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SYLLABUS


COURSE NUMBER: CHEM 1113	COURSE TITLE: Elements of Organic and
Biochemistry

CREDITS: 4

PRE-REQUISITES
· Writing: Eligibility for Composition I AND
· Math: Qualifying math placement score or Completion of MATH 1025 (Quantitative Literacy) or higher or completion of STAT 1350 (Elementary Statistics)

CO-REQUISITES: None

COURSE DESCRIPTION
This is a course in elementary chemical concepts designed primarily for allied health students. It includes the study of basic organic chemistry, especially related to functional groups, and biochemistry including carbohydrates, lipids, proteins, enzymes, nucleic acids, and metabolism.

COURSE LEARNING OUTCOMES
1. Understanding the molecular basis of matter: Students will demonstrate a basic understanding of the molecular basis of matter and apply it to organic chemistry and biochemistry. Students will apply their knowledge of Lewis Structure, the Octet Rule, VSEPR theory, organic functional groups, and intermolecular forces to the structures of organic molecules and to the structures and functions of biomolecules. Students will demonstrate an ability to use chemical terminology and notation like the IUPAC nomenclature system and the primary/secondary/tertiary structures of proteins to describe chemical and biochemical phenomena.
2. Solving problems and making predictions of a qualitative or quantitative nature: Students will apply the knowledge of basic chemical principles and theories to solve problems of a quantitative and qualitative nature associated with chemical and biochemical phenomena including polymerization, alcohol dehydration, oxidation and reduction, esterification and saponification, enzyme catalysis, acidity
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and isoelectric points of biomolecules, and basic carbohydrate metabolism and molecular genetics.
3. Recognizing that chemistry is an experimental science: Students will demonstrate an understanding of the methods of scientific inquiry and that experimentation can be used to gain new knowledge and to verify current principles, theories, and models which describe chemical behavior. Students will make connections between observations made in the laboratory to broader chemical principles. Students will demonstrate a proficiency in basic chemistry laboratory techniques and the ability to collect, analyze, and report scientific data while recognizing the limitations of experimental data and the value of data reproducibility. Students will perform chemistry and biochemistry experiments including qualitative analysis and synthesis of organic molecules and will explore the chemical properties of biomolecules including lipids and proteins.
4. Making connections between chemical theories and chemical principles, and contemporary topics related to society and the environment: Students will make connections between the principles of organic chemistry and biochemistry and other scientific disciplines and issues in the world around them, with emphasis on the allied health professions. Students will apply their practical knowledge to current problems in areas that include health disorders, metabolism, genetics, and modern pharmaceuticals.

OHIO TRANSFER 36 NATURAL SCIENCE LEARNING OUTCOMES
1. Understand the basic facts, principles, theories, and methods of modern science.
2. Explain how scientific principles are formulated, evaluated, and either modified or validated.
3. Use current models and theories to describe, explain, or predict natural phenomena.
4. Apply scientific methods of inquiry appropriate to the discipline to gather data and draw evidence-based conclusions.
5. Demonstrate an understanding that scientific data must be reproducible but that it shows intrinsic variation and can have limitations.
6. Apply foundational knowledge and discipline-specific concepts to address issues or solve problems.
7. Explain how scientific principles are used in understanding the modern world and understand the impact of science on the contemporary world.
8. Gather, comprehend, apply, and communicate credible information on scientific topics, evaluate evidence-based scientific arguments in a logical fashion, and distinguish between scientific and non-scientific evidence and explanations.

OHIO TRANSFER 36 NATURAL SCIENCE LABORATORY LEARNING OUTCOMES
The laboratory experiment involves and includes the following:

1. Realistic measurements of physical quantities.
2. Data analysis, using data that are unique and/or physically authentic and that include random and/or systematic (natural) variability.

3. Interactions with experimental apparatus, and realistic manipulation of tools/ instruments and/or observed objects in space and time.
4. Synchronous feedback on safety (and consequences of unsafe actions), correctness of procedure, and progress toward experimental goals.
5. Effective interaction with the instructor at several points during each lab activity.

COURSE MATERIALS
· Textbook: Denniston, K., Topping, J., Quirk, D. General, Organic, and Biochemistry.
McGraw-Hill. (ISBN: 9780357685983, Edition: 10, Copyright Year: 2020)
· Laboratory Manual: Lord, M. D. Chemistry 1113 Laboratory Manual. Top Hat. (ISBN: 9781681358482, Edition: 2, Copyright Year: 2018)
· Laboratory Safety Goggles: Chemical Splash-Resistant Safety Goggles (ANSI Z87.1-1989)
· Scientific Calculator


STANDARDS AND METHODS FOR EVALUATION
· Fourteen Homework Assignments (40 points each, 560 points, 33.7% of total)
· Five Tests (120 points each, 600 points, 36.1% of total)
· Sixteen Laboratory Experiments and Reports (25 points each, 400 points, 24.1% of total)
· Research Assignment (100 points, 6.1% of total)
· 1660 Total Points
· Class Grades Assigned
· 90% - 100% of total points earned: A
· 80% - 89% of total points earned: B
· 70% - 79% of total points earned: C
· 60% - 69% of total points earned: D
· Below 60% of total points earned: E

SPECIAL COURSE REQUIREMENTS
· Satisfactory completion of chemical laboratory safety training is required of all students.
· Students must purchase chemical splash-resistant safety goggles. Chemical splash-resistant safety goggles must be worn by every student performing experiments in the chemistry laboratory.
· It is the policy of the Department of Biological and Physical Sciences that all students must earn at least 60% of the total number of laboratory experiment report points in order to receive a passing grade in the class.


BOXED APPLICATIONS, SCIENCE ONLINE ARTICLES, AND RESEARCH ASSIGNMENT
· One goal of this course is to help students make connections between their lives, society, and the environment, and the lecture and laboratory topics. Another goal is to show students how to distinguish between reliable and unreliable sources of scientific information, and to give students practice analyzing and drawing conclusions based on credible information. Toward this end, students analyze information and answer assessment questions about topics covered in the Boxed Applications excerpts in the Text and in Science Online articles (Science Online - Infobase) in every Unit of this course.
· In addition, students complete a Research Assignment where they collect and organize chemical information from reliable and trustworthy sources about a contemporary topic, evaluate scientific arguments and analyze the information to answer questions, solve problems, and draw conclusions. Students communicate the information they find and their analysis in written form in a clear and convincing manner that complies with professional writing standards.


COLLEGE SYLLABUS STATEMENTS
· Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at Standard Syllabus Statement | Columbus State Community College (cscc.edu).

UNITS OF INSTRUCTION, OUTCOMES, AND ASSESSMENT ALIGNMENT

Week 1
· Unit of Instruction: Unit 1 (An Introduction to Organic Chemistry: The Saturated Hydrocarbons)
· Assigned Reading: Chapter 10 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Introduction to the Laboratory" experiment in the Laboratory Manual.
· Assessment Methods: “Introduction to the Laboratory” experiment and safety quiz. Homework #1 in chapter 10 in the Text and related lecture materials.
· Lecture Learning Outcomes: Demonstrate an understanding of the scientific method process, describe the development of the modern definition of organic chemistry, identify common organic compounds and describe their many uses, sources, and occurrences in nature, predict the properties of organic compounds and ionic compounds, describe the bonding combinations found in organic molecules based on the Octet Rule, predict bond angles and shapes of organic molecules based on the VSEPR model, draw condensed structural formulas and structural formulas of organic molecules, state the names of functional groups, recognize functional groups in organic molecules, classify molecules based on their functional groups, identify molecules as constitutional isomers and cis-trans isomers, determine names for normal alkanes using the IUPAC system, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe the rules and procedures necessary for the safe operation of the chemistry laboratory including the safe handling and disposal of chemicals and identifying common laboratory glassware and equipment.
· OT36 Natural Science Learning Outcomes Covered (Week 1): 1, 2, 3, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 1): None
· Course Learning Outcomes Covered (Week 1): 1, 2, 4

Week 2
· Unit of Instruction: Unit 2 (The Unsaturated Hydrocarbons: Alkenes, Alkynes and Aromatics)
· Assigned Reading: Chapter 11 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. “Chemical Bonding II” experiment in the Laboratory Manual. “Chemical Information II” experiment in the Laboratory Manual.
· Assessment Methods: “Chemical Bonding II” experiment and report. Homework #2 covering topics in chapter 11 in the Text and related lecture materials.
· Lecture Learning Outcomes: Distinguish between saturated and unsaturated hydrocarbons, predict bond angles in alkanes, alkenes and alkynes based on the

VSEPR model, predict the names of alkenes given a structure using the IUPAC system, compare and predict the physical properties of organic compounds, predict the products of the addition reactions with alkenes using Markovnikov’s Rule, predict the products of the polymerization of alkenes, determine the cis- and trans-geometry of alkenes using the VSEPR model, predict the names of alkenes and alkynes given a structure using the IUPAC system, demonstrate knowledge of how the stability of aromatic compounds leads to the development of Resonance Theory and how this theory is used to predict the structures and reactivity of these molecules, determine the names of substituted aromatic compounds given a structure using the IUPAC system, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes:
· Chemical Bonding II: Construct models of different organic molecules using molecular models, classify molecules based on functional groups, predict different bonding patterns of carbon atoms in organic molecules using the Octet Rule, predict molecular geometry using the VSEPR model, draw structural and condensed structural formulas of molecules using accepted conventions, explain molecular polarity based on a knowledge of the VSEPR model, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· Chemical Information II: Use reliable online sources of chemistry information to locate physical properties and toxicity data for common organic and ionic compounds, compare the properties of the compounds and determine if the physical properties of the compounds are those predicted based on bonding, perform calculations, and make predictions using this data, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 2): 1, 2, 3, 6, 7, 8
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 2): 3, 4, 5
· Course Learning Outcomes Covered (Week 2): 1, 2, 4

Week 3
· Unit of Instruction: Unit 2 (The Unsaturated Hydrocarbons: Alkenes, Alkynes and Aromatics)
· Assigned Reading: Chapter 11 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. “Polymers” experiment in the Laboratory Manual.
· Assessment Methods: “Polymers” experiment and report. Test #1 covering topics in chapter 10 and chapter 11 in the Text and related lecture materials.

· Lecture Learning Outcomes: Distinguish between saturated and unsaturated hydrocarbons, predict bond angles in alkanes, alkenes and alkynes based on the VSEPR model, predict the names of alkenes given a structure using the IUPAC system, compare and predict the physical properties of organic compounds, predict the products of the addition reactions with alkenes using Markovnikov’s Rule, predict the products of the polymerization of alkenes, determine the cis- and trans-geometry of alkenes using the VSEPR model, predict the names of alkenes and alkynes given a structure using the IUPAC system, demonstrate knowledge of how the stability of aromatic compounds leads to the development of Resonance Theory and how this theory is used to predict the structures and reactivity of these molecules, determine the names of substituted aromatic compounds given a structure using the IUPAC system, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, prepare samples of nylon, polyester, and polyurethane, predict the chemical structures of these polymers by considering the expected reactivity of the reactants and knowledge about polymer formation, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 3): 1, 2, 3, 4, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 3): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 3): 1, 2, 3, 4

Week 4
· Unit of Instruction: Unit 3 (Alcohols, Phenols, Thiols and Ethers)
· Assigned Reading: Chapter 12 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. “Vitamin C Content of Cabbage” experiment in the Laboratory Manual.
· Assessment Methods: “Vitamin C Content of Cabbage” experiment and report. Homework #3 covering topics in chapter 12 in the Text and related lecture materials.
· Lecture Learning Outcomes: Distinguish between alcohols, ethers and thiol, and other types of organic molecules, provide the names and structures of alcohols and ethers using the IUPAC system, predict the physical properties of alcohols and ethers based on polarity and intermolecular forces, predict the major and minor products of the acid-catalyzed dehydration of alcohols by analyzing the mechanism of the reaction and comparing the products formed in these types of reactions, predict the products of the acid-base reactions of phenols based on acid-base theory, predict the products of the oxidation reactions, and make connections between topics in this Unit to issues related to the environment, and society, and

analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, extract vitamin C from cooked and raw cabbage samples, quantitatively measure the amounts of vitamin C in the samples using titration techniques, compare the results of the different samples with those expected based on knowledge of vitamin C stability while taking into consideration the variability of the results in different trials, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 4): 1, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 4): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 4): 1, 2, 3, 4

Week 5
· Unit of Instruction: Unit 4 (Aldehydes and Ketones)
· Assigned Reading: Chapter 13 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. “Aldehydes and Ketones" experiment in the Laboratory Manual.
· Assessment Methods: "Aldehydes and Ketones" experiment and report. Homework #4 covering topics in chapter 13 in the Text and related lecture materials.
· Lecture Learning Outcomes: Distinguish between aldehydes and ketones and other types of organic molecules, determine IUPAC names, common names, and structures of aldehydes and ketones given using the IUPAC system, compare the physical properties of aldehydes and ketones with other organic molecules based on polarity and intermolecular forces, predict the products of the oxidation of alcohols, predict the products of addition reactions of aldehydes and ketones, classify molecules as hemiacetals and acetals based on functional groups, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, perform chemical reactivity tests on alcohol, aldehyde, and ketone samples, compare the results with predictions, determine the identity of an unknown sample based on chemical reactivity while acknowledging the existence of variability of results between samples, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 5): 1, 3, 4, 5, 6
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 5): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 5): 1, 2, 3, 4

Week 6
· Unit of Instruction: Unit 5 (Carboxylic Acids and Carboxylic Acid Derivatives)
· Assigned Reading: Chapter 14 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Carboxylic Acids and Carboxylic Esters" experiment in the Laboratory Manual.
· Assessment Methods: "Carboxylic Acids and Carboxylic Esters" experiment and report. Homework #5 covering topics in chapter 14 in the Text and related lecture materials. Test #2 covering topics in chapter 12, chapter 13, and chapter 14 in the Text and related lecture materials.
· Lecture Learning Outcomes: Distinguish between carboxylic acids and esters and other types of organic molecules, determine IUPAC names, common names, and structures of carboxylic acids and carboxylic esters using the IUPAC system, compare the physical properties of carboxylic acids and esters with other organic molecules based on polarity and intermolecular forces, predict products of acid-base reactions involving carboxylic acids based on acid-base theory, predict the products of Fisher Esterification reactions, identify phosphoric anhydrides and phosphoric esters, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, test the water solubility of a variety of carboxylic acids and compare the results with predictions, explore the acid-base behavior of a carboxylic acid and compare the results with those predicted by expected chemical reactivity, perform a Fischer Esterification reaction, detect the carboxylic ester product while taking into consideration the inherent limitation of the detection process of the ester, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 6): 1, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 6): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 6): 1, 2, 3, 4

Week 7
· Unit of Instruction: Unit 6 (Amines and Amides)
· Assigned Reading: Chapter 15 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Preparation of Aspirin" experiment in the Laboratory Manual.
· Assessment Methods: "Preparation of Aspirin" experiment and report. Homework #6 covering topics in chapter 15 in the Text and related lecture materials.
· Lecture Learning Outcomes: Distinguish between amines, amides, and other types of organic molecules, determine the IUPAC names, common names, and

structures of amines and amides using the IUPAC system, predict the physical properties of amines and amides, compare the physical properties of amines with other organic molecules based on polarity and intermolecular forces, predict the acid-base reactions of amines using acid-base theory, classify molecules as amino acids, alkaloids, and heterocyclic amines, compare and predict the base strength of different types of amines, recognize the general structure of an amino acid, define the properties of alkaloids and neurotransmitters, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, utilize knowledge of carboxylic acid reactivity to prepare a sample of aspirin, calculate the limiting reagent and percent yield, and consider factors that contribute to low percent yield, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 7): 1, 2, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 7): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 7): 1, 2, 3, 4

Week 8
· Unit of Instruction: Unit 7 (Carbohydrates)
· Assigned Reading: Chapter 16 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "The Characterization of Carbohydrates" experiment in the Laboratory Manual.
· Assessment Methods: "The Characterization of Carbohydrates experiment and report. Homework #7 covering topics in chapter 16 in the Text and related lecture materials.
· Lecture Learning Outcomes: Describe the structures, biological functions, and importance of different types of carbohydrates, identify and classify different types of carbohydrates based on structure and functional groups, classify linear monosaccharides as D- or L- configuration, identify constitutional isomers and stereoisomers in monosaccharides, predict the products of the cyclization reactions of monosaccharides, classify cyclic monosaccharides as alpha and beta configuration, state common carbohydrates and their occurrences and biological functions, distinguish and state the connections between molecules that are constitutional isomers, stereoisomers and geometric isomers, describe the structure of chiral molecules using the VSEPR model, state the definition of chirality, classify an object or a molecule as chiral or not chiral (achiral), identify molecules as enantiomers and as diastereomers, predict the properties of molecules that are enantiomers and diastereomers, calculate the maximum number of stereoisomers that can exist for a molecule, discuss the importance of chiral molecules in biological systems, and make connections between topics in this Unit to issues related to the

environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, perform chemical tests on several carbohydrate samples and determine whether the results comply with expectations based on structural features, perform a hydrolysis of a carbohydrate, determine the products of the hydrolysis based on chemical tests, draw conclusions about the progression and success of the hydrolysis reaction, acknowledge the variability of results that occur based on limitations of the chemical tests employed, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 8): 1, 2, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 8): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 8): 1, 2, 3, 4

Week 9
· Unit of Instruction: Unit 8 (Lipids and Their Functions in Biological Systems)
· Assigned Reading: Chapter 17 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Lipids" experiment in the Laboratory Manual.
· Assessment Methods: "Lipids" experiment and report. Homework #8 covering topics in chapter 17 in the Text and related lecture materials.
· Lecture Learning Outcomes: Describe the structures, biological functions, importance of different types of lipids and connection to human health, describe the general properties of lipids, distinguish between saturated and unsaturated fatty acids, compare the melting points of saturated and unsaturated fatty acids, recognize typical structural features of eicosanoids and describe the biological importance of eicosanoids, describe the importance of lipids in biological membrane (lipid bilayer) structure, predict the products of hydrolysis and saponification of neutral glycerides, recognize typical structural features of phosphoglycerates’, sphingolipids, glycolipids, steroids, waxes and plasma lipoproteins, and describe the biological importance of these molecules, demonstrate knowledge of the biological importance of cholesterol, describe and recognize the structure of steroids and describe their biological importance, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, perform a saponification reaction on a fat sample, analyze the product mixture of the reaction to help identify products formed, draw conclusions about the progression and success of the saponification reaction, and

explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 9): 1, 3, 4, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 9): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 9): 1, 2, 3, 4

Week 10
· Unit of Instruction: Unit 8 (Lipids and Their Functions in Biological Systems)
· Assigned Reading: Chapter 17 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Separation of a Mixture" experiment in the Laboratory Manual.
· Assessment Methods: "Separation of a Mixture" experiment and report. Test #3 covering topics in chapter 15, chapter 16, and chapter 17 in the Text and related lecture materials. Research Assignment.
· Lecture Learning Outcomes: Describe the structures, biological functions, importance of different types of lipids and connection to human health, describe the general properties of lipids, distinguish between saturated and unsaturated fatty acids, compare the melting points of saturated and unsaturated fatty acids, recognize typical structural features of eicosanoids and describe the biological importance of eicosanoids, describe the importance of lipids in biological membrane (lipid bilayer) structure, predict the products of hydrolysis and saponification of neutral glycerides, recognize typical structural features of phosphoglycerates, sphingolipids, glycolipids, steroids, waxes and plasma lipoproteins, and describe the biological importance of these molecules, demonstrate knowledge of the biological importance of cholesterol, describe and recognize the structure of steroids and describe their biological importance, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Research Assignment Learning Outcomes: Collect and organize chemical information from reliable and trustworthy sources about a contemporary topic related to the topics covered in this course, evaluate scientific arguments related to the chosen topic, analyze the information to answer questions, solve problems, and draw conclusions, and communicate the information and analysis in written form in a clear and convincing manner that complies with professional writing standards.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, compare the solubility of organic compounds in water and ethanol using qualitative tests, compare the results with predictions using knowledge about the factors that affect solubility, compare the results with published data while considering the variability inherent in the laboratory methods employed, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.

· OT36 Natural Science Learning Outcomes Covered (Week 10): 1,2, 3, 4, 5, 7, 8
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 10): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 10): 1, 2, 3, 4

Week 11
· Unit of Instruction: Unit 9 (Protein Structure and Function)
· Assigned Reading: Chapter 18 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Proteins I" experiment in the Laboratory Manual.
· Assessment Methods: "Proteins I" experiment and report. Homework #9 covering topics in chapter 18 in the Text and related lecture materials.
· Lecture Learning Outcomes: Describe the structures, biological functions, and importance of different types of proteins and connection to human health, recognize the general structure of amino acids, define the isoelectric point of an amino acid and describe the connection between the isoelectric point to the structure of an amino acid, use acid-base theory and examples of acid-base reactions to predict the acid-base reactions of amino acids, classify amino acids based on their side chains (R-groups), describe how amino acids form peptides, describe the structural difference between fibrous proteins and globular proteins, describe the intermolecular forces that effect primary structure, secondary structure, tertiary structure and quaternary structure of proteins, predict the formation of these forces and describe how these structures contribute to protein structure, describe what happens during protein denaturation and digestion, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, determine water solubility of amino acid samples, and compare the results with those predicted based on established trends, analyze the acid-base behavior of amino acids, compare the results to those expected based on amino acid structure, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 11): 1, 2, 3, 4, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 11): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 11): 1, 2, 3, 4

Week 12
· Unit of Instruction: Unit 10 (Enzymes)
· Assigned Reading: Chapter 19 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Enzymatic Activity" experiment in the Laboratory Manual.
· Assessment Methods: "Enzymatic Activity" experiment and report. Homework #10 covering topics in chapter 19 in the Text and related lecture materials.
· Lecture Learning Outcomes: Describe the structures, biological functions, and importance of different types of enzymes and connections to human health, describe how enzymes increase the rates of chemical reactions, classify enzymes based on the chemical reactions they catalyze, describe the lock-and-key and induced fit theories of enzyme action, demonstrate knowledge of the importance and action of enzyme cofactors and coenzymes to enzyme catalysis, describe how the coenzymes NADH, NADPH and FADH2 function in enzyme catalyzed reactions, describe different ways that enzymes can be regulated, describe the general function and structure of allosteric enzymes, describe feedback inhibition and other inhibition mechanisms and the biological importance of these mechanisms, demonstrate knowledge of the difference between competitive and noncompetitive inhibition, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, expose a chemical reaction containing the catalase enzyme to different environmental conditions, analyze the results to determine and compare the effect of the environmental conditions on catalytic activity while considering the limitations of the qualitative method used to detect catalytic activity, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 12): 1, 2, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 12): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 12): 1, 2, 3, 4

Week 13
· Unit of Instruction: Unit 11 (Introduction to Molecular Genetics)
· Assigned Reading: Chapter 20 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "DNA Structure and Protein Synthesis" experiment in the Laboratory Manual.
· Assessment Methods: "DNA Structure and Protein Synthesis" experiment and report. Homework #11 covering topics in chapter 20 in the Text and related lecture materials. Test #4 covering topics in chapter 18, chapter 19, and chapter 20 in the Text and related lecture materials.
· Lecture Learning Outcomes: Describe the structures, biological functions, and importance of nucleic acids in biological systems, demonstrate knowledge of the connection between structure and function, describe and recognize the general structure of DNA and RNA, describe and recognize the structures on the nitrogenous bases, describe and recognize the structure of nucleotides, describe and predict complementary base pairing between nitrogenous bases, use knowledge of intermolecular forces to demonstrate knowledge of how hydrogen bonding effects DNA and RNA structure, describe the structure of chromosomes, describe the process of protein synthesis and the functions of DNA and RNA in this process, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Use molecular models to simulate the transcription and translation process during protein synthesis, use the simulation to determine the protein fragment that is formed, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 13): 1, 2, 3, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 13): 3, 4, 5
· Course Learning Outcomes Covered (Week 13): 1, 2, 4

Week 14
· Unit of Instruction: Unit 12 (Carbohydrate Metabolism) and Unit 13 (Aerobic Respiration and Energy Production)
· Assigned Reading: Chapter 21 and chapter 22 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Alcohol Fermentation" experiment in the Laboratory Manual.
· Assessment Methods: "Alcohol Fermentation" experiment and report. Homework #12 covering topics in chapter 21 in the Text and related lecture materials. Homework #13 covering topics in chapter 22 in the Text and related lecture materials.
· Lecture Learning Outcomes:

Unit 12: Define anabolism and catabolism, state the three stages of the extraction of energy from food and how these stages fit together, describe the relationship between anabolism and catabolism and the energy transfer associated with both processes, describe the structures of ATP, ADP and AMP, how these molecules are used in the transfer of energy during biochemical processes, demonstrate knowledge of the transfer of energy that occurs during coupled reactions, describe the overall process of glycolysis, describe how glycolysis fits into the overall catabolic pathway, give general descriptions of the chemical reactions that occur in glycolysis based on knowledge of organic molecule reactivity, describe the oxidation-reduction reactions involving the coenzymes NADH and NADPH, describe the overall processes of lactate and alcohol fermentation, and demonstrate knowledge of how fermentation fits into the overall catabolic process, describe how gluconeogenesis, glycogenesis and glycolysis are used to control blood glucose levels, demonstrate knowledge of how diabetes is related to insulin and glucose metabolism, demonstrate knowledge of the overall process of the pentose phosphate pathway, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information. Unit 13: Locate and name the regions of mitochondria and describe the connections between structure and function, describe and predict the chemical reactions that take place during carbohydrate digestion, describe how digestion, glycolysis, the formation of acetyl coenzyme A, the citric acid cycle and oxidative phosphorylation fit together in the overall catabolic extraction of energy from food, describe the general structure of acetyl coenzyme A, describe the general characteristics of the citric acid cycle and oxidative phosphorylation, give general descriptions of the chemical reactions that take place during the citric acid cycle, describe the oxidation-reduction reactions of the nicotinamide adenine dinucleotide coenzyme (NAD+ - NADH) and the flavin adenine dinucleotide coenzyme (FADH2 - FAD) based on knowledge of redox reactions, describe the overall process of the electron transport chain and oxidative phosphorylation, describe the overall processes of transamination and oxidative deamination of amino acids, and how these processes fit together in the degradation of amino acids, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, construct a fermentation apparatus, ferment a carbohydrate source to prepare ethanol, employ laboratory techniques and knowledge of the properties of ethanol to extract the ethanol from the fermentation mixture, perform qualitative tests on the ethanol sample, predict the products of chemical reactions involving alcohols based on the products formed in these types of reactions, and

explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 14): 1, 3, 4, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 14): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 14): 1, 2, 3, 4

Week 15
· Unit of Instruction: Unit 13 (Aerobic Respiration and Energy Production) and Unit 14 (Fatty Acid Metabolism)
· Assigned Reading: Chapter 23 in Text including Boxed Applications excerpts and Science Online articles related to the topics in this Unit. "Calorie Content of Foods" experiment in the Laboratory Manual.
· Assessment Methods: "Calorie Content of Foods" experiment and report. Homework #14 covering topics in chapter 23 in the Text and related lecture materials. Test #5 covering topics in chapter 21, chapter 22, and chapter 23 in the Text and related lecture materials.
· Lecture Learning Outcomes:
Unit 13: Locate and name the regions of mitochondria and describe the connections between structure and function, describe and predict the chemical reactions that take place during carbohydrate digestion, describe how digestion, glycolysis, the formation of acetyl coenzyme A, the citric acid cycle, and oxidative phosphorylation fit together in the overall catabolic extraction of energy from food, describe the general structure of acetyl coenzyme A, describe the general characteristics of the citric acid cycle and oxidative phosphorylation, give general descriptions of the chemical reactions that take place during the citric acid cycle, describe the oxidation-reduction reactions of the nicotinamide adenine dinucleotide coenzyme (NAD+ - NADH) and the flavin adenine dinucleotide coenzyme (FADH2 - FAD) based on knowledge of redox reactions, describe the overall process of the electron transport chain and oxidative phosphorylation, describe the overall processes of transamination and oxidative deamination of amino acids, and how these processes fit together in the degradation of amino acids, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
Unit 14: Describe and predict the chemical reactions that take place during fat digestion, describe how lipids are stored in the human body and how this is different from carbohydrate storage, describe the role of bile salts in triglyceride digestion, give a basic description of what occurs during beta-oxidation of fatty acid, predict the number of runs through beta-oxidation that would be required to breakdown a particular fatty acid, describe and predict the chemical reactions that occur during fatty acid degradation, describe the importance of coenzymes during fatty acid degradation, state the products that are formed during beta-oxidation of fatty acids,

compare the ATP yield obtained from the breakdown of fatty acids and glucose, give a basic description of how ketone bodies are formed and how this fits into fatty acid degradation, describe what causes the accumulation of ketone bodies in the body and how this is related to diabetes in humans, describe in general terms how fatty acids are synthesized in the body, compare the regulation of carbohydrate and lipid metabolism in the liver, adipose tissue, muscle tissue and the brain, state the effects of insulin and glucagon on carbohydrate and lipid metabolism, define terms such as glycogenesis, glycogenolysis, gluconeogenesis, protein synthesis, transamination, oxidative deamination, lipogenesis, lipolysis and ketogenesis, describe the hormonal control of carbohydrate, protein and lipid metabolism, and make connections between topics in this Unit to issues related to the environment, and society, and analyze scientific arguments and information from Assigned Readings, and draw conclusions and make predictions based on this information.
· Laboratory Learning Outcomes: Describe safety concerns related to the laboratory experiment, construct a calorimetry apparatus to determine the calorie content of cashew nut and marshmallow, measure the heat output when these foods are burned, calculate the calorie content per gram in separate trials, compare the results from published data while considering the variation in calculated values from different trials, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 15): 1, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 15): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 15): 1, 2, 3, 4
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