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ARTS AND SCIENCES DIVISION Department of Biological
and Physical Sciences
 



SYLLABUS

COURSE NUMBER:  CHEM 1100          COURSE TITLE:  Chemistry and Society
CREDITS: 5				
PRE-REQUISITES: 
Writing: Eligibility for Composition I 
Math: Qualifying math placement score or Completion of MATH 1025 or higher 
Science: Qualifying science placement score or Completion of CHEM 0100 or higher 

CO-REQUISITES:	None

[bookmark: _Hlk204413681]COURSE DESCRIPTION:  
This is a course for nonscience majors intended to a) acquaint students with the science of chemistry as it relates to modern technological society, and b) help students learn about chemistry in the context of their everyday lives. This course will help students realize the interconnection between chemistry and other disciplines in the natural sciences. The material in the course focuses on the practical significance of basic chemistry in the context of social, political, and economic issues that affect our world.

COURSE LEARNING OUTCOMES:
1. The scientific method:
Students will explore how modern science advances through the four pillars of the scientific method: observation, hypothesis formulation, experimentation, and the interpretation and documentation of results. They will learn to distinguish between a hypothesis and a theory, understand how scientific models are developed to interpret experimental data, and evaluate the precision and accuracy of repeated measurements.
2. Understanding the elemental abundance, atomic/molecular basis of matter:
Students will examine the classification of elements, the periodic trends in their properties, and the roles metals, nonmetals, and rare earth elements play in modern society. They will explore the natural abundance of isotopes and the influence of neutrons on isotope stability. Students will demonstrate an understanding of atomic and molecular structure, with a focus on the importance of electrons—especially valence electrons—in chemical behavior. The course will also cover the formation and properties of ionic and covalent compounds, along with the fundamental principles of chemical bonding.
3. Problem solving in chemistry:
Students will apply problem-solving skills to a range of chemical and physical phenomena. They will perform calculations involving unit conversions, the mole concept, and stoichiometry, including interconversions between moles and molar mass. In addition, students will work with various methods of expressing solution concentration, such as molarity, percentage concentration, parts per million, and parts per billion.
4. Communication in chemistry:
Students will develop fluency in chemical terminology and notation to effectively describe chemical phenomena. They will learn to interpret and explain chemical concepts within broader social, political, economic, and ethical contexts. The course will emphasize how chemistry contributes to addressing global challenges such as climate change, public health, and sustainability. Students will also practice communicating scientific ideas clearly and accurately to non-specialist audiences, helping to bridge the gap between science and society.
5. Application of chemical principles in society:
Students will develop critical thinking skills to make informed and reasoned responses to technology-related issues. They will demonstrate an understanding of fundamental chemical principles and their application in modern technologies, enhancing their ability to evaluate and respond to challenges in a technology-driven world.

OHIO TRANSFER 36 LEARNING OUTCOMES: 
Upon completion of any approved OT36 natural sciences course, students will be able to: 
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. 

COURSE MATERIALS:
[bookmark: _Hlk195700076]Textbook: 21st Century Chemistry: Applying Chemistry to Society,  Macmillan Learning
Calculator: Non-programmable Scientific Calculator    

STANDARDS AND METHODS FOR EVALUATION:
	Assessment Type
	Number
	Points
	Total

	Homework
	15
	10 each
	150

	Quizzes
	4
	20 each
	80

	LearningCurve Reports
	11
	20 each
	220

	Exams
	3
	100 each
	300

	Final Exam
	1
	150 each
	150

	
	
	
	900


[bookmark: _Hlk195699993]Grading Scale: 90-100%= A, 80-89%=B, 70-79%=C, 60-69%=D, below 60%=E

COLLEGE SYLLABUS STATEMENTS
Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.



UNITS OF INSTRUCTION, OUTCOMES, AND ASSESSMENT ALIGNMENT

Week 1
Unit 1: The Scientific Method
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Define what a scientific hypothesis is.
· Define and differentiate a scientific theory from a scientific law.
· Explain why it is incorrect to refer to a theory as being proved.
· Provide examples of how the scientific method is used to test hypotheses.
· Explain how a theory is supported and tested through hypotheses.
· Formulate a series of experiments to test a given hypothesis and describe the possible outcomes.
· Discuss stories from chemistry that provide relevance and context to complex societal issues.
· Discuss how scientists create models that make experimental data easier to understand.
· Use scientific notation to work with large and small numbers.
· Convert units using appropriate conversion factors.
· Define and differentiate precision and accuracy.
· OT36 Learning Outcomes: #1, #2, #4, #8
· Reading assignment: Chapter 1 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #1
·  LearningCurve Report #1 

Week 2
Unit 2: Atoms
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Differentiate between an element and an atom.
· Describe, in their own words, what is meant by the term atom.
· Describe the basic structure of atoms in terms of their subatomic components and their charges.
· Define the terms atomic number and mass number.
· Define isotopes and discuss their natural abundance.
· Determine the isotopic symbols for given atoms.
· Explain the importance of neutrons in atomic structure and stability.
· Determine the number of protons, neutrons, and electrons in an atom.
· Explain why electrons are the most important subatomic particles in determining chemical behavior.
· Differentiate between valence electrons and core (non-valence) electrons.
· Explain what light is and how it interacts with atoms.
· Explain the relationship between electrons and light energy.
· Characterize electromagnetic waves based on their energy and wavelength.
· Rank the following types of light in order of increasing energy: radio waves, microwaves, infrared light, visible light, ultraviolet light, and gamma rays.
· Describe the concept of wavelength as it applies to light.
· Differentiate between emission and absorption of radiation.
· Explain the inverse relationship between wavelength and frequency.
· OT36 Learning Outcomes: #1, #2, #3, #6
· Reading assignment: Chapter 2 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #2 
· LearningCurve Report #2  

Week 3
Unit 3: Organization and Classification of Matter
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Classify different types of matter.
· Describe the distribution of elements in nature.
· Characterize metals, nonmetals, and metalloids.
· Identify metals, nonmetals, and metalloids on the periodic table.
· Explain the important role of soil in the distribution of elements.
· Describe the periodic table as a central organizing principle in chemistry.
· Recognize characteristic patterns in the periodic table and locate element groups and periods.
· Identify each family of elements on the periodic table and describe their shared traits.
· Discuss the growing significance of rare earth elements in modern applications.
· Research the element oganesson (atomic number 118) and list its known isotopes with their mass numbers.
· Write the names and symbols of the first 20 elements in the periodic table.
· Define the terms substance, compound, and mixture.
· Describe methods for separating mixtures into their individual components.
· Define a compound formula.
· Explain the law of constant composition.
· Provide an example of a compound and explain how it illustrates the law of constant composition.
· Characterize the three states of matter.
· Differentiate between physical and chemical changes.
· OT36 Learning Outcomes: #1, #4, #8
· Reading assignment: Chapter 3 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #3 
· LearningCurve Report #3  

Week 4
Unit 4: Chemical Bonds
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Define the octet rule and explain its significance in chemical bonding.
· Explain why noble gases are especially stable.
· Define and differentiate between core electrons and valence electrons.
· Describe the periodic trend in the distribution of valence electrons.
· Explain how atoms achieve stability by gaining or losing electrons.
· Identify ions (cations and anions) formed by the gain or loss of electrons.
· Explain how the periodic table helps organize ions based on their typical charges.
· Describe how cations and anions combine to balance electrical charges.
· Draw Lewis dot diagrams for atoms and ions.
· Contrast bonding electron pairs with non-bonding (lone) electron pairs.
· Define electronegativity.
· Describe the trend of electronegativity across the periodic table.
· Explain how bond types can be predicted using differences in electronegativity.
· Define and differentiate between ionic and covalent bonding.
· Differentiate between bonding and non-bonding electrons.
· Differentiate ionic compounds from covalent compounds.
· Define and differentiate between polar covalent and nonpolar covalent bonds.
· Describe the characteristics of metallic bonding.
· OT36 Learning Outcomes: #1, #2, #3, #4
· Reading assignment: Chapter 4 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #4 
· Quiz #1 
· Exam 1 for the topics covered in Unit 1 ~ Unit 4 

Week 5
Unit 5: Carbon
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Explain why carbon has unique and versatile chemical properties.
· Describe how carbon atoms form four bonds in various arrangements.
· Define allotropes and list common examples.
· Differentiate the structural frameworks of carbon allotropes such as graphite, graphene, and buckyballs (fullerenes).
· Explain why the structure of diamond, a carbon allotrope, results in exceptional strength.
· Describe what graphene is and explain its significance in modern materials science.
· Describe the relationship between bond energy and bond length.
· Explain how increasing the number of bonds between two atoms affects bond length and bond strength.
· Define organic molecules.
· Explain why organic molecules are so abundant in nature.
· Identify the major elements commonly found in organic molecules.
· Define functional groups and list key examples.
· Explain the importance of functional groups in organic chemistry.
· OT36 Learning Outcomes: #1, #2, #4, #5, #7, #8
· Reading assignment: Chapter 5 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #5 
· LearningCurve Report #4 

Week 6
Unit 6: The Air We Breathe
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Define pressure and explain how gases exert pressure on their surroundings.
· Define atmospheric pressure and describe how it changes with altitude.
· Define the mole and explain its importance as a counting unit in chemistry.
· Identify the variables that affect gas behavior (e.g., temperature, pressure, volume, and amount).
· Describe Boyle’s law, Charles’s law, Avogadro’s law, and Amontons’ law, and how they relate to gas behavior.
· Interpret air quality data using concentration units such as ppm and ppb, and evaluate pollution levels based on these values.
· Explain the role of oxygen in combustion, including how hydrocarbons burn to produce carbon dioxide, carbon monoxide, and soot.
· Discuss the goals and significance of the green chemistry initiative.
· Differentiate the types of pollutants produced by burning coal versus gasoline.
· Describe how sulfur oxides (SOₓ) and nitrogen oxides (NOₓ) are formed during combustion processes.
· Explain how ozone is formed in the atmosphere, including the roles of sunlight, nitrogen oxides (NO and NO₂), and volatile organic compounds (VOCs).
· OT36 Learning Outcomes: #1, #2, #3, #4, #7, #8
· Reading assignment: Chapter 6 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #6 
· LearningCurve Report #5 

Week 7
Unit 7: Chemical Reactions
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Describe how chemists represent chemical reactions using chemical equations.
· Provide examples of chemical equations, clearly identifying reactants, products, and their physical states.
· Balance chemical equations accurately.
· Interpret chemical equations both qualitatively and quantitatively.
· Define stoichiometry and explain its applications in chemical calculations.
· Define molar mass and explain its role in stoichiometry.
· Calculate the molar mass of any given element or compound.
· Demonstrate that balanced chemical equations follow the law of conservation of mass.
· Perform conversions between the number of moles and molar mass.
· Explain why real-world chemical reactions are often more complex than simplified equations suggest.
· Describe a reaction energy diagram and how it illustrates the progress of a chemical reaction.
· Define activation energy and explain its effect on the rate of reaction.
· Define and differentiate between endothermic and exothermic reactions.
· Explain how catalysts increase the rate of chemical reactions by lowering activation energy.
· Describe a combustion reaction and discuss its significance in energy production.
· Explain what ozone holes are and describe how they form.
· Describe the health effects associated with ozone depletion.
· OT36 Learning Outcomes: #3, #4, #5, #6, #8
· Reading assignment: Chapter 7 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #7
· LearningCurve Report #6  

Week 8
Unit 8: The Water We Drink
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Explain what water footprints are and their significance in resource management.
· Describe the availability of pure drinking water in the U.S. and compare it to global access.
· Develop awareness of global water shortages for both drinking and agricultural use.
· Describe the role of federal legislation in ensuring access to safe drinking water.
· Define the term potable and explain its relevance to water quality.
· Describe the types of intermolecular forces that exist between molecules.
· Define hydrogen bonding and explain its importance as an intermolecular force.
· Define polarity and list examples of polar molecules.
· Describe how the unique properties of water are related to its molecular structure.
· Explain why ice is less dense than liquid water.
· Explain how polar covalent molecules dissolve in water.
· Define specific heat and explain why water has a high specific heat capacity.
· Describe the effects of water’s high specific heat on the environment and climate.
· Explain how the freezing of atmospheric water contributes to the formation of hurricane-force winds.
· OT36 Learning Outcomes: #1, #2, #4, #5
· Reading assignment: Chapter 8 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #8 
· Quiz #2 
· Exam 2 for the topics covered in Unit 5 – Unit 8

Week 9
Unit 9: Salts and Aqueous Solutions
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Describe the characteristics of salts as ionic solids.
· Illustrate the crystalline lattice structure as the fundamental building block of salts.
· Define and differentiate between monatomic and polyatomic ions.
· Explain why most salts readily dissolve in water.
· Explain the concept of dynamic equilibrium in a saturated solution.
· Define solute, solvent, and solution.
· Define concentration and electrolytes.
· Define concentration units including molarity and percent concentration.
· Perform calculations involving molarity and percent concentrations.
· Define semipermeable membrane and osmosis.
· Describe how living cells use semipermeable membranes to regulate the flow of substances.
· Explain how concentration gradients of various ions are maintained across cell membranes.
· Describe the effects of osmosis on living cells placed in hypotonic, isotonic, and hypertonic solutions.
· OT36 Learning Outcomes: #1, #2, #4, #6
· Reading assignment: Chapter 9 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #9 
· LearningCurve Report #7 

Week 10
Unit 10: Acid Rain
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Describe the autoionization of water using the terms protons, hydronium ion, and hydroxide ion.
· Define acid, base, and pH.
· Characterize the hydronium ion, hydroxide ion, acids, and acidic and basic solutions.
· Illustrate the pH scale and use it to describe acid and base strength.
· Identify the pH values of common substances and their placement on the pH scale.
· Calculate the pH of solutions given whole-number concentrations of hydrogen or hydroxide ions.
· Provide examples of strong acids and strong bases.
· Define acid rain.
· Locate regions in the U.S. where the most acidic rain falls on a map.
· Explain why unpolluted natural rainwater is still slightly acidic.
· Describe the differences in pH among pure water, ordinary rain, and acid rain.
· Quantify and compare the intensity of pH values among different types of acid rain.
· Explain the causes of acid rain in terms of sulfur-based pollution.
· Explain the causes of acid rain in terms of nitrogen-based pollution.
· Describe the role of catalytic converters in reducing automobile emissions.
· List the various sources of NOₓ and SOₓ pollutants.
· Explain trends in pollutant levels over the past 30 years.
· Describe how NOₓ emissions have been controlled differently from SOₓ emissions.
· Explain why removing NOₓ pollutants is more difficult than removing SOₓ pollutants.
· Explain the formation of acidic aerosols and their impacts on building materials and human health.
· Discuss why controlling acid rain is a beneficial investment for human health and the environment.
· OT36 Learning Outcomes: #3, #4, #5, $6, #7, #8
· Reading assignment: Chapter 10 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #10 
· LearningCurve Report #8 

Week 11
Unit 11: Nuclear Reactions
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Describe the contributions of four women scientists to our understanding of nuclear reactions and radioactivity.
· Define radioactivity and radiation.
· Characterize nuclear reactions and compare them to chemical reactions.
· Define half-life.
· Compare alpha, beta, and gamma decay processes in terms of nuclear changes.
· Characterize nuclear fission and contrast it with nuclear fusion.
· Explain the role of neutrons in sustaining a chain reaction during nuclear fission and the source of the energy produced.
· Compare and contrast controlled nuclear chain reactions in power plants with uncontrolled reactions in nuclear bombs.
· Compare and contrast electricity production in conventional and nuclear power plants.
· Explain how uranium-238 radioactive decay produces a series of radioisotopes.
· Describe the Chernobyl accident and explain why radioactive iodine was released and its health hazards.
· Rank natural and human-made sources contributing to annual radiation exposure.
· Evaluate news articles on nuclear power plant construction and nuclear waste removal, demonstrating confidence in understanding scientific principles.
· Demonstrate the connections between nuclear power generation and nuclear weapons proliferation.
· Explain why radon gas is unique among natural sources of radiation.
· Demonstrate how radon gas can pose health risks in households.
· Give examples of applications of nuclear medicine in disease diagnosis and treatment.
· OT36 Learning Outcomes: #1, #2, #3, #4, #6, #7, #8
· Reading assignment: Chapter 11 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #11 
· Quiz #3 
· Exam 3 for the topics covered in Unit 9 ~ Unit 11 

Week 12
[bookmark: _Hlk204536574]Unit 12: Energy, Power, and Climate Change I
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Give examples of energy conversion from one form to another.
· Differentiate power from energy.
· Define fossil fuels, list examples, and identify their sources.
· Define hydrocarbons and list their examples.
· Describe how refineries separate crude oil into usable fractions.
· Explain climate change as a consequence of global warming using the concept of the greenhouse effect.
· Discuss the temporal distribution of atmospheric carbon dioxide levels.
· Assess the sources, relative emission quantities, and effectiveness of greenhouse gases other than CO₂.
· Explain why the increasing atmospheric methane concentration, though smaller than CO₂, is a growing concern for global warming.
· Identify the major sources of methane emissions into the atmosphere.
· OT36 Learning Outcomes: #1, #4, #5
· Reading assignment: Chapter 12 in Text (1/2) including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #12
· LearningCurve Report #9 

Week 13
[bookmark: _Hlk190876097]Unit 12: Energy, Power, and Climate Change II
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Identify the minimum fuel economy levels for cars and trucks as set by the US CAFÉ (Corporate Average Fuel Economy) laws.
· Define the first law of thermodynamics.
· Explain several methods of energy storage.
· Define reduction, oxidation, and redox reaction.
· Explain why oxidation and reduction occur simultaneously in redox reactions.
· Define electrochemical cell, electrolysis, and fuel cell.
· Compare and contrast energy production from fossil fuel combustion and fuel cells.
· Describe the designs, operations, and advantages of various types of batteries.
· Demonstrate the mechanism by which photovoltaic cells convert solar energy into electrical energy.
· Identify three US regions where solar energy harvesting is most promising and three where it is least promising.
· Summarize how human activities impact the carbon cycle and contribute to global warming.
· [bookmark: _Hlk195699831]OT36 Learning Outcomes: #2, #4, #5, #6, #7, #8
· Reading assignment: Chapter 12 in Text (2/2) including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #13 
· LearningCurve Report #10 

Week 14
Unit 13: Sustainability and Recycling
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Describe what sustainability means.
· Describe cradle-to-cradle product designs compared to cradle-to-grave designs.
· Demonstrate understanding of the relationship between polymers and the monomers from which they are synthesized at the molecular level.
· Demonstrate understanding of the molecular mechanism of addition polymerization.
· Compare and contrast low-density polyethylene with high-density polyethylene at the molecular level and in terms of their properties.
· Compare condensation polymerization with addition polymerization.
· Describe the physical properties of polymers.
· Differentiate hydrophilic polymers from hydrophobic polymers.
· Identify plastic ID codes used for recycling.
· Describe thermoplastic polymers.
· [bookmark: _Hlk195699853]Discuss the technical, economic, and political issues related to methods of disposing of waste plastic, including incineration, biodegradation, reuse, recycling, and source reduction.
· OT36 Learning Outcomes: #1, #2, #4, #6, #7, #8
· Reading assignment: Chapter 13 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #14 
· LearningCurve Report #11 

Week 15
Unit 14: Food and Drugs
Course Learning Outcomes: Upon successful completion of this Unit, students will be able to:
· Define and differentiate micronutrients from macronutrients.
· Explain why carbohydrates and proteins are polymers, but fats are not.
· Explain the role of fat in the human body.
· Demonstrate structural understanding of fatty acids and triglycerides.
· Identify sources of saturated and unsaturated fats and their dietary significance.
· Demonstrate understanding of how hydrogenation leads to the formation of trans fats.
· Discuss sources of cholesterol and its significance in the diet.
· Recognize the general structure of amino acids.
· Explain why proteins are the most critical nutrient.
· Demonstrate understanding of the role of carbohydrates in nutrition.
· Explain the characteristics and role of enzymes in the body.
· Differentiate chemically between fat-soluble and water-soluble vitamins.
· Describe the effects of selected minerals on human health.
· Discuss typical recommended daily energy intakes.
· Discuss various strategies for feeding the world’s growing population.
· Define DNA, nucleotide, and complementary base pair.
· Define double helix, gene, and RNA.
· Describe the differences between DNA and RNA.
· Demonstrate understanding of genetic engineering and list its examples.
· [bookmark: _Hlk195699875]OT36 Learning Outcomes: #1, #2, #4, #5, #6, #7, #8
· Reading assignment: Chapter 14 in Text including Chemical Science Online articles related to the topics in this Unit.
· Assessment Methods
· Homework Assignment #15
· Quiz #4 
· Final Exam: The final exam is comprehensive, more focused on Unit 12 ~ Unit 15 (topics on Energy, Climate Change, Sustainability, and Food), Unit 6 (The Air We Breathe), Unit 8 (The Water We Drink), and Unit 10 (Acid Rain). 
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