolar solvents. 
•	Organic substances that are soluble in water and other polar solvents have polar groups.
	•	Examples: glucose and ascorbic acid (vitamin C).  
•	Soaps and detergents are examples of molecules that have both a polar part (which is water soluble) and a nonpolar part (which is soluble in nonpolar substances such as fat).  
•	Many organic molecules contain acidic or basic groups.  
	•	Carboxylic acids contain the functional group –COOH.  
	•	Amines are important organic bases.
		•	They contain the functional groups –NH2, –NHR or –NR2. 
[bookmark: _GoBack]		•	“R” groups are groups consisting of carbon-carbon and carbon-hydrogen bonds. 
•	Some molecules contain both an acidic and a basic group.
25.2 Introduction to Hydrocarbons[footnoteRef:1],[footnoteRef:2],[footnoteRef:3],[footnoteRef:4],[footnoteRef:5],[footnoteRef:6] [1:  Figure 25.3 from Transparency Pack]  [2:  “Ethane” 3-D Model from Instructor’s Resource CD/DVD]  [3:  “Ethylene” 3-D Model from Instructor’s Resource CD/DVD]  [4:  “Acetylene” 3-D Model from Instructor’s Resource CD/DVD]  [5:  “Benzene” 3-D Model from Instructor’s Resource CD/DVD]  [6:  “Boiling Point” Activity from Instructor’s Resource CD/DVD] 

•	The simplest class of organic molecules is the hydrocarbons.  
	•	Hydrocarbons consist only of carbon and hydrogen.  
	•	There are four major classes of hydrocarbons: alkanes, alkenes, alkynes, and aromatics.
•	Alkanes contain only single bonds.
	•	These compounds are also called saturated hydrocarbons because they have the largest possible number of hydrogen atoms per carbon.
	•	An example is ethane (C2H6).  
•	Alkenes contain at least one carbon–carbon double bond.
	•	They are also called olefins. 
	•	An example is ethylene (C2H4). 
•	Alkynes contain a carbon–carbon triple bond.
	•	An example is acetylene (C2H2).
•	Aromatic hydrocarbons have carbon atoms connected in a planar ring structure.
	•	The carbons are linked by both  and  bonds.
	•	The best known example is benzene (C6H6).  
•	Alkenes, alkynes, and aromatic hydrocarbons are all examples of unsaturated hydrocarbons.  
25.3 Alkanes, Alkenes, and Alkynes [footnoteRef:7],[footnoteRef:8],[footnoteRef:9] [7:  “Alkanes: Abundant, Pervasive, Important, and Essential” from Further Readings]  [8:  Table 25.1 from Transparency Pack]  [9:  “Condensed Structural Formula” Activity from Instructor’s Resource CD/DVD] 

•	The name of the alkane varies according to the number of C atoms present in the chain.
•	We can make a table of members of a homologous series of straight-chain alkanes.
	•	In this table each member differs by one CH2 unit.  
	•	The names each end in -ane.
	•	The prefix assigned indicates the number of carbon atoms.  
		•	Example: CH4 is the alkane with a single carbon atom; it is called methane.
		•	The next member of the series is C2H6, with two carbon atoms; it is called ethane.
•	The formulas for alkanes may be written in a notation called condensed structural formulas.
	•	This notation shows which atoms are bonded to one another, but does not require that we draw in all of the bonds.  
	•	Notice that each carbon in an alkane has four single bonds.  
Structures of Alkanes[footnoteRef:10] [10:  Figure 25.4 from Transparency Pack] 

•	VSEPR theory predicts each C atom is tetrahedral.
	•	Therefore, each C atom has sp3-hybridized orbitals.
	•	Rotation about the C–C bond in alkanes is relatively easy.
Structural Isomers[footnoteRef:11],[footnoteRef:12],[footnoteRef:13] [11:  Figure 25.5 from Transparency Pack]  [12:  “Butane Structural Isomers” 3-D Model from Instructor’s Resource CD/DVD]  [13:  “Pentane Structural Isomers” 3-D Model from Instructor’s Resource CD/DVD] 

•	In straight-chain hydrocarbons the C atoms are joined in a continuous chain.
	•	In a straight-chain hydrocarbon no one C atom may be attached to more than two other C atoms.
	•	Straight chain hydrocarbons are not linear.  
		•	Each C atom is tetrahedral, so the chains are bent.
•	Branched-chain hydrocarbons are possible for alkanes with four or more C atoms.
	•	Structures with different branches can be written for the same formula.  
		•	Structural isomers are compounds with the same molecular formula but different bonding arrangements.
		•	Structural isomers have somewhat different physical and chemical properties.
Nomenclature of Alkanes[footnoteRef:14],[footnoteRef:15],[footnoteRef:16],[footnoteRef:17],\ [14:  “Nomenclature of Alkanes” Activity from Instructor’s Resource CD/DVD]  [15:  Table 25.2 from Transparency Pack]  [16:  “The IUPAC Rules for Namic Organic Molecules” from Further Readings]  [17:  “A Simple Method of Drawing Stereoisomers from Complicated Symmetrical Structures” from Further Readings] 

•	Organic compounds are named according to rules established by the International Union for Pure and Applied Chemistry (IUPAC).
•	To name alkanes:
	•	Find the longest chain and use it as the base name of the compound.
		•	Groups attached to the main chain are called substituents.  
	•	Number the carbon atoms in the longest chain starting with the end closest to a substituent.
		•	The preferred numbering will give substituents the lowest numbers.  
	•	Name and give the location of each substituent.
		•	A substituent group formed by removing an H atom from an alkane is called an alkyl group.
		•	Alkyl groups are named by replacing the –ane ending with -yl.  
			•	Example: CH4 is methane and a –CH3 group is a methyl group.  
	•	When two or more substituents are present, list them in alphabetical order.
		•	When there are two or more of the same substituent, the number of that type of substituent is indicated by a prefix: (i.e., “dimethyl” indicates two methyl group substituents).  
Cycloalkanes[footnoteRef:18] [18:  “Cycloalkanes” 3-D Model from Instructor’s Resource CD/DVD] 

•	Alkanes that form rings are called cycloalkanes.
•	Cyclopropane and cyclobutane are strained because the C–C–C bond angles in the ring are less than the 109.5° required for a tetrahedral geometry.
	•	Because of the strain in the ring, cyclopropane is very reactive. 
Reactions with Alkanes
•	The C–C and C–H bonds are very strong.  
	•	Therefore, alkanes are very unreactive.
•	At room temperature alkanes do not react with acids, bases, or strong oxidizing agents.
•	Alkanes do undergo combustion in air (making them good fuels):
2C2H6(g) + 7O2(g)  4CO2(g) + 6H2O(l)	∆H = –2855 kJ
Alkenes[footnoteRef:19] [19:  Figure 25.11 from Transparency Pack] 

•	Alkenes are unsaturated hydrocarbons that contain C and H atoms and at least one C–C double bond.
•	The simplest alkenes are H2C=CH2 (ethene) and CH3CH=CH2 (propene).
	•	Their common names are ethylene and propylene.
•	Alkenes are named in the same way as alkanes with the suffix -ene replacing the -ane in alkanes.
	•	The location of the double bond is indicated by a number.
	•	If a substance has two or more double bonds, the number of double bonds is indicated with a prefix .
•	Geometric isomers are possible in alkenes since there is no rotation about a C=C  bond.
	•	Note that the overlap between orbitals is above and below the plane of the  bonds.
	•	As the C–C bond begins to rotate (moving from cis to trans) the overlap decreases.
	•	At 90° the  bond breaks completely.
		•	Therefore, there is no “free” rotation about a  bond.
	•	Therefore, cis and trans isomers do not readily interconvert.
Alkynes
•	Alkynes are hydrocarbons with one or more C≡C bond.  
	•	The triple bond has one  and two  bonds between two C atoms.
•	Ethyne (acetylene) is the simplest alkyne: HC≡CH.
•	Alkynes are named in the same way as alkenes, with the suffix -yne replacing the -ene for alkenes.
Addition Reactions of Alkenes and Alkynes[footnoteRef:20],[footnoteRef:21],[footnoteRef:22] [20:  “Addition Reactions of Alkenes” Activity from Instructor’s Resource CD/DVD]  [21:  “Surface Reaction-Hydrogenation” Animation from Instructor’s Resource CD/DVD]  [22:  “Testing for Unsaturated Hydrocarbons with Bromine” Movie from Instructor’s Resource CD/DVD] 

•	The dominant reactions for alkenes and alkynes are addition reactions.  
	•	They involve the addition of something to the two atoms that form the double or triple bond.  
		•	Example: The addition of a halogen (bromine) to ethylene:
H2C=CH2 + Br2  H2BrC–CBrH2
		•	Note that the C–C  bond has been replaced by two C–Br  bonds.
	•	A common addition reaction is hydrogenation:
CH3CH=CHCH3 + H2  CH3CH2CH2CH3
		•	Hydrogenation requires high temperatures and pressures as well as the presence of a catalyst (e.g., finely divided metals such as Ni, Pt, Pd).
		•	Note that the alkene is converted to an alkane.  
	•	Another common addition reaction involves the addition of hydrogen halides or water across the  bond:
CH2=CH2 + HBr  CH3CH2Br
CH2=CH2 + H2O  CH3CH2OH
•	Alkynes are also capable of addition reactions.  

Mechanism of Addition Reactions[footnoteRef:23] [23:  Figure 25.12 from Transparency Pack] 

•	A mechanism is an explanation of how a reaction proceeds.
•	The mechanism involved in addition reactions is hypothesized to proceed in two steps.
•	Consider the addition of HBr to 2-butene (CH3CH=CHCH3):
	•	Step 1 (rate-determining) involves the transfer of a proton from HBr to one of the alkene carbons.
	•	Step 2 involves addition of Br– to the positively charged carbon center generated	in the first step.  
•	The energy profile for this reaction shows an energy minimum between the two steps.
	•	This corresponds to the energies of the intermediate species.
•	The electron shifts involved in such reactions are often shown with curved arrows.  
Aromatic Hydrocarbons[footnoteRef:24] [24:  “The Origins of the Ortho-, Meta-, and Para- Prefixes in Chemical Nomenclature” from Further Readings] 

•	Aromatic structures are formally related to benzene (C6H6). 
	•	Many aromatic compounds are given common names (e.g., naphthalene, toluene, anthracene).  
•	Benzene is a planar symmetrical molecule.
•	The delocalized  electrons are usually represented as a circle in the center of the ring.
•	Benzene is not reactive because of the stability associated with the delocalized  electrons.
•	Even though they contain  bonds, aromatic hydrocarbons undergo substitution reactions more readily than addition reactions.
	•	In a substitution reaction, one atom of a molecule is removed and replaced or substituted by another atom or group of atoms.  
	•	Example: If benzene is treated with nitric acid in the presence of sulfuric acid (catalyst), nitrobenzene is produced.
		•	Under some conditions, more than one nitro group may be added to the benzene.
		•	If two nitro groups are added, three possible isomers may be formed: -ortho, -meta, and –para-dinitrobenzene.  
	•	Another type of substitution reaction is a Friedel-Crafts reaction in which alkyl groups can be substituted onto an aromatic ring by reaction with an alkyl halide in the presence of aluminum chloride (catalyst).  
25.4 Organic Functional Groups[footnoteRef:25],[footnoteRef:26] [25:  Table 25.4 from Transparency Pack]  [26:  Figure 25.14 from Transparency Pack] 

•	Hydrocarbons are relatively unreactive.
•	For an organic molecule to be reactive it needs something additional.
•	A site of reactivity in an organic molecule is called a functional group. Functional groups determine the chemistry of a molecule.
•	The simplest functional groups are  electrons.
	•	C=C double bonds and C≡C triple bonds are functional groups.  
•	Other functional groups contain elements other than C or H (heteroatoms).
•	Chemists usually use R, R′, R″, etc., to represent alkyl groups.
Alcohols[footnoteRef:27] [27:  “Oxidation of Alcohol by Mn2O7” from Live Demonstrations] 

•	Alcohols are derived from hydrocarbons and contain –OH (hydroxyl or alcohol) groups.
•	The names are derived from the hydrocarbon name with -ol replacing the -ane suffix.  
	•	Example: ethane becomes ethanol.
•	Because the O–H bond is polar and can participate in hydrogen bonding, alcohols are more water soluble than alkanes.
•	Consider the properties of some representative alcohols:
	•	CH3OH, methanol, is used as a gasoline additive and a fuel.
		•	Methanol is produced by the reaction of CO with hydrogen under high pressure and high temperature:
CO(g) + 2H2(g)  CH3OH(g)
	•	Ethanol is produced by the fermentation of carbohydrates.
		•	Ethanol is the alcohol found in alcoholic beverages.
	•	Polyhydroxy alcohols (polyols) contain more than one –OH group per molecule (e.g., ethylene glycol used as antifreeze).
	•	Aromatic alcohols can also be formed (e.g., phenol).
		•	Note that aromatic alcohols are weak acids.
	•	Cholesterol is a physiologically important alcohol.
Ethers
•	Compounds in which two hydrocarbons are linked by an oxygen are called ethers.
•	Ethers can be formed by a dehydration reaction:
CH3CH2–OH + H–OCH2CH3  CH3CH2–O–CH2CH3 + H2O
	•	This condensation reaction involves the removal of a water molecule from two molecules of alcohol.  
•	Ethers are commonly used as solvents.
	•	Common examples are diethyl ether and tetrahydrofuran (a cyclic ether).  
Aldehydes and Ketones[footnoteRef:28] [28:  “The Disappearing Coffee Cup” from Live Demonstrations] 

•	The carbonyl group is C=O.
•	The carbonyl group plus the type of atoms attached to the carbonyl carbon defines the particular kind of compound.
•	Aldehydes must have at least one H atom attached to the carbonyl C:
R–CHO
•	Ketones must have two C atoms attached to the carbonyl C:
R–COR′
•	Aldehydes and ketones are prepared by the oxidation of alcohols.
•	Ketones are less reactive than aldehydes and are used as solvents.
	•	Two common examples of ketones are acetone and methyl ethyl ketone (MEK).  
•	Other examples of molecules that contain aldehydes or ketones are vanilla and cinnamon flavorings.  The ketones carvone and camphor are responsible for the flavors of spearmint and caraway, respectively.  
Carboxylic Acids and Esters[footnoteRef:29],[footnoteRef:30],[footnoteRef:31],[footnoteRef:32],[footnoteRef:33] [29:  Figure 25.17 from Transparency Pack]  [30:  “A Miracle Drug” from Further Readings]  [31:  “Ester, What’s in My Food?” from Further Readings]  [32:  “Making Canned Heat” from Live Demonstrations]  [33:  “Trans Fatty Acids” from Further Readings] 

•	Carboxylic acids contain a carbonyl group with an –OH attached.
•	The carboxyl functional group is –COOH:
R–COOH
•	Common names of carboxylic acids reflect their origins (e.g., formic acid was first extracted from ants, the Latin formica means “ant”).
•	Carboxylic acids are generally weak acids.
	•	Typical carboxylic acids are found in spinach (oxalic acid), vinegar (acetic acid), vitamin C (ascorbic acid), aspirin (acetylsalicylic acid), and citrus fruits (citric acid).
•	Carboxylic acids can be prepared by oxidizing alcohols that contain a –CH2OH group.
	•	Example: Oxidation of ethanol (CH3CH2OH) to acetic acid (CH3COOH) is responsible for the souring of wines.  
•	Acetic acid can be prepared by reacting methanol with CO in the presence of a catalyst.  
	•	This kind of reaction is called carbonylation.
•	Esters can be prepared by condensation reactions involving a carboxylic acid and an alcohol; the products are the ester and water.  
•	Esters contain –COOR groups:
R–COOR′
•	Esters are named using the alcohol part first and then the acid part.  
	•	Example: The ester formed from ethanol and acetic acid is ethyl acetate.  
•	Esters tend to have very pleasant characteristic odors and are often used as food flavorings and scents.
	•	Some common esters are benzocaine (used in some sunburn lotions), ethyl acetate (a component of some nail polish removers), vegetable oils, polyester thread, and aspirin.
•	In the presence of a base, esters hydrolyze (the molecule splits into acid and alcohol).
	•	Saponification is the hydrolysis of an ester in the presence of a base.
	•	This process is used in the production of soaps from animal fats or vegetable oils.
		•	Soap is made by heating fats or oils in a strong base (NaOH).  
			•	The long-chain carboxylic acid and alcohol components of the fats are released.  
			•	The soap made from this process consists of sodium salts of the long-chain carboxylic acids called fatty acids.  
Amines and Amides
•	Amines are organic bases.
•	Just as alcohols can be thought of as organic forms of water, amines can be thought of organic forms of ammonia.  
	•	They have the general formula R3N, where R may be either H or a hydrocarbon group.  
		•	Examples of organic amines are ethylamine (CH3CH2NH2), triethylamine [(CH3)3N], and aniline (C6H5–NH2).  
•	Amides are composites of carbonyl and amine functionalities.  

