
     
 

    
  

 

                 

 

  
             

           

           

    

 

   
                 

                

              

               

          

 

   
       

              

           

        

              

 

   
                 

  

               

             

   

                  

                  

 

                

      

             

             

 

    

         

             

      

 

School District of Springfield Township 

Springfield Township High School 
Course Overview 

Course Name: Chemistry (Honors) 

Course Description 
Chemistry (Honors) is a rigorous, laboratory-oriented program consisting of an in-depth study of 

major chemical principles with emphasis on application, critical thinking, and mathematical 

analysis. Mathematics illustrates all chemical principles such as reactivity, periodicity, 

stoichiometry, and atomic behavior. 

Course Prerequisites 
Prerequisites: A minimum final grade of “B” in Algebra II (Honors), a minimum final grade of 

“B” in Physics (Honors) and teacher recommendation OR a final grade of “A” in Algebra II 

(Academic), a final grade of “A” in Physics (Academic) and a teacher recommendation. Students 

should have taken and earned a minimum final grade of “C” in Trigonometry, Pre-Calculus, or 

Statistics OR should take Trigonometry, Pre-Calculus, or Statistics concurrently. 

Unit Titles 
Unit I: The Nature of Chemistry 

Unit II: The Structure and Behavior of Matter (Atomic Structure & Quantum Mechanics) 

Unit III: The Organization of Matter (Periodicity and Formula Writing) 

Unit IV: Qualifying and Quantifying Chemical Reactions 

Unit V: Acids and Bases: An Application of Chemical Kinetics and Equilibrium 

Essential Questions 
1. What is chemistry, why is it called the central science, and how does one go about 

studying it? 

2. What are the Kinetic and Atomic Theories; how do they explain atomic and chemical 

behavior, and why is an understanding of atomic behavior important to chemistry and 

other human endeavors? 

3. What are the properties of matter and energy, and how are they studied and measured? 

4. What are the patterns found on the Periodic Table, and what is the ultimate cause of those 

patterns? 

5. What are chemical reactions, why do they occur, and what are the variables that control 

the rate of a chemical reaction? 

6. How does chemistry move from a theoretical science to an applicable science? 

7. What impacts do chemical reactions have on human society and the environment? 

Big Ideas/Enduring Understandings 

The following enduring understandings are essential to every unit: 

• Chemistry is an experimental science that uses the scientific method and advanced 

mathematics to analyze and solve problems. 



                

          

           

   

           

            

 

         

                

           

             

         

               

           

           

             

            

    

 

       

        

           

              

   

        

                    

        

              

     

           

             

   

             

             

              

              

       

               

           

             

  

               

     

                 

                 

        

 

         

              

• There are essential critical thinking skills that must be used by all students of chemistry 

in order to fully comprehend what is happening. 

o Students need to think analytically and reduce problems to identifiable, 

answerable questions. 

o They must understand problems expressed in experimental questions. 

o They must hypothesize plausible solutions and solve those problems using proper 

mathematics. 

• Experimentation is used to understand chemistry. 

o Students of chemistry must be able to analyze and compare the use of both direct 

and indirect observation as means to study the subject. 

o Qualitative and quantitative data must be collected and analyzed in order to 

describe the changes that are being witnessed. 

o Students must be able to critique the elements of an experimental design and use 

the data to make inferences, predictions, and conclusions to clearly demonstrate 

an understanding of the experiment as well as experimental limits. 

o Experimental results and interpretations must be communicated in a manner that 

is acceptable to the scientific community including the use of models, advanced 

mathematics, diagrams, and graphs. 

Unit I: The Nature of Chemistry 

• Chemists study matter and energy. 

o Macroscopic observations reflect the submicroscopic structure of matter. 

o Most everyday matter occurs as mixtures – the combination of two or more 

substances. 

o These mixtures are heterogeneous or homogeneous. 

o If matter is not a mixture, it is a either a pure element or a compound. 

o Elements are the building blocks of matter. 

• Every substance has a unique set of physical and chemical properties (density, boiling 

point, melting point, etc.) 

o Matter can undergo physical and chemical changes. 

o Changes take place at the macroscopic level to the submicroscopic level in 

chemistry. 

o The physical and chemical properties of matter are consequences of the structure 

and arrangement of matter’s basic particles: atoms, molecules and ions. 

o Changes in matter are observed at the macroscopic level, but chemists attempt to 

explain that behavior by using models of matter at the submicroscopic level, at the 

level of individual particles and their interactions. 

• The Kinetic and Atomic Theories state that matter (solids, liquids, gases, and plasmas) is 

made up of atoms that are in constant motion. 

o Interparticle forces determine the state of matter at a particular temperature and 

pressure. 

o A change in pressure or temperature of a substance indicates changes in energy 

of its particles. 

o Gas pressure and temperature are related to the mass of the gas and to the motion 

of the gas particles. For a fixed amount of gas, a change in one variable – 

pressure, temperature, or volume, affects the other two. 

Unit II: The Structure and Behavior of Matter 

• The Atomic Theory states that matter is made of indestructible atoms. 



               

           

        

                

             

    

              

                

                

         

               

              

             

 

              

   

              

               

                

                

                

                

              

            

              

     

 

       

              

      

             

              

            

               

      

           

              

       

              

              

       

              

          

           

           

      

              

     

o Experiments have revealed that the mass of an atom is concentrated in a tiny 

positively charged nucleus (consisting of protons and neutrons) with a negative 

cloud of electrons moving around the nucleus. 

o The number of protons in the nucleus (and electrons in the cloud) is called the 

atomic number, whereas the number of protons added to the number of neutrons 

equals the atomic mass. 

• Nuclear reactions involve the emission or absorption of alpha, beta, positron, neutron and 

gamma waves/particles by an unstable nucleus of an atom. This is deemed radioactivity. 

o The half-life of a radioactive element is the time it takes for one-half of the 

unstable nuclei in a sample to decay. 

o This reaction (either through fission or fusion) can convert a small mass into a 

large amount of energy according to Einstein’s equation: E = mc 
2
. 

o This radiation has many useful applications, but it also has harmful biological 

effects. 

• Each element has a unique arrangement of electrons, thus yielding specific properties and 

atomic behavior. 

o The electrons move around the nucleus in specific energy levels or spherical 

regions where electrons are likely to be found (these levels have sublevels, too). 

o The higher the energy level, the farther from the nucleus the level is located, and 

the lower the energy level, the closer to the nucleus the level is located. 

o Electrons absorb energy and move to a higher energy level or they give off energy 

(in the form of photons of light) and move to a lower energy level. 

o This is the basis for the electromagnetic spectrum and the Quantum Theory of 

Atomic Behavior where the electrons can behave like light waves. 

o Using this model, a predictable pattern can be used to determine the arrangement 

of electrons in the atom. 

Unit III: The Organization of Matter 

• The Periodic Table evolved over time as scientists discovered more useful ways to 

compare and organize the elements. 

o Elements with similar properties have been placed into groups. 

o The physical and chemical properties of the elements repeat in a regular pattern 

when they are arranged in order of increasing atomic number. 

o The atomic structure and the number of outermost electrons can be related to an 

element’s position on the Periodic Table. 

• Elements are classified as metals, nonmetals, or metalloids/semimetals. 

o The number of outermost electrons and how tightly they are held determine the 

chemical behavior of an element. 

o The different groups of elements are named based on the number of outermost 

electrons, with the number of electrons increasing from left to right (and from one 

to eight among the main groups). 

o The active metals (Alkali and Alkali Earth) occupy the s-block; a mixture of 

metals, metalloids and non-metals (including the Noble Gases) occupy the p-

block; the Transition Metals, groups 3-12, occupy the d-block; and the 

Lanthanides and Actinides, called the Inner Transition Metals, occupy the f-block 

of the Periodic Table. 

o Other patterns can be found in the properties; e.g., size (radius), ionization energy, 

electron affinity, density, and reactivity. 



             

              

           

         

             

            

   

 

        

            

            

   

             

             

              

     

             

                

         

     

      

               

   

                  

           

             

   

              

        

                  

        

             

          

              

             

 

            

              

             

                

  

               

           

              

            

              

      

                

     

• Chemical compounds form when electrons in atoms rearrange to achieve a stable 

configuration (usually achieving the electron makeup similar to a Noble Gas). 

o Sometimes the electrons are shared, producing covalent compounds, while other 

times they are transferred, producing ionic compounds. 

o Atoms in ionic compounds are held together by the attraction of oppositely 

charged ions and atoms in covalent compounds are held together by shared 

electrons. 

Unit IV: Qualifying and Quantifying Chemical Reactions 

• Balanced chemical equations are used to represent chemical reactions. 

o These equations are written using symbols and formulas for elements and 

compounds. 

o They are important because they can indicate how many elements and compounds 

change during a reaction, whether a reaction is endothermic or exothermic. 

o The Law of Conservation of Matter and Energy is clearly illustrated through the 

use of a balanced equation. 

• Although thousands of individual chemical reactions are known, most can be classified 

into five major types that are based on patterns of behavior of reactants and products. 

o The five general types are synthesis, decomposition, single 

displacement/replacement, double displacement/replacement and combustion. 

o Sometimes, classes of reactions overlap. 

• Stoichiometry relates the amount of products and reactants in a chemical equation to one 

another. 

o The mole is a unit used to count particles of matter of a pure substance and one 

mole contains Avogadro’s number, 6.02 x 10 
23 

particles. 

o A balanced chemical equation provides mole ratios of the substance in the 

reaction. 

o This allows chemists to predict the amounts of reactants needed and the amount 

of products that should be produced. 

o It can also be modified for gases with the Ideal Gas Law (PV = nRT) and used 

with solutions to determine the concentration or Molarity. 

• External forces (pressure, catalysts, surface area, number of particles, nature of reactants, 

etc.) modify the rate of a chemical reaction. 

o Reactions occur when the level of activation energy has been met. 

o The rate of a chemical reaction can be determined by using stoichiometry. 

Unit V: Acids-Bases. An Application of Chemical Kinetics and Equilibrium 

• Reversible reactions are those in which products can react to form the reactants. 

o Equilibrium will occur when the forward reaction rate and the reverse reaction 

rate are the same. There is no net change in the amounts of products and 

reactants. 

o According to Le Chatelier’s Principle, if stress is applied to a system at 

equilibrium, the system shifts in the direction that relieves the stress. 

• The concentration of hydrogen ions and hydroxide ions in a reaction or solution 

determines whether an aqueous solution is acidic, basic, or neutral. 

o Nonmetallic oxides react with water to form acids, and metallic oxides react with 

water to form bases. 

o The pH and pOH scales are a way to compare the acidity and alkalinity (basicity) 

of a solution. 



                 

                

               

      

               

                

        

              

            

           

 

   

        

             

                

             

    

              

              

             

           

           

   

                

 

            

              

 

           

        

            

            

        

          

            

     

             

                

 

          

            

    

 

       

          

           

            

  

o Acids have a pH between 1.00 and 6.50 and a pOH between 7.50 and 14.00; bases 

have a pH between 7.50 and 14.00 but a pOH between 1.00 and 6.50. Neutral 

substances have a narrow pH between 6.50 and 7.50. This has led to three 

different definitions for acids and bases. 

• Acid-base reactions are classified by the strengths of the acid and base. 

o When acids and bases react, the pH and pOH of the final solution is dependent 

upon the nature of the reactants. 

o Reactions involving acids, bases, salts and buffers play an important role in the 

human body (in order to maintain proper pH balance), agriculture (the production 

of fertilizer) and the environment (the multiple causes of acid deposition). 

Key Competencies/Skills/Procedures 

The following are skills essential to every unit: 

• Explain why the knowledge of chemistry is central to many human endeavors. 

• Explain the basic safety rules that must be followed when working in the chemistry lab. 

• Compare and contrast scientific theories, scientific laws, and beliefs in chemistry from 

alchemy to modern chemistry. 

• Analyze and explain the accuracy of facts, principles, theories, and laws in chemistry. 

• Analyze and compare the use of both direct and indirect observations and measurements 

as means to study the world and the universe (e.g., behavior of atoms). 

• Compare and contrast qualitative data (descriptive observations) and quantitative data 

(numbers obtained by metric measurements and reported with proper scientific notation 

and significant figures). 

• Solve a problem presented in a laboratory setting using the proper steps of the scientific 

method 

• Use equipment and chemicals properly/safely to collect data and make measurements. 

• Use the rules of scientific notation and significant figures when reporting a numerical 

answer. 

• Evaluate appropriate methods, instruments, and scale for precise quantitative and 

qualitative observations (e.g., to compare properties of materials). 

• Communicate findings from a laboratory in proper written and graphic format. 

o Critique the elements of an experimental design (e.g., raise questions, formulate 

hypotheses, develop procedures, identify variables, manipulate variables, interpret 

data, and draw conclusions) applicable to a specific experimental design. 

o Use data to make inferences and predictions or to draw conclusions, 

demonstrating understanding of experimental limits. 

o Critique the results and conclusions of scientific inquiry for consistency and logic. 

o Illustrate the data collected in a lab in a graphic manner (e.g., proper tables and 

graphs). 

o Communicate the results of an investigation using multiple representations. 

• Use dimensional analysis to solve problems (e.g., density, specific heat, energy 

calculations, gas laws, etc.). 

Unit I: The Nature of Chemistry: 

• Determine/Calculate the degree of uncertainty (standard deviation, fractional uncertainty, 

percent uncertainty, and confidence intervals), precision and accuracy (percent yield and 

percent error) of experimental data and explain what causes uncertainty in measurements 

in chemistry. 



              

             

           

  

               

   

           

   

             

     

            

            

               

             

              

              

 

         

            

       

                

               

              

  

                

      

             

    

             

 

             

             

           

            

             

               

       

 

       

              

          

               

        

               

           

               

 

           

• Compare and contrast extensive properties (dependent on the amount of a substance) and 

intensive properties (independent on the amount of a substance) in defining the properties 

of matter including mass, volume, dimensions, density, freezing point, boiling point, 

solubility etc. 

• Use the properties of matter (e.g., density, boiling and freezing points, solubility, etc.) to 

identify unknown materials. 

• Identify the characteristics of chemical properties, physical properties, chemical changes 

and physical changes. 

• Describe the kinetic-molecular theory and explain how it accounts for observed solid, 

liquid, gas, and plasma behavior. 

• Describe the mathematical relationship between atomic behavior and the properties of 

matter and predict the behavior of matter through the application of mathematics. 

• Predict the behavior of gases (and therefore atoms) through the application of gas laws 

(e.g., Boyle’s and Charles’ Laws, Combined Gas Law and/or the Ideal Gas Law). 

• Apply knowledge of the laws of conservation of mass and energy to chemistry. 

• Determine how energy is generated in the United States (fossil fuels, solar, etc.). 

Unit II: The Structure and Behavior of Matter 

• Compare and contrast scientific theories, scientific laws, and beliefs regarding the 

Atomic Theory from alchemy to modern chemistry. 

• Describe the different types of nuclear decay and absorption that takes place in the atom. 

• Analyze or compare the use of both direct and indirect observations and measurements as 

means to study the world and the universe (e.g., behavior of atoms similar to 

Rutherford’s experiment). 

• Explain the basic structure of all atoms and understand the characteristics of an atom by 

calculating the dimensions and other properties. 

• Interpret the information presented on the Periodic Table (e.g., atomic number, atomic 

mass, symbol and name). 

• Quantify (using many mathematical formulae) and qualify the behavior of light and 

electrons. 

• Explain the Quantum Mechanical Model of Light and Electron Behavior by comparing 

and analyzing waves in the electromagnetic spectrum as well as their properties, energy 

levels, and motion; use Quantum Mechanics to describe electron location; use 

spectroscopic analysis (e.g., spectroscopes, spec 20s, filters) to explain the behavior of 

electrons emitted from different elements; calculate the kinetic energy of an electron, and 

determine if there is adequate energy for the atom to illustrate the photoelectric effect and 

apply this understanding to artwork and forgery. 

Unit III: The Organization of Matter 

• Explain how the relationships of chemical properties of elements are represented in the 

repeating patterns of the Periodic Table using the periodic law. 

• Identify and describe the important trends that exist on the Periodic Table and discuss 

how each trend reflects the elements’ electron configuration. 

• Determine a key example, source, and important use for the different families on the 

Periodic Table, and be able to compare and contrast these families. 

• Explain how the organization of the Periodic Table represents unity and diversity of the 

elements. 

• Explain the irregularities and diagonal relationships of the Periodic Trend. 



              

  

              

   

            

       

            

           

              

          

 

        

          

         

         

     

        

               

     

                 

       

             

      

               

               

   

            

              

   

          

 

            

        

         

                  

             

         

             

            

     

                 

                

               

             

    

              

         

                

• Use the properties and placement of the elements to predict chemical formulas and 

chemical behaviors. 

• Explain the relationship between the physical properties of a substance and its molecular 

or atomic structure. 

• Quantify (mathematically) and qualify the formation of compounds (ionic and covalent) 

and their resulting properties using bonding theories. 

• Write and name ionic and covalent formulas using the accepted methods. 

• Calculate the proper atomic mass of ionic and covalent compounds. 

• Determine the empirical and molecular formula from data and compare and contrast the 

information obtained from an empirical formula and a molecular formula. 

Unit IV: Qualifying and Quantifying Chemical Reactions 

• Describe the characteristics of a chemical reaction. 

o Classify chemical reactions as synthesis, decomposition, single replacement, 

double replacement, combustion or neutralization reactions, and use this 

information to balance chemical equations. 

• Determine why substances react with each other. 

• Determine the constraints that are placed on chemical equations due to the law of 

conservation of matter and energy. 

• Explain how the patterns of change can be used to predict the results of a chemical 

reaction when the products are not given. 

• Describe the factors that influence the frequency of collisions during chemical reactions 

that might affect the reaction rate. 

• Explain the importance of the mole in converting from one unit of measurement to 

another, and use proper mathematics to convert from one unit to another using the mole. 

• Define stoichiometry. 

• Describe the importance of stoichiometry to chemistry and other human endeavors. 

• Identify and solve different types of stoichiometry problems with and without a limiting 

reagent. 

• Determine how mass is conserved in a chemical equation. 

Unit V: Acids-Bases: An Application of Chemical Kinetics and Equilibrium 

• Explain the importance of rates of reactions. 

o Describe and calculate a rate of reaction. 

o Define the rate law of a reaction in terms of the rate constant and reaction order. 

o Describe the relationship between reaction concentration and time for three types 

of reactions, zero order, first order and second order. 

o Determine the reaction rate law by using the method of initial rates. 

• Describe how understanding half-life can be useful for distinguishing between reactions 

of different orders. 

• Define half-life of a reaction as the time required for the concentration of a reaction to 

decrease to half of its initial value = 0.693/k and calculate the half-life of a reaction. 

• Describe how the rate of reaction is influenced by the concentration of reacting species, 

temperature, presence of a catalyst, nature of reactant, volume of reactant, pressure of 

reactant, and collision theory. 

• Define activation energy as the minimum amount of energy required to initiate a 

chemical reaction, and describe how it influences reaction rates. 

• Define catalyst, and describe the effects of a catalyst on the rate of a reaction. 



           

             

 

             

             

  

     

                

             

    

           

        

             

      

              

          

                

                     

            

               

     

           

            

 

 

   
       

           

          

           

          

           

            

            

         

        

 

               

      

         

            

           

             

          

         

          

         

         

• Explain the importance of equilibrium to chemical endeavors. 

• Describe the nature of equilibrium and the difference between chemical and physical 

equilibrium. 

• Define the equilibrium constant in terms of the law of mass action. 

• Determine the relationship between the rate constants and equilibrium constant of a 

reaction. 

• Define Le Châtelier’s Principle. 

• Use Le Châtelier’s Principle to predict the effects of change of conditions on the reaction 

equilibrium and to calculate the new equilibrium conditions after a change in conditions 

of the reaction equilibrium. 

• Explain the importance of acids and bases to chemical endeavors. 

• Describe the characteristics of acids and bases. 

• Define acids and bases chemically using the definitions generated by Arrhenius, Brønsted 

and Lowry, and Lewis. 

• Quantify (mathematically using pH, pOH, Kw, Ka, Kb and % dissociation) and qualify 

reactions involving strong and weak acids, bases, salts, and buffers. 

• Describe buffer solutions as those containing either a weak acid and salt of its conjugate 

base or a weak base and a salt of its conjugate acid and ones that resist a change in pH by 

neutralizing small amounts of acid or base added to it. 

• Describe how a buffer solution can be overwhelmed, the effects during and solutions for 

respiratory acidosis and respiratory alkalosis. 

• Perform titrations to calculate the molarity of acids and bases. 

• Describe the environmental and societal problems that can arise from acid-base 

chemistry. 

Core Vocabulary 
Unit I: The Nature of Chemistry 

Matter (Mass, Weight, Dimensions, Density, Qualitative vs. Quantitative; States) vs. Energy 

(Kinetic, Potential, Radiant, Transfer, Change, Endothermic, Exothermic, Activation), Law of 

Conservation of Matter and Energy, Models, Problem Solving (General, Techniques, Strategies, 

Scientific Method), International System of Measurement (Mass, Weight, Time, Temperature), 

Accuracy & Precision, Percent Error, Significant Digits, Derived Units, Inertia, Changes 

(Chemical vs. Physical), Properties (Chemical vs. Physical; Intensive vs. Extensive; Organic vs. 

Inorganic; Heterogeneous vs. Homogeneous; Melting Point vs. Freezing Point; States of Matter, 

Solvent, Solute, Solution, Precipitate, Substances, Mixtures, Elements, Compounds, Periodic 

Table, Calorie, Calorimeter, Specific Heat, Joules, Kilojoules, Kilocalories 

Note: The vocabulary found in Unit I: The Nature of Chemistry, is the foundational 

vocabulary for Units II through V. 

Unit II: The Structure and Behavior of Matter 

Atomic Theory, Laws of Multiple and Definite Proportions, Kinetic Theory, Pressure, Pascal, 

Barometer, Absolute Zero, Kelvin Scale, Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, 

Combined Gas Law, Ideal Gas Law, Standard Atmospheric Pressure & Temperature. Atoms, 

Molecules, Nucleus, Protons, Neutrons, Electrons, Quarks, Atomic Number, Atomic Mass, 

Isotopes, Radiation/Radioactivity, Alpha, Beta, Gamma, Positron, Neutron, Nuclide, Nucleons, 

Hadrons, Leptons, Nuclear Force, Brownian Motion, Half-Life, Fusion, Fission, Spectroscopy, 

Electromagnetic Spectrum, Frequency, Hertz, Wavelength, Quantum Theory, Photons, Ground 

State, Photoelectric Effect, Wave-Particle Duality, Momentum, Newtonian vs. Quantum 



        

          

 

                

 

 

       

             

           

          

          

          

          

 

                

 

 

        

         

          

        

     

 

               

 

            

         

          

            

           

               

 

   

             

            

 

          

           

      

      

       

 

 

       
 

       

              

 

           

Mechanics, Heisenberg Uncertainty Principle, Quantum Numbers, Probability, Electron 

Cloud/Orbital, Pauli Exclusion Principle, Lewis Electron Dot Diagram, Planck’s Constant 

Note: The vocabulary found in Unit II supports the vocabulary found in Units III through 

V. 

Unit III: The Organization of Matter 

Triad, Octet Rule, Periodic Law & Periodicity, Alkali Metals, Alkali Earth Metal, Transition 

Elements, Lanthanoid Series, Actinoid Series, Boron Family, Carbon Family, Oxygen Family, 

Halogen Family, Noble Gases, Metals vs. Non-metals vs. Semi-metals/Metalloid, Radius, 

Ionization Energy, Electron Affinity, Electronegativity, Chemical Symbol vs. Formula, Ion, 

Oxidation Number, Polyatomic Ion, Ionic Compound, Binary Compound, Molecular Formula, 

Empirical Formula, Ionic Bond, Covalent Bond, Isomer, Polar, Non-polar, Chromatography 

Note: The vocabulary found in Unit III supports the vocabulary found in Units IV through 

V. 

Unit IV: Qualifying and Quantifying Chemical Reactions 

Factor-Label Method, Scientific Notation, Molecular Mass, Formula Mass, Avogadro’s 

Constant, Mole, Molar Mass, Molarity, Percentage Composition, Hydrate, Chemical Reactions, 

Reactant, Product, Single Displacement, Double Displacement, Decomposition, Synthesis, 

Combustion, Stoichiometry, Percentage Yield, Catalyst 

Note: The vocabulary found in Unit IV supports the vocabulary found in Unit V. 

Unit V: Acids-Bases. An Application of Chemical Kinetics and Equilibrium 

Dynamic Equilibrium, Limiting Reactant, Excess Reactant, Reversible Reaction, Activated 

Complex, Reaction Mechanism, Le Chatelier’s Principle, Electrolyte, Hydronium Ion, Acid, 

Base, Conjugate, Binary, Ternary, Strong vs. Weak, Salt, Neutralization Reaction, Spectator Ion, 

Ionization Constant, Percent Ionization, Common Ion Effect, Solubility Product Constant, Ion 

Product Constant of Water, pH & pOH Scales, Hydrolysis, Buffer System, Kw, Ka, Kb, Titration 

Core Resources 

• Smoot, Smith, Price and Russo, Merrill Chemistry: A Glencoe Program, 1993. 

• Rock and McQuarrie, General Chemistry, 3
rd 

Edition, W.H. Freeman and Company, 

1991. 

• Harvard University’s Gray Book: Problem Solving for Freshmen. 

• Demonstrations, Case Studies, and Laboratory Activities developed and/or modified by 

Mr. Scott M. Zgraggen, M.A. Ed. 

• The World of Chemistry Videos 

• Websites including www.jlab.com and www.unitedstreaming.com 

Pennsylvania Anchor Standards Guiding Course 

Unit I: The Nature of Chemistry 

Unit II: The Structure and Behavior of Matter (Atomic Structure & Quantum 

Mechanics) 

Unit III: The Organization of Matter (Periodicity and Formula Writing) 

www.unitedstreaming.com
www.jlab.com


        

              

 

              

     

 

 

               

          
               

                 

   

             

            

       

                 

         

 

             

        
                  

 

             

             

 

              
                 

  

              

              

      

 

            

         
               

     

                

     

             

          

                

              

 

           

       
            

       

                    

 

Unit IV: Qualifying and Quantifying Chemical Reactions 

Unit V: Acids and Bases: An Application of Chemical Kinetics and Equilibrium 

The standards guide more than one unit. After each standard listed below, the applicable 

unit numbers appear in parentheses. 

S11.A.1.1: Analyze and explain the nature of science in the search for understanding the 

natural world and its connection to technological systems. 
1) Compare and contrast scientific theories, laws, and beliefs. (Units I, II, III, IV, V) 

2) Analyze and explain the accuracy of scientific facts, principles, theories and laws. (Units I, II, 

III, IV, V) 

3) Evaluate the appropriateness of research questions. (Units I, II, III, IV, V) 

4) Explain how specific scientific knowledge or technological design concepts solved practical 

problems. (Units I, II, III, IV, V) 

5) Analyze or compare the use of both direct and indirect observation as means to study the 

world and universe. (Units I, II, III, IV, V) 

S11.A.1.2: Identify and analyze the scientific or technological challenges of societal issues; 

propose possible solutions and discuss implications. 
1) Explain and apply scientific concepts to societal issues using case studies. (Units I, II, III, IV, 

V) 

2) Use case studies to propose possible solutions and analyze economic and environmental 

implications of solutions for real world problems. (Units I, II, III, IV, V) 

S11.A.1.3: Describe and interpret patterns of change in natural and human-made systems. 
1) Use appropriate quantitative data to describe or interpret change in systems. (Units I, II, III, 

IV, V) 

2) Describe or interpret dynamic changes to stable systems. (Units I, III, IV, V) 

3) Describe how changes in physical and biological indicators of water systems reflect changes 

in these systems. (Units I, III) 

S11.A.2.1: Apply knowledge of scientific investigation or technological design to develop or 

critique aspects of the experimental or design process 
1) Critique the elements of an experimental design applicable to a specific experimental design. 

(Units I, III, IV, V) 

2) Critique the elements of the design process applicable to a specific technological design. 

(Units I, III, IV, V) 

3) Use data to make inferences and predictions, or to draw conclusions, demonstrating 

understanding of experimental limits. (Units I, II, III, IV, V) 

4) Critique the results and conclusions for consistency and logic. (Units I, II, III, IV, V) 

5) Communicate results of investigations using multiple representations. (Units I, II, III, IV, V) 

S11.A.2.2: Evaluate appropriate technologies for a specific purpose, or describe the 

information the instrument can provide. 
1) Evaluate appropriate methods, instruments, and scale for precise quantitative and qualitative 

observations. (Units I, II, III, IV, V) 

2) Explain how technology is used to extend human abilities and precision. (Units I, II, III, IV, 

V) 



 

                

    
             

         

                     

      

                

 

              
               

       

               

     

              

        

 

            
               

 

              

  

              

      

 

            
                 

      

               

      

              

       

              

           

                 

             

        

 

             
               

     

          

                

 

           

     
             

      

S11.A.3.1: Analyze the parts of a simple system, their roles, and their relationships to the 

system as a whole. 
1) Apply systems analysis, showing relationships, input and output, and measurements to explain 

a system and its parts. (Units II, III, V) 

2) Analyze and predict the effect of making a change in one part of a system on the system as a 

whole. (Units II, III, IV, V) 

3) Use appropriate quantitative data to describe or interpret a system. (Units II, III, IV, V) 

S11.A.3.2: Compare observations of the real world to observations of a constructed model. 
1) Compare the accuracy of predictions represented in a model to actual observations and 

behaviors. (Units I, II, III, IV, V) 

2) Describe advantages and disadvantages of using models to simulate processes and outcomes. 

(Units I, II, III, IV) 

3) Describe how relationships represented in models are used to explain scientific or 

technological concepts. (Units II, III, IV, V) 

S11.A.3.3: Compare and analyze repeated processes or recurring elements in patterns. 
1) Describe or interpret recurring patterns that form the basis of chemical periodicity. (Units II, 

III) 

2) Compare stationary physical patterns such as atomic structure to the objects properties. (Units 

II, III) 

3) Analyze physical patterns of atomic and electronic motion to make predictions or draw 

conclusions. (Units II, III, IV, V) 

S11.C.1.1: Explain the relationship between the structure and properties of matter. 
1) Explain that matter is made of particles called atoms and that atoms are composed of even 

smaller particles. (Units I, II, III) 

2) Explain the relationship between the physical properties of a substance and its molecular or 

atomic structure. (Units I, II, III) 

3) Explain the formation of ionic and covalent compounds and their resulting properties using 

bonding theories. (Units I, III, IV, V) 

4) Explain how the relationships of chemical properties of elements are represented in the 

repeating patterns within the Periodic Table. (Units I, III, IV, V) 

5) Predict the behavior of gases through the application of mathematical laws. (Units I, IV, V) 

6) Describe factors that influence the frequency of collisions during chemical reactions that 

might affect the reaction rates. (Units IV, V) 

S11.C.2.1: Analyze energy sources and transfer of energy, or conversion of energy. 
1) Compare or analyze waves in the electromagnetic spectrum as well as their properties, energy 

levels, and motion. (Unit II) 

2) Describe energy changes in chemical reactions. (Units IV, V) 

3) Apply the knowledge of conservation of energy to explain common systems. (Units I, IV, V) 

S11.C.2.2: Demonstrate that different ways of obtaining, transforming, and distributing 

energy have different environmental consequences. 
1) Explain the environmental impacts of energy use by various economic sectors on 

environmental systems. (Units II, V) 



               

   

             

            

 

        

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

     

2) Explain the practical use of alternative sources of energy to address environmental problems. 

(Units II, V) 

3) Give examples of renewable energy resources and nonrenewable resources, and explain the 

environmental and economic advantages and disadvantages of their use. (Units II, V) 
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