CHE 108 – 104 Review and Chapters 11-16; 19-21; 23
CHE104 Review Material 
Students should be able to:
1. Use the periodic table to predict the relative size and ionization energy of atoms.
a. Know the trends for both atomic radius and ionization energy and rank atoms according to these trends.
2. Recognize the bonding characteristics of covalent compounds.
a. Classify a chemical formula as an ionic or covalent compound.
b. Determine the typical number of covalent bonds formed by an element in a covalent/molecular compound.
3. Draw Lewis structures of covalent compounds – single bonds.
a. Draw and/or recognize valid Lewis structures given a molecular formula containing single bonds only.
4. Draw Lewis structures of covalent compounds – double and triple bonds.
a. Draw and/or recognize valid Lewis structures given a molecular formula containing double and triple bonds.
5. Draw/recognize resonance structure for ions and molecules.
a. Calculate the formal charge of an atom in an ion.
b. Determine if a resonance structure is valid (i.e., does it have the correct number of valence electrons, violate the octet rule, etc.)
c. Determine the number of possible resonance structures for a polyatomic ion.
6. Predict the shape around an atom in a molecule.
a. Use VSEPR theory to determine the shape around non-hydrogen atoms in covalent compounds.
7. Use electronegativity to determine whether a bond is polar or nonpolar.
a. Use electronegativity trends to predict if a bond is polar or nonpolar.
8. Determine whether a molecule is polar or nonpolar.
a. Use molecular shape and bond polarity to predict if a molecule is polar or nonpolar.

Chapter 11: Introduction to Organic Molecules and Functional Groups
At the end of Chapter 11, students should be able to:
1. Recognize the characteristic features of organic compounds.
a. Classify a compound and/or chemical formula as an organic or inorganic compound.
b. Complete organic compound Lewis structures with the appropriate number of hydrogen atoms and/or lone pairs of electrons.
2. Predict the shape around an atom in an organic molecule.
a. Use VSEPR theory to determine the shape around non-hydrogen atoms in organic compounds.
3. Use shorthand methods to draw organic molecules.
a. Interconvert between Lewis structures, condensed structures, and skeletal structures.
4. Determine the number of carbon and hydrogen atoms in a skeletal structure.
5. Memorize the names and structures of common organic functional groups.
a. Identify functional groups in organic molecule structures.
6. Compare the physical properties of organic versus inorganic/ionic compounds.
a. Describe the forces that characterize organic, inorganic, and ionic compounds.
b. Recall the intermolecular forces: London/dispersion forces, dipole/dipole interactions, and hydrogen bonding.
7. Determine whether an organic compound is polar or non-polar and its solubility properties.
a. Classify an organic molecule as soluble or insoluble in water using the 5 carbon atoms: 1 heteroatom rule.
b. Classify an organic molecule as soluble or insoluble in organic solvents using the 5 carbon atoms: 1 heteroatom rule.
8. Determine whether a vitamin is polar or non-polar and its solubility properties.
a. Classify a vitamin as soluble or insoluble in water using the 5 carbon atoms: 1 heteroatom rule.
b. Classify a vitamin as soluble or insoluble in lipids using the 5 carbon atoms: 1 heteroatom rule.

Chapter 12: Alkanes
At the end of Chapter 12, students should be able to:
1. Identify and draw acyclic and cyclic alkanes.
a. Memorize the parent names for continuous carbon chains 1-10.
b. Draw unbranched acyclic and cycloalkanes given the parent name.
2. Identify and draw constitutional isomers.
a. Define isomer.
b. Determine if organic molecules are identical, isomers, or unique from one another.
3. Name alkanes and cycloalkanes using the IUPAC system of nomenclature.
a. Draw the structure of an alkane or cycloalkane given the IUPAC name.
b. Name an alkane or cycloalkane if given the chemical structure.
4. Predict the physical properties of alkanes.
a. Predict and rank alkanes according to their physical properties (e.g., melting and boiling points).
5. Write equations for the complete and incomplete combustion of alkanes.	
a. Write and balance chemical equations when alkanes are burned producing carbon dioxide and water (complete combustion).
b. Write and balance chemical equations when alkanes are burned producing carbon monoxide and water (incomplete combustion).
6. Draw the products and know the reagents of the halogenation of alkanes.
a. Classify carbon atoms as primary, secondary, tertiary, or quaternary.  
b. Determine which carbon atom is halogenated in an alkane during a halogenation reaction.

Chapter 13: Unsaturated Hydrocarbons
At the end of Chapter 13, students should be able to:
1. Identify the three major types of unsaturated hydrocarbons.
a. Identify and name alkenes using IUPAC nomenclature rules.
b. Identify and name alkynes using IUPAC nomenclature rules.
c. Identify and name benzene derivatives using IUPAC nomenclature rules.
i. Label di-substituted benzene derivatives as ortho, meta, or para.
2. Recognize the difference between constitutional isomers and stereoisomers.
a. Determine if a carbon-carbon double bond is cis, trans, or neither.
3. Identify saturated and unsaturated fatty acids and predict their relative melting points.
a. Determine if a unsaturated fatty acid is monounsaturated, polyunsaturated, and/or a trans fat.
4. Draw/recognize the products of addition reactions.
a. Memorize the reagents for symmetric addition reactions – hydrogenation and halogenation.
b. Memorize the reagents for asymmetric addition reactions – hydrohalogenation and hydration.
i. Draw/recognize the major and minor products for asymmetric addition reactions using Markovnikov’s rule.
5. Draw/recognize the structure of polymers formed from alkene monomers.
a. Determine the number of monomer units contained in a given polymer.
6. Draw/recognize the products of benzene substitution reactions.
a. Memorize the reagents for chlorination, bromination, nitration, and sulfonation.

Chapter 14: Organic Compounds containing Carbon-Heteroatom Single Bonds (Oxygen, Sulfur, and Halogens)
At the end of Chapter 14, students should be able to:
1. Identify alcohols, ethers, alkyl halides, and thiols.
a. Identify and name alcohols using IUPAC nomenclature rules.
b. Identify and name ethers using IUPAC nomenclature rules.
c. Identify and name alkyl halides using IUPAC nomenclature rules.
d. Identify and name thiols using IUPAC nomenclature rules.
2. Classify alcohols and alkyl halides are primary (1), secondary (2), or tertiary (3).
3. Describe/rank the physical properties of alcohols, ethers, alkyl halides, and thiols.
4. Draw/recognize alcohol dehydration products using Zaitsev’s rule.
a. Determine if an alkene is mono-, di-, tri-, or tetra-substituted.
5. Draw/recognize alcohol oxidation products.
a. Determine if products of primary, secondary, and tertiary alcohol oxidation.
6. Draw/recognize the products of thiol oxidation/reduction.

Chapter 15: The 3D Shape of Molecules
At the end of Chapter 15, students should be able to:
1. Determine if an object or molecule is chiral or achiral.
2. Determine if a carbon atom is a chirality center.
a. Determine if a carbon atom has 4 unique atoms/groups bonded to it.
3. Draw/recognize a pair of enantiomers.	
a. Determine the maximum number of stereoisomers for a compound using the 2n rule where n = to the number of chirality centers.
4. Explain why some chiral drugs have very different properties compared to their mirror images.
5. Draw Fischer projections.
a. Determine the number of chirality centers in a Fischer projection.
6. Compare the physical properties of enantiomers.
a. Describe optical activity and how a pair of enantiomers affect plane-polarized light.
7. Draw/recognize a pair of diastereomers.
8. Explain the relationship between the shape and the odor of a molecule.

Chapter 16: Aldehydes and Ketones
At the end of Chapter 16, students should be able to:
1. Identify aldehydes and ketones. 
a. Identify and name aldehydes using IUPAC nomenclature rules.
b. Identify and name ketones using IUPAC nomenclature rules.
2. Describe the physical properties of aldehydes and ketones.
a. Determine if a molecule is capable of hydrogen bonding with other aldehyde and ketones.
b. Determine if a molecule is capable of hydrogen bonding with water.
3. Draw/recognize the products of aldehyde and ketone oxidation reactions.
a. Draw/recognize the oxidation products with mild oxidizers (i.e., Tollen’s reagent and Benedict’s reagent).
b. Draw/recognize the oxidation products with strong oxidizers (i.e., potassium dichromate, K2Cr2O7).
4. Draw/recognize the products of aldehyde and ketone reduction reactions with molecular hydrogen and metal catalysts.
a. Draw/recognize the products of aldehyde and ketone reduction reactions with biological redox reagents (NAD+/NADH and FAD/FADH2).
5. Describe the basic reactions in vision.
a. Determine if a vision reaction is an oxidation, reduction, or isomerization.
6. Identify acetal and hemiacetal functional groups.
a. Determine the aldehyde or ketone used for preparing an acetal and hemiacetal.
b. Determine the alcohol(s) used for preparing an acetal and hemiacetal.
c. Determine the products of acetal and hemiacetal hydrolysis.  

Chapter 20: Carbohydrates
At the end of Chapter 20, students should be able to:
1. Identify the three major types of carbohydrates – monosaccharides, disaccharides, and polysaccharides.
2. Recognize the major structural features of monosaccharides.
a. Determine if a monosaccharide is an aldose or ketose.
i. Determine if a monosaccharide is a triose, tetrose, pentose, or hexose.
b. Determine the number of chirality centers in a monosaccharide.
c. Determine if a monosaccharide has a D- or L- configuration.
3. Draw/recognize the cyclic forms of monosaccharides and classify the Haworth projection as either alpha (α) or beta (β) anomers.
a. Draw the Fischer projection of a monosaccharide given the cyclic form of the compound.
4. Draw/recognize the reduction and oxidation products of monosaccharides.
a. Draw/recognize the oxidation products with mild oxidizers (i.e., Tollen’s reagent and Benedict’s reagent).
b. Draw/recognize the products of reduction reactions with molecular hydrogen and metal catalysts.
5. Recognize the major structural features of disaccharides.
a. Determine where the glycosidic linkage is in a disaccharide and label the linkage as alpha or beta. (e.g., alpha 1,6, beta 1,4, etc.).
b. Recognize the products of disaccharide hydrolysis.
6. Describe the characteristics of cellulose, amylose, amylopectin, and glycogen.
a. Determine where the glycosidic linkages are in a polysaccharide and label the linkage as alpha or beta (e.g., alpha 1,6, beta 1,4, etc.).
b. Determine if a provided image of a polysaccharide is cellulose, amylose, amylopectin, or glycogen.
7. Give examples of some carbohydrate derivatives that contain amino groups, amides, and carboxylate anions.
8. Describe the role that carbohydrates play in determining blood types.
a. Determine which blood-type is the universal donor.
b. Determine which blood-type is the universal acceptor.
c. Determine if a pair of blood types are compatible with each other for donation.

Chapter 19: Lipids
At the end of Chapter 19, students should be able to:
1. Describe the general characteristics of lipids.
a. Determine if a lipid is soluble in a particular solvent/solution (like dissolve like).
b. Determine if a class of lipid is hydrolysable or non-hydrolysable.  
c. Recognize a structure from a lipid category.
i. Triacylglycerols (triglycerides)
ii. Waxes
iii. Phospholipids
iv. Steroids
v. Fat-soluble Vitamins
vi. Eicosanoids
2. Classify fatty acids and describe the relationship between the number of double bonds and melting point.
a. Determine if a fatty acid is saturated or unsaturated.
b. Determine the omega-n designation of an unsaturated fatty acid.
3. Draw the structure of a wax and identify the carboxylic acid and alcohol components.
4. Draw the structure of triacylglycerols (triglycerides) and describe the difference between a fat and an oil.
a. Determine if a triglyceride is mixed/simple and/or saturated/unsaturated.
b. Draw the hydrolysis products of triacylglycerols.
5. Identify the two major classes of phospholipids.
a. Determine if a phospholipid is a phosphoacylglycerol or a sphingomyelin.
6. Describe the structure of a cell membrane, as well as different mechanisms of transport across the membrane.
a. Determine if membrane transport is diffusion, facilitated diffusion, or active transport.
7. Recognize the main structural features of steroids like cholesterol. 
a. Describe the relationship between blood cholesterol level and cardiovascular disease.
8. Define what a hormone is and list several examples of steroid hormones.
a. Classify a hormone as either a sex hormone or adrenal cortical steroid.
9. Identify fat-soluble vitamins and describe their biological roles.
10. Discuss the general structural features and biological activity of prostaglandins and leukotrienes (eicosanoids).

Chapter 21: Amino Acids, Proteins, and Enzymes
At the end of Chapter 21, students should be able to:
1. Identify the general features of amino acids. 
a. Determine if an amino acid is a D- or L-configuration.
b. Recognize an amino acid and classify them as neutral-polar, neutral-nonpolar, acidic, or basic.
c. Define zwitterion and determine if an amino acid is in a zwitterionic state.
d. Determine the charge of an amino acid at physiological, acidic, and basic pH values.
2. Draw/recognize simple peptides from individual amino acids and label the N- and C-terminal amino acids.
a. Determine the amino terminus amino acid in a peptide.
b. Determine the carboxy terminus amino acid in a peptide.
c. Determine how many amino acids compose a peptide.
3. Recognize examples of simple biologically active peptides.
4. Describe the characteristics of primary, secondary, tertiary, and quaternary protein structure.
a. Define and describe the four levels of protein structure.
b. Determine the forces responsible for interactions in the four levels of protein structure.
5. Define and describe the primary function of fibrous proteins.
6. Define and describe the primary function of globular proteins.
7. Recognize the products of protein hydrolysis.
a. Determine the number of amide functional groups in a protein or peptide.
8. Define protein denaturation.
a. Recognize and describe the methods used to denature proteins.
9. Define and describe enzymes.
a. Classify an enzyme given a chemical reaction.
10. Describe how enzymes work.
a. Describe the binding models of enzymes and how enzymes work.
b. Describe how reversible enzyme inhibitors (competitive and non-competitive) and irreversible enzyme inhibitors work.

Chapter 23: Metabolism
At the end of Chapter 23, students should be able to:
1. Define metabolism and explain where energy production occurs in cells.
2. Describe the four stages of catabolism and determine where each stage occurs.
3. Describe the function of main metabolic co-enzymes: 
a. NADH/NAD+ 
b. FAD/FADH2
c. Coenzyme A.
4. Explain the role of ATP in energy production and how coupled reactions drive energetically unfavorable reactions.
a. Calculate the energy associated with coupled reactions.
5. List the main features of the citric acid cycle.
a. Determine where NADH, FADH2, GTP, and carbon dioxide are produced in the citric acid cycle.
6. Describe the main components of the electron transport chain and oxidative phosphorylation.
a. Determine where NADH and FADH2 feed into the electron transport chain.
b. Describe how the electron transport chain produces ATP.
