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SYLLABUS


COURSE NUMBER: CHEM 1111	COURSE TITLE: Elementary Chemistry I

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 an introductory course in fundamental chemical concepts and laboratory techniques. Topics include atomic structure, periodic classification of elements, stoichiometry, solutions, acids and bases, pH and buffers, the gas laws, chemical equilibrium, and nuclear chemistry.

COURSE LEARNING OUTCOMES
1. Understanding the atomic/molecular basis of matter: Students will describe the basic structure of atoms and define the terms mass number, atomic mass, atomic number, and isotopes. Students will write electron configurations and orbital diagrams for atoms. Students will predict the shapes of simple, binary covalent molecules based on a knowledge of the VSEPR model. Students will demonstrate the ability to use chemical terminology and notation to describe chemical phenomena on the microscopic and macroscopic scale.
2. Solving problems of a quantitative and qualitative nature: Students will solve problems associated with a variety of chemical phenomena that involve unit-conversion, exponential notation, and proper significant figures. For example, students will solve problems that involve basic stoichiometry, energy transfer in physical and chemical processes, and the relationship between wavelength, frequency, and energy of electromagnetic radiation.
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3. Understanding 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 perform laboratory experiments that involve stoichiometry, chemistry of solutions, gas laws, and basic quantitative and qualitative analysis and they will collect and interpret data to answer questions about chemical systems.
4. Make connections between chemical theories and chemical principles, and contemporary topics related to society and the environment. Students will relate periodic properties of the elements, properties of gases, properties of acids and bases, and properties of radiation and radioactive materials to their occurrence in daily life. Students will connect chemical theories and chemical principles to current events and technological advances.

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: Bettelheim, F. A., Brown, W. H., Campbell, M. K., Farrell, S. O., Torres,
O. J. Introduction to General, Organic, and Biochemistry. Cengage. (ISBN: 9780357685983, Edition: 12, Copyright Year: 2020)
· Laboratory Manual: Lord, M. D. Chemistry 1111 Laboratory Manual. Top Hat. (ISBN: 9781681358468, Edition: 2, Copyright Year: 2018)
· Laboratory Safety Goggles: Chemical Splash-Resistant Safety Goggles (ANSI Z87.1-1989)
· Scientific Calculator

STANDARDS AND METHODS FOR EVALUATION
· Nine Homework Assignments (40 points each, 360 points, 24.7% of total)
· Five Tests (120 points each; 600 points, 41.1% of total)
· Sixteen Laboratory Experiments and Reports (25 points each, 400 points, 27.4% of total)
· Research Assignment (100 points, 6.80% of total)
· 1460 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.

CHEMICAL CONNECTIONS, 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 Chemical Connections 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 (Matter, Energy, and Measurement)
· Assigned Reading: Chapter 1 in Text including Chemical Connections 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 covering topics in chapter 1 in the Text and related lecture materials.
· Lecture Learning Outcomes: Demonstrate an understanding of the scientific method process, demonstrate knowledge of basic metric units and prefixes, solve a variety of problems and perform calculations related to unit-conversion, solve problems related to exponential notation, solve problems related to significant figures, solve a variety of problems related to density, demonstrate an understanding of and describe the properties of the states of matter, demonstrate an understanding of the Law of Conservation of Mass and make predictions related to the Law of Conservation of Mass, solve a variety of problems related to temperature conversion, describe different forms of energy, demonstrate an understanding about the conversion between different forms of energy, solve a variety of problems related to specific heat, 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 1 (Matter, Energy, and Measurement)
· Assigned Reading: Chapter 1 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Physical and Chemical Changes" experiment in the Laboratory Manual.
· Assessment Methods: "Physical and Chemical Changes" experiment and report. Homework #1 covering topics in chapter 1 in the Text and related lecture materials. Test #1 covering topics in chapter 1 in the Text and related lecture materials.
· Lecture Learning Outcomes: Demonstrate an understanding of the scientific method process, demonstrate knowledge of basic metric units and prefixes, solve a variety of problems and perform calculations related to unit-conversion, solve problems related to exponential notation, solve problems related to significant

figures, solve a variety of problems related to density, demonstrate an understanding of and describe the properties of the states of matter, demonstrate an understanding of the Law of Conservation of Mass and make predictions related to the Law of Conservation of Mass, solve a variety of problems related to temperature conversion, describe different forms of energy, demonstrate an understanding about the conversion between different forms of energy, solve a variety of problems related to specific heat, 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, use the Law of Conservation of Mass and make predictions about chemical reactions, apply scientific methods of inquiry to classify changes as physical and chemical based on observations and an understanding of established trends, principles, and chemical behavior, demonstrate an understanding of physical and chemical changes at a molecular level based on established models, explain conclusions and predictions in a laboratory report using evidence-based scientific arguments, and discuss any uncertainty and variability of the data collected and perform additional trials when necessary to verify results.
· OT36 Natural Science Learning Outcomes Covered (Week 2): 1, 2, 3, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 2): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 2): 1, 2, 3, 4

Week 3
· Unit of Instruction: Unit 2 (Atoms)
· Assigned Reading: Chapter 2 in Text including Chemical Connections 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. Homework #2 covering topics in chapter 2 in the Text and related lecture materials.
· Lecture Learning Outcomes: Demonstrate an understanding the composition and classification of matter, distinguish between and give examples of elements, compounds and mixtures found in daily life, make predictions based on the Law of Conservation of Mass and the Law of Constant Composition, describe the postulates of Dalton’s Atomic Theory, describe the basic structure of atoms and define the terms mass number, atomic mass, atomic number, and isotopes, predict behavior based on elemental periodicity, write electron configurations and orbital diagrams for atoms, predict Lewis dot structures for atoms and molecules using the Octet Rule, demonstrate an understanding of the Law of Conservation of Energy, describe and demonstrate an understanding of the electronic structure of atoms in terms of shells, subshells and orbitals, predict electron configurations and energy level diagrams of atoms using the Aufbau Principle and Hund’s Rule, give examples of

electromagnetic radiation and demonstrate an understanding of the relationship between wavelength, frequency and energy of electromagnetic radiation, demonstrate an understanding of the emission of colored visible light from heated metals in terms of electronic transitions, and predict the formation of cations and anions using the Octet Rule, 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: Discuss safety concerns related to the laboratory experiment, employ established laboratory techniques and knowledge of solubility to separate components of an aqueous mixture, determine the percentage composition of these mixtures based on observations and data collection, perform different trials. Discuss safety concerns related to the laboratory experiment, employ laboratory techniques to separate aqueous mixtures of sand and salt, determine the percentage composition of these mixtures based on observations and data collection, and perform different trials and quantitatively evaluate variability in the data. 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, 5, 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 2 (Atoms)
· Assigned Reading: Chapter 2 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Analysis of Ions in Solution" experiment in the Laboratory Manual.
· Assessment Methods: "Analysis of Ions in Solution" experiment and report. Homework #2 covering topics in chapter 2 in the Text and related lecture materials.
· Lecture Learning Outcomes: Demonstrate an understanding the composition and classification of matter, distinguish between and give examples of elements, compounds and mixtures found in daily life, make predictions based on the Law of Conservation of Mass and the Law of Constant Composition, describe the postulates of Dalton’s Atomic Theory, describe the basic structure of atoms and define the terms mass number, atomic mass, atomic number, and isotopes, predict behavior based on elemental periodicity, write electron configurations and orbital diagrams for atoms, predict Lewis dot structures for atoms and molecules using the Octet Rule, demonstrate an understanding of the Law of Conservation of Energy, describe and demonstrate an understanding of the electronic structure of atoms in terms of shells, subshells and orbitals, predict electron configurations and energy level diagrams of atoms using the Aufbau Principle and Hund’s Rule, give examples of electromagnetic radiation and demonstrate an understanding of the relationship

between wavelength, frequency and energy of electromagnetic radiation, demonstrate an understanding of the emission of colored visible light from heated metals in terms of electronic transitions, and predict the formation of cations and anions using the Octet Rule, 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: Discuss safety concerns related to the laboratory experiment, utilize established qualitative laboratory methods and techniques to determine the presence of ions in aqueous solutions and make predictions based on laboratory observations, knowledge of chemical behavior, and established trends, acknowledge any uncertainty and variability of the data collected and perform additional trials when necessary to verify results, and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 4): 1, 2, 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 3 (Chemical Bonds)
· Assigned Reading: Chapter 3 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Water of Hydration" experiment in the Laboratory Manual.
· Assessment Methods: "Water of Hydration" experiment and report. Homework #3 covering chapter 3 in the Text and related lecture materials.
· Lecture Learning Outcomes: Draw electron-dot diagrams (Lewis structures) of ions and atoms using the Lewis Model and the Octet Rule, predict bond polarity using electronegativity values of the atoms, name ionic compounds using the IUPAC System, predict formulas of ionic compounds based on an understanding of the Octet Rule, demonstrate an understanding of the formation of ionic bonds and covalent bonds, draw electron-dot structures of binary covalent compounds and polyatomic ions based on an understanding of the valence-shell electron-pair repulsion (VSEPR) model, name binary covalent compounds using the IUPAC system, give examples of resonance in molecules based on an understanding of Resonance Theory, predict the shapes of simple, binary covalent molecules based on a knowledge of the VSEPR model, predict the polarity of simple, binary covalent molecules based on the concept of electronegativity and the VSEPR model, 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: Discuss safety concerns related to the laboratory experiment, employ laboratory techniques to determine the percentage of water in

two ionic hydrates based on knowledge of chemical reactions and behavior observations, data collection, and calculations using collected data. Explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 5): 1, 2, 3, 4, 5, 6, 7
· 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 3 (Chemical Bonds)
· Assigned Reading: Chapter 3 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Chemical Bonding I" experiment in the Laboratory Manual.
· Assessment Methods: "Chemical Bonding I" experiment and report. Homework #3 covering chapter 3 in the Text and related lecture materials. Test #2 covering topics in chapters 2 and 3 in the Text and related lecture materials.
· Lecture Learning Outcomes: Draw electron-dot diagrams (Lewis structures) of ions and atoms using the Lewis Model and the Octet Rule, predict bond polarity using electronegativity values of the atoms, name ionic compounds using the IUPAC System, predict formulas of ionic compounds based on an understanding of the Octet Rule, demonstrate an understanding of the formation of ionic bonds and covalent bonds, draw electron-dot structures of binary covalent compounds and polyatomic ions based on an understanding of the valence-shell electron-pair repulsion (VSEPR) model, name binary covalent compounds using the IUPAC system, give examples of resonance in molecules based on an understanding of Resonance Theory, predict the shapes of simple, binary covalent molecules based on a knowledge of the VSEPR model, predict the polarity of simple, binary covalent molecules based on the concept of electronegativity and the VSEPR model, 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, knowledge of chemical bonding, and knowledge of the Octet Rule to build molecular structures. Use these molecular structures to predict and explain molecular polarity based on a knowledge of the VSEPR model and electronegativity and explain conclusions and predictions in a laboratory report.
· OT36 Natural Science Learning Outcomes Covered (Week 6): 1, 2, 3, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 6): 3, 4, 5
· Course Learning Outcomes Covered (Week 6): 1, 2, 4

Week 7
· Unit of Instruction: Unit 4 (Chemical Reactions)
· Assigned Reading: Chapter 4 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Determination of the Percent Oxygen in Air" experiment in the Laboratory Manual.
· Assessment Methods: "Determination of the Percent Oxygen in Air" experiment and report. Homework #4 covering chapter 4 in the Text and related lecture materials.
· Lecture Learning Outcomes: Calculate formula and molecular weights, demonstrate an understanding of the Mole Concept, perform a variety of calculations and solve problems related to the Mole Concept, make predictions using the Law of Conservation of Mass and make connections between the Law of Conservation of Mass and balancing chemical equations, perform a variety of calculations and solve problems related to stoichiometry, solve problems related to limiting reagents and percent yield of chemical reactions, predict the products of precipitation reactions using information about the solubility of ionic compounds, identify reactions as oxidation-reduction reactions, 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: Discuss safety concerns related to the laboratory experiment, utilize the properties of oxygen, and knowledge of chemical reactions to determine the percentage of oxygen in air based on observations and collected data. Analyze experimental results and compare results with expected results while taking into consideration the limitations and variability of data collected. 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 4 (Chemical Reactions)
· Assigned Reading: Chapters 4 and 5 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Determination of a Chemical Formula" experiment in the Laboratory Manual.
· Assessment Methods: "Determination of a Chemical Formula" experiment and report. Homework #5 covering chapter 5 in the Text and related lecture materials.
· Lecture Learning Outcomes: Calculate formula and molecular weights, demonstrate an understanding of the Mole Concept, perform a variety of calculations and solve problems related to the Mole Concept, make predictions using the Law of Conservation of Mass and make connections between the Law of Conservation of Mass and balancing chemical equations, perform a variety of calculations and solve problems related to stoichiometry, solve problems related to limiting reagents and percent yield of chemical reactions, predict the products of precipitation reactions using information about the solubility of ionic compounds, identify reactions as oxidation-reduction reactions, 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: Discuss safety concerns related to the laboratory experiment, determine the empirical formula of a metal oxide based on knowledge of chemical reaction and behavior and observations made in the laboratory. Apply the Law of Conservation of Mass and the Law of Constant Composition to make predictions and perform calculations and consider uncertainty and variability of the results when performing calculations. 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 5 (Gases, Liquids, and Solids)
· Assigned Reading: Chapter 5 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Boyle's Law and Gay-Lussac's Law" experiment in the Laboratory Manual.
· Assessment Methods: "Boyle's Law and Gay-Lussac's Law" experiment and report. Homework #5 covering chapter 5 in the Text and related lecture materials. Test #3 covering topics in chapters 4 and 5 in the Text and related lecture materials. Lecture Learning Outcomes: Demonstrate an understanding of the Electronegativity Principle and demonstrate an understanding of electronegativity, and the connection between electronegativity and bond polarity, distinguish between

intramolecular forces and intermolecular forces, make predictions about physical properties using intermolecular attractions and demonstrate an understanding of the effect of intermolecular attractions on physical state, name the states of matter and compare general properties, describe what happens on a molecular level when a substance undergoes a change in physical state, describe and demonstrate an understanding of the laws that govern gas behavior, demonstrate an understanding of Boyle’s Law, Charles’s Law, Gay-Lussac’s Law and Avogadro's Law based on experimental evidence, and predict the behavior of gases, solve problems, perform calculations related to gas samples using Boyle’s Law, Charles’s Law, Gay-Lussac’s Law and Avogadro's Law, demonstrate an understanding the Kinetic Molecular Theory, predict the behavior of gases using the Kinetic Molecular Theory,
demonstrate an understanding of Dalton’s Law of Partial Pressures and make predictions and perform calculations involving Dalton’s Law of Partial Pressures, demonstrate an understanding of the ideal gas equation and make predictions and perform calculations involving the ideal gas equation, describe and predict the intermolecular forces that exist between different types of molecules based on knowledge of bonding and molecular polarity, predict and compare the physical properties of compounds based on the intermolecular forces that exist in the compounds, demonstrate an understanding of the physical properties of common liquids, classify common solid substances as ionic, molecular, network and metallic and predict the properties of these solids, 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: Discuss safety concerns related to the laboratory experiment, demonstrate an understanding of the relationships between the pressure, volume, and temperature of a gas sample, compare these relationships with those predicted by Boyle’s Law and Gay-Lussac’s Law, predict the behavior of a gas sample, collect data of a gas sample, and perform graphical analysis of the data, and take into consideration variability of data collected in trials. Explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 9): 1, 2, 3, 4, 5, 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 5 (Gases, Liquids, and Solids)
· Assigned Reading: Chapter 6 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Crystallization" experiment in the Laboratory Manual.
· Assessment Methods: "Crystallization" experiment and report. Homework #6 covering topics in chapter 6 in the Text and related lecture materials. Research Assignment.
· Lecture Learning Outcomes: Demonstrate an understanding of the Electronegativity Principle and demonstrate an understanding of electronegativity, and the connection between electronegativity and bond polarity, distinguish between intramolecular forces and intermolecular forces, make predictions about physical properties using intermolecular attractions and demonstrate an understanding of the effect of intermolecular attractions on physical state, name the states of matter and compare general properties, describe what happens on a molecular level when a substance undergoes a change in physical state, describe and demonstrate an understanding of the laws that govern gas behavior, demonstrate an understanding of Boyle’s Law, Charles’s Law, Gay-Lussac’s Law and Avogadro's Law based on experimental evidence, and predict the behavior of gases, solve problems, perform calculations related to gas samples using Boyle’s Law, Charles’s Law, Gay-Lussac’s Law and Avogadro's Law, demonstrate an understanding the Kinetic Molecular Theory, predict the behavior of gases using the Kinetic Molecular Theory, demonstrate an understanding of Dalton’s Law of Partial Pressures and make predictions and perform calculations involving Dalton’s Law of Partial Pressures, demonstrate an understanding of the ideal gas equation and make predictions and perform calculations involving the ideal gas equation, describe and predict the intermolecular forces that exist between different types of molecules based on knowledge of bonding and molecular polarity, predict and compare the physical properties of compounds based on the intermolecular forces that exist in the compounds, demonstrate an understanding of the physical properties of common liquids, classify common solid substances as ionic, molecular, network and metallic and predict the properties of these solids, 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: Discuss safety concerns related to the laboratory experiment, compare, describe, and predict the water solubility of ionic compounds

at different temperatures based on knowledge of solubility trends, compare results based on accepted trends. Acknowledge limitations and variability of observations 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, 6, 7,
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· 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 6 (Solutions and Colloids)
· Assigned Reading: Chapters 6 and 7 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Solutions and Solubility" experiment in the Laboratory Manual. “Chemical Information I” experiment in the Laboratory Manual.
· Assessment Methods: "Solutions and Solubility" experiment and report. “Chemical Information I” experiment and report. Homework #7 covering chapter 7 in the Text and related lecture materials.
· Lecture Learning Outcomes: Give examples of common types of mixtures and solutions, describe the characteristics of solutions, perform calculations and solve problems relating to solution solubility based on solubility values, describe the effect of intermolecular forces on the solubility of solutes in solvents, describe the factors that affect solubility, describe what happens on a molecular level when an ionic or covalent solute dissolves in a solvent, predict whether different solutes will dissolve in different solvents based on knowledge of molecular polarity and intermolecular attractions, perform a variety of calculations and solve problems involving solution concentrations, demonstrate an understanding of how water functions as a solvent for ionic and covalent compounds based on knowledge of the interaction between water molecules and compounds, give common examples and describe the properties of colloids, demonstrate an understanding of colligative properties, 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:
· Solutions and Solubility Experiment: Discuss safety concerns related to the laboratory experiment, determine polarities of common substances based on observations of solubility of these substances in different solvents, and make predictions of solubility based on knowledge of bonding and molecular polarity. Employ laboratory techniques, collect data, and perform calculations to determine the concentration of a sodium chloride solution, and report variability of results. Explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.

· Chemical Information I Experiment: Use reliable sources of scientific information to locate physical properties and common uses of compounds, compare the properties of the compounds and determine if the physical properties of the compounds are those predicted based on bond and molecular polarity, locate toxicity data of common substances, and perform calculations and make predictions using this data. Explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 11): 1, 3, 4, 5, 6, 7, 8
· 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 7 (Reaction Rates and Chemical Equilibrium)
· Assigned Reading: Chapter 7 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Le Chatelier’s Principle" experiment in the Laboratory Manual.
· Assessment Methods: "Le Chatelier’s Principle" experiment and report. Homework #7 covering chapter 7 in the Text and related lecture materials. Test #4 covering topics in chapters 6 and 7 in the Text and related lecture materials.
· Lecture Learning Outcomes:	Solve problems related to the rates of chemical reactions, describe the relationship between reaction rates and activation energy, interpret energy diagrams of chemical reactions, demonstrate an understanding of effective molecular collisions during a chemical reaction and describe how molecular collisions effect the rates of chemical reactions, describe what is meant by reversible chemical reactions, describe the factors that affect reaction rates, describe what is meant by dynamic chemical equilibrium, determine the equilibrium expression for a chemical reaction and solve problems related to dynamic equilibrium and equilibrium constants, use LeChatelier’s Principle to predict the effect of various stresses on chemical equilibria, 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: Compare the observations of reversible reactions with those predicted by LeChatelier’s Principle, make predictions based on LeChatelier’s Principle, draw conclusions based on observations, determine whether a chemical reaction is exothermic or endothermic based on the observations of the reaction and knowledge of chemical behavior, and take into consideration the limitations and variability in observations of the color changes which occur during the experiment when reporting results. 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

· 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 8 (Acids and Bases)
· Assigned Reading: Chapter 8 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Red Cabbage and pH" experiment in the Laboratory Manual.
· Assessment Methods: "Red Cabbage and pH" experiment and report. Homework #8 covering chapter 8 in the Text and related lecture materials.
· Lecture Learning Outcomes: Predict the products of chemical reactions based on Arrhenius and Bronsted-Lowry Acid-Base Theory, demonstrate an understanding of acid and base strength, identify conjugate acid-base pairs in acid-base reactions, write formulas and give names of acids and bases using the IUPAC system, demonstrate an understanding of the significance of acid ionization constants, describe the acid-base properties of water, perform calculations involving pH, hydronium ion, and hydroxide ion concentrations, describe and predict the reactions that occur during acid-base titrations, state the importance of acid-base buffers in natural systems, demonstrate an understanding and predict the components of an acid-base buffer, demonstrate an understanding of the importance of maintaining pH levels in biological systems and the use of acid-base buffers to maintain these levels, demonstrate an understanding of how a buffer works and buffer capacity, 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: Discuss safety concerns related to the laboratory experiment, predict the pH values of common household items, determine the pH values of these items using the pH indicator extracted from red cabbage using knowledge of acid-base behavior and acid-base indicators. Discuss limitations that are inherent when using qualitative color tests 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, 4, 5, 6, 7
· OT36 Natural Science Laboratory Learning Outcomes Covered (Week 13): 1, 2, 3, 4, 5
· Course Learning Outcomes Covered (Week 13): 1, 2, 3, 4

Week 14
· Unit of Instruction: Unit 8 (Acids and Bases)
· Assigned Reading: Chapters 8 and 9 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Buffers" experiment in the Laboratory Manual.
· Assessment Methods: "Buffers" experiment and report. Homework #9 covering chapter 9 in the Text and related lecture materials.
Lecture Learning Outcomes: Predict the products of chemical reactions based on Arrhenius and Bronsted-Lowry Acid-Base Theory, demonstrate an understanding of acid and base strength, identify conjugate acid-base pairs in acid-base reactions, write formulas and give names of acids and bases using the IUPAC system, demonstrate an understanding of the significance of acid ionization constants, describe the acid-base properties of water, perform calculations involving pH, hydronium ion, and hydroxide ion concentrations, describe and predict the reactions that occur during acid-base titrations, state the importance of acid-base buffers in natural systems, demonstrate an understanding and predict the components of an acid-base buffer, demonstrate an understanding of the importance of maintaining pH levels in biological systems and the use of acid-base buffers to maintain these levels, demonstrate an understanding of how a buffer works and buffer capacity, 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: Discuss safety concerns related to the laboratory experiment, explore the behavior of acid-base buffer systems using knowledge of acid-base chemistry, and observe and collect data based on the behavior of an acid-base buffer and compare observations with those predicted by acid-base theory, and take into consideration the limitations and variability that may occur with the use of color-based pH indicator and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 14): 1, 2, 3, 4, 5, 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 9 (Nuclear Chemistry)
· Assigned Reading: Chapter 9 in Text including Chemical Connections excerpts and Science Online articles related to the topics in this Unit. "Determination of the Formula Weight of an Acid by Acid-Base Titration" experiment in the Laboratory Manual.
· Assessment Methods: "Determination of the Formula Weight of an Acid by Acid-Base Titration" experiment and report. Homework #9 covering chapter 9 in the Text

and related lecture materials. Test #5 covering topics in chapters 8 and 9 in the Text and related lecture materials.
Lecture Learning Outcomes: Describe different kinds of radioactivity and the properties of this radioactivity, describe the relationship between the wavelength and frequency of a wave and the energy of the radiation, describe the factors that affect the stability of an isotope and predict the stabilities of isotopes based on established trends, describe the changes that occur in an atom when the atom emits radioactivity, balance nuclear equations and predict the products of nuclear reactions, compare nuclear and chemical reactions, perform calculations using the half-lives based on the properties of radioactive materials, describe how to detect and measure nuclear radiation, describe how radiation dosimetry is related to human health, describe how nuclear chemistry is used in medicine, describe how nuclear fission and fusion are related to energy production, demonstrate an understanding of and describe the differences between nuclear fusion and nuclear fission, describe common sources of radioactive exposure to humans, demonstrate why radon is harmful to human health, describe how and why radiation damages human tissue, describe how and why radioactive decay (such as carbon-14 dating) can be used to determine the age of objects, 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: Discuss safety concerns related to the laboratory experiment, predict the results of acid-base reactions based on knowledge of acid-base chemistry, collect data during an acid-base titration experiment, and use the data to calculate the formula weight of an acid. Perform trials of the titrations and quantitatively evaluate variability in the data and explain conclusions and predictions in a laboratory report using evidence-based scientific arguments.
· OT36 Natural Science Learning Outcomes Covered (Week 15): 1, 3, 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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