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DISCLAIMER

• ACS is providing a remake of these tutorials and images as a courtesy to and 
for the convenience of the reader. It makes no representations or warranties, 
express or implied, relative to the accuracy, veracity, ownership, or authority 
contained within the information provided therein. In accessing these slides, 
the reader knowingly, willingly, and voluntarily accepts the information’s 
remake “as is”.

www.acs.org/Olympiad
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Definitions

Organic Chemistry

The branch of chemistry which deals with the study of compounds of 
carbon and hydrogen (hydrocarbons) and their derivatives.

Biochemistry

The branch of chemistry which deals with the chemistry and chemical 
compounds of living organisms.
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Nomenclature - Organic Chemistry

• The nomenclature of organic compounds is a set of directions 
designed to recreate the structure of the molecule using prefixes and 
suffixes. The longest continuous chain of carbon in a compound is 
considered the parent chain and the name begins with the 
information that will tell us how many carbon (numeric prefix) and the 
type of bonds that exist between the carbon (suffix). Additional 
prefixes maybe added to address substituents and suffixes for the 
main functional group. Numbers are used in the name to describe 
the location of the attachments and/or double and triple bonds.
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Prefixes:
Notice the prefixes  do not have a vowel ending, this  is  important 
because the vowel will come from the suffix.

• Meth = 1 methane (gas burned by a bunsen burner)
• Eth = 2
• Prop = 3 propane (gas burned by a BBQ gas grill)
• But = 4
• Pent = 5
• Hex = 6
• Hep = 7
• Oct = 9 octane (found in gasoline)
• Dec = 10
• Undec = 11
• Dodec = 12
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Suffixes and General Formulas:

Suffix General 
Formula

Alkanes - carbons are connected 
by single bonds

-ane CnH2n+2

Alkenes - carbon connections 
contain at least one double bond

-ene CnH2n Subtract 2 add’l H for 
each additional 
double bond

Alkynes - carbon connections 
contain at least one triple bond

-yne CnH2n-2 Subtract 4 add’l H for 
each additional triple 
bond

Aliphatic = parent chain is “straight”
Alicyclic = parent chain is in a ring formation
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Alkyl Branches

• Practice:
– 4-chloro-2-methylheptane
– 2-bromocyclopentene
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2018 National Exam

www.acs.org/Olympiad
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Properties of Hydrocarbons

• Non-polar
• Generally low boiling points at Room Temperature
• Boiling points increase as the number of carbon increase
• Boiling points decrease as the number of branches increase (with a constant 

number of carbon)
• 1st four are gases at room temperature (methane, ethane, propane, butane)
• Densities are generally less than 1 g/ml
• Bond lengths: 

– longest - single C-C
– double bond in aromatic (due to resonance)
– double bond
– shortest - triple bond  
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Alkanes
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2020 National Exam
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Functional Groups
Groups of atoms  that create unique characteris tics .
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Functional Group Nomenclature
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Arrangement of Atoms Matter
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Constitutional Isomers

• The molecules have the same formula, in this case C6H14, but the 
carbon to carbon connections are rearranged.
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2016 National Exam
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2018 National Exam
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Geometric Isomers

• Isomers that are created due to a rigid structure in the molecule, 
generally a double bond or a ring formation.
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2021 Local Section Exam
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2017 National Exam
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Conformational Isomers

• Conformational Isomers are 
based on the rotation are a 
single bond. To the right are 
examples of the 
conformational isomers of 
cyclohexane.
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2021 Local Section Exam
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Chirality

• Def: A molecule whose 
mirror image can not be 
superimposed. Typically
these molecules are optically 
active.

• A racemic mixture is a 50/50 
mix of the D & L formations 
causing to appear not 
optically active.
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2020 National Exam
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2017 National Exam
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Aromatics: 
Benzene and Benzene Derivatives

• Aromatic compound: a hydrocarbon that contains one or more 
benzene-like rings. Formula: C6H6

• The double/single bonds have resonance.
– Arene: a term used to describe aromatic compounds.
– Kekulé structure for benzene (1872).
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Common Monosubstituted Benzenes and 
Polynuclear Aromatic Hydrocarbons (PAHs):
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Aromatic Substitution: Most characteristic 
reaction of an aromatic compound. 

• Some groups that can be directly introduced directly on the ring are 
the halogens, the nitro (-NO2) group, and the sulfonic acid (-SO3H) 
group.

• Halogenation:
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2016 National Exam
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Alcohols

• Alcohols are classified by how many carbon are attached to the 
carbon that is attached to the hydroxyl.

• If there are more than one hydroxyl group attached numeric prefixes 
are added before the -ol. The additional hydroxyl groups increase 
the boiling point of the molecule.
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Common Reactions of Alcohols

• Acid-Catalyzed Dehydration: alcohol → alkene* + water

* follows Zaitsev’s Rule - the double bond will form on the most highly 
substituted carbon.  The trans formation is more stable than the cis.

• Oxidation
– 1° alcohol → aldehyde → carboxylic acid
– 2° alcohol → ketone
– 3° alcohol resists oxidation

• Substitution forming alkyl halides: alcohol + acid halide → alkyl halide 
and water

• Fischer Esterfication: alcohol + carboxylic acid → ester
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Aldehydes and Ketones

• Both aldehydes and ketones contain carbonyls, it is the location of 
the carbonyl that differentiates the two. For an aldehyde the carbonyl 
is located on a terminal carbon, and for a ketone the carbonyl must 
be on an interior carbon.
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Common Reactions
Aldehydes and Ketones
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Ethers

• Organic compounds that contain an oxygen bonded to two carbon 
groups. Highly unreactive, these compounds are excellent solvents 
for organic reactions.

• Produced by the Williamson Ether Synthesis reaction
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Carboxylic Acids and 
Acid Derivatives
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Common Carboxylic Acids
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Formation of a Carboxylic Acid
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Common Carboxylic Acid Reactions

Esterfication
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Common Carboxylic Acid Reactions
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Esters
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Esters
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Mechanism of 
Fischer Esterification
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2021 Local Section Exam
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2021 National Exam
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2016 National Exam
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Amines and Amides

• Classification of amines:
* side note amines stink -- they 
really smell bad!

• Classification of amides:
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Amine vs. Amide

Composed of C, H, N atoms Composed of C, H, N, O

Does not contain a carbonyl Contains a carbonyl

Show basicity Show acid characteristics

Most low molecular weight amines are gases at 
room temperature or are easily vaporized

Most amides are solids at room temperature

Have relatively lower boiling points Have relatively higher boiling points

Dyes, polymers, vitamins and medications Found in amino acids and proteins
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2021 Local Section Exam
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Carbohydrates

• Carbohydrates are polymers made from monomers called 
monosaccharides.

• Monosaccharides link together to form disaccharides.
• Chains of monosaccharides are referred to as polysaccharides or 

carbohydrates.
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Monosaccharides

• Simple sugars that cannot be hydrolyzed into simpler molecules. 
They can be categorized based on their structure as 
polyhydroxyaldehydes (aldoses) or polyhydroxyketones (ketoses).

• Monosaccharides can be joined together through a dehydration 
synthesis that creates a glycosidic bond. Monosaccharides can 
be formed by the hydrolysis of a polysaccharide.
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Common Reactions of 
Carbohydrates

• Reduction:     Sugar → sugar alcohol

• Oxidation:      Aldehyde or alcohol → carboxylic acid

• Dehydration Synthesis:    Monosaccharides → polysaccharides

• Hydrolysis:    Polysaccharides → monosaccharides

• Hemiacetal Formation: aldehyde + alcohol → hemiacetal

• Fermentation:  sugar + enzymes → alcohol + carbon dioxide
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Carbohydrate Reactions

• Strong Oxidizers to know:

– Tollen’s Reagent (silver mirror test)

– Fehling’s Reagent (produces a red copper precipitate

– Benedict’s Reagent (produces a red copper precipitate - often 
used in glucose concentration reactions)

– Bromine water (changes from red to colorless)
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2016 National Exam
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Lipids
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Lipids
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Lipid Structure
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Lipid Structure
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Lipid Structure: Triglyceride



American Chemical Society 61

Common Reactions of 
Fatty Acids and Lipids

• Fatty acid reactions are like the reactions of any other carboxylic 
acid.  Unsaturated fatty acids can undergo hydrogenation so that the 
double bonds are eliminated. 
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Amino Acids and Proteins

• There are 20 common amino acids. Amino acids have a common structure. It 
is the “R” or side chain that differentiates the amino acids.

• Amino Acids are joined together through a dehydration synthesis reaction 
that forms peptide bonds and chains of amino acids.

• These chains of amino acids are polymers called peptides and proteins.
• The number of possible combinations for a polypeptide chain can be 

determined if given the number of amino acids available and the length of the 
chain by raising the number of amino acids to the power of the length of the 
chain.
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Classifying Amino Acids
Based on R group
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2017 National Exam
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Structure of a Protein

• 1° structure is the linear arrangement of the amino acid sequence

• 2° structure refers to the repeated folding or curling pattern - this 
structure is dependent on Hydrogen bonding 

• 3° structure is a result of additional folding based on attraction and 
repulsion of the side chains (R-groups) on the amino acids

• 4° structures are formed when several smaller proteins interact to 
form one larger protein
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Summary of Protein Structure
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Denaturing of a Protein
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2016 National Exam
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2018 National Exam
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Nucleic Acids

• Nulceic Acids, Deoxyribonucleic Acid (DNA) and Ribonucleic Acid 
(RNA), are made from smaller units called nucleotides. Each of 
these nucleotides have a phosphate group, a 5 carbon sugar and a 
nitrogen base.
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Nucleic Acids

DNA is double stranded, the two 
strands are brought together by 
the hydrogen bonds that form 
between the nucleobases. Two 
hydrogen bonds will form 
between A=T, and three will form 
between AΞG.

DNA is found within the nucleus. 
New DNA is made through 
replication and new RNA is 
made through transcription.
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Nucleic Acids

• RNA is single stranded, and there are many types of RNA each 
dictated by the job of the RNA.

– mRNA messenger RNA carries the genetic information from the 
nucleus to the ribosomes for protein synthesis

– tRNA transfer RNA brings the amino acids to the ribosome for 
translation

– rRNA ribosomal RNA create the ribosomes
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RNA vs. DNA
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2021 Local Section Exam
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Important Terms

• Electrophiles: electron poor reagents, they seek electrons.
• Nucleophiles: electron rich reagents, they donate electrons.
• Carbocation: a carbon atom that has had its electrons pulled away 

by an electrophile and now has a positive charge.
• Leaving group: the product that completes the reaction generally as 

an anion.
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Carbocation
• Carbocations can be categorized as primary, secondary or tertiary 

according to how many organic attachments it has. 
• Tertiary carbocations are most stable, where primary are most 

reactive.
• Markovnikov’s rule restated: the electrophilic addition will occur in 

such a way to involve the most stable carbocation. For example In 
the addition of HX to an unsymmetrical alkene, the hydrogen will 
attach to the carbon that has the higher number of hydrogen already 
present.
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Nucleophilic Substitution Reaction

• Nucleophile + substrate → product + leaving group
• This means that when one bond is broken a new and different bond 

is formed.  The leaving group often leaves with additional electrons.

• Nu:       +     R:L     → R:Nu+ +      :L-

Neutral                      substrate    product      leaving group
nucleophile

• Nu:- +         R:L →    R:Nu+ +      :L-

Anion       substrate    product       leaving group     
nucleophile
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Example

CH3CH2O:-Na+ +  CH3CH2Br  →  CH3CH2OCH2CH3 +  Na+Br-

Anion-nucleophile       substrate     product                leaving group



American Chemical Society 79

SN2 Mechanism

• Substitution nucleophilic reaction requiring two reactants 
(nucleophile + substrate)

• 1 step reaction
• The nucleophile “attacks” the substrate at the carbon and the leaving 

group – well it leaves :) and when it leaves it carries with it its 
electron pair.
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SN2 Mechanism

Nu:  +  C-L   →   δ+ [Nu…….C……..L] δ- →    Nu+-C  +  :L-

transition state

• SN2 reactions can be identified by:
• The rate of the reaction depends on concentration of both nucleophile and 

substrate.
• The displacement results in an inversion of configuration. (R ⇆ S)
• The reaction is fastest when alkyl group of substrate is primary; slowest when 

tertiary (or not at all).
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SN1 Mechanism
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SN1 Mechanism

• SN1 Mechanism can be identified by:
– 1. The rate of reaction is NOT dependent on the concentration 

of nucleophile.
– 2. If the carbocation is asymmetric the reaction will result in a 

racemic mixture (& loss of optical activity).
– 3. Fastest when alkyl group of the subtrate is tertiary, slowest if 

primary.
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Elimination Reactions
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Elimination Reactions
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Substitution vs. Elimination 
Competition

• Tertiary Carbocations favor SN1
• Secondary Carbocations – depends on type of nucleophile:

– strong nucleophile favors SN2
– weak nucleophile  Major: SN1  Minor: E1
– strong base   Major: E2   Minor:  SN2

• Primary Carbocations mainly favor SN2, but can use E2 with strong 
bases
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2021 National Exam
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2017 National Exam
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