
 

 

SCIENCE DEPARTMENT CHEMISTRY (H): Course Number 431 

  

 

 

The Department’s Educational Philosophy 

 Students will engage in the process of science through scientific inquiry and application of the underlying scientific concepts.  

 Students will use qualitative as well as computational thinking to analyze and interpret data.   

 Students will develop the necessary skills to generate, interpret qualitative and quantitative data, evaluate scientific claims, and 

provide evidence for scientific conclusions.  

 

 

 

Guiding Principles 

 Students will engage with the process of science by participating in hands-on activities and labs that help students to gain a better 

understanding of underlying concepts, elucidate concepts and relationships, or develop inquiry-based experiments. 

 

 Students will apply their computational skills to interpret and represent data. 

 

 Students will be able to evaluate the merits of conceptual models and apply the appropriate models and relationships.  

 

 Students will be able to support scientific claims, provide evidence for those claims, and make conclusions based on qualitative 

and quantitative data. 

 

 Students will work collaboratively.  
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CHEMISTRY (H): Course Number 431 

Course Frequency:   Full year course  

Credits Offered: Five  

Prerequisites: Grade of B or better in Biology (H) and by teacher recommendation 

 

 

Background to the Curriculum 

This course is aligned with the MA Frameworks.  This course is long-established and has developed over time to align with the 

Guiding Principles and Educational Philosophy of the ABRHS Science Department. 

 

 

Core Topics/Questions/Concepts/Skills 

 Atomic structure and theory 

 Periodic table 

 Bonding 

 Naming and formula writing 

 Kinetics, Reactions and Stoichiometry 

 Gases 

 Thermochemistry 

 Solution chemistry 

 Equilibrium 

 Acids and bases 

 Electrochemistry  
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Course-End Learning Objectives 

 

Intro to Chemistry 

Students should be able to: 

 Define chemistry. 

 Identify different pieces of laboratory equipment and their functions. 

 Identify the different safety features of the classroom and the purpose of each feature. 

 Learn correct techniques working with chemicals. 

 Learn to make accurate measurements using a variety of measuring instruments. 

 Distinguish between intramolecular forces and intermolecular forces and give an example of each. 

 Distinguish between a physical and chemical change. 

 Be able to identify a reaction as chemical or physical. 

 List the indicators of a chemical change. 

 Perform a series of experiments and determine if the reaction is a chemical or physical change. 

 List the three states of matter and their characteristics. 

 Construct a chart showing the organization of matter and their characteristics. 

 Distinguish between homogeneous and heterogeneous mixtures. 

 Identify the processes to separate: a) homogeneous mixture and b) heterogeneous mixture. 

 Distinguish between an element and a compound. 

 Distinguish between an atom and a molecule. 

 Distinguish between a quantitative and qualitative observation. 

 Use the Metric System for mass, volume, length and temperature.  

 Explain the difference between fundamental and derived units. 

 Convert quantities within the metric system using dimensional analysis. 

 Convert very large or very small numbers into scientific notation and convert from scientific notation to standard numbers. 

 Record answers with the correct number of significant figures and determine the number of significant figures in a measurement. 

 Define density and determine the density of several objects. 

 Distinguish between precision and accuracy when making measurements. 
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Atomic Structure and Theory 

Students should be able to: 

 State (in their own words) and explain the Law of Conservation of Mass/Matter and use data to solve quantitative problems. 

 State (in their own words) and explain the Law of Definite Composition and use data to solve quantitative problems. 

 Express the amount of each element in a compound as a percent composition. 

 Use percent composition to determine the amount of each element in a compound or amount of compound from the amount of 

elements. 

 State (in their own words) and explain the Law of Multiple Proportions and solve problems using the law. 

 Explain Dalton’s Atomic Theory and describe the atom according to this theory. 

 Explain the design and conclusions of the Cathode Ray Tube and Thomson’s Experiment. 

 Describe the atom according to Thomson’s Atomic Model. 

 Explain the design and conclusions of the Rutherford Gold Foil Experiment. 

 Describe the atom according to Rutherford’s Atomic Model. 

 Identify common elements by their chemical symbol. 

 Identify the symbol of an element from its name. 

 Identify the parts of the atom and their charge. 

 Identify the subatomic particles and the scientist who actually contributed to the discovery. 

 Using the periodic table, identify the relevant atomic information for each element. 

 Identify an element given the number of protons. 

 Determine the number of protons, neutrons, electrons, atomic number and/or mass number for an atom or ion using given 

information. 

 Distinguish between atomic number and mass number. 

 Define the term ion and explain how an ion differs from an atom. 

 Distinguish between a cation and an anion. 

 Identify trends on the periodic table in terms of what ion an element will form. 

 Define the term isotope and explain how isotopes of the same element are different. 

 Calculate a weighted average and explain what a weighted atomic mass represents. 

 Define and compute atomic mass, molecular mass/formula mass, and molar mass. 
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 Define the mole and state Avogadro’s Number. 

 Convert grams of a substance to moles, moles to particles, and grams to particles. 

 Experimentally determine the average atomic mass of a hypothetical element. 

 Describe how light behaves as a wave. 

 Describe the characteristics (wavelength, frequency and amplitude) and the properties of light (refraction and diffraction and 

interference). 

 Describe the double slit experiment. 

 Calculate the wavelength and frequency of a particular wave. 

 Calculate the energy associated with a particular wavelength of light. 

 Describe the Electromagnetic Radiation Spectrum. 

 Compare the wavelength, frequency and energy on electromagnetic radiation spectrum. 

 Know the range for visible light and the range of radio waves vs. gamma rays. 

 Explain the quantization of energy and Max Planck’s contribution to the atomic model.  

 Know the speed of light and Planck’s constant. 

 Describe Line Spectra and the Photoelectric Effect. 

 Distinguish between the photoelectric effect and spectral line. 

 Explain photons and the duality of light.  

 Describe Bohr’s Model and define atomic orbits. 

 Draw Bohr Model Diagrams for elements. 

 Distinguish between ground state and excited state, absorption and emission of energy/photons. 

 Explain the problems with the Bohr model, including De Broglie and Heisenberg. Calculate wavelength, mass or velocity using 

the deBroglie Formula. 

 Describe the duality of Matter. 

 Explain the contribution of each scientist to the evolution of the model of the atom. 

 Explain Schrodinger’s Quantum Mechanical Model of the Atom using the following terms:  atomic orbital, electron density map, 

probability, energy sublevel, and energy level. 

 Define the quantum numbers and understand their correlation to the electronic structure of the atoms. 

 Indicate where the electrons are likely to be found within the atom using the following rules: Aufbau Principle, Pauli Exclusion 

Principle, and Hund’s Rule. 

 Determine the number of valence electrons each element has. 
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 Fill in Orbital energy diagrams for given elements. 

 Write the electron configuration for elements (including the shorthand/noble gas-like notation). 

 Predict the ionic charge of an atom and write electron configurations of ions. 

 Define paramagnetic and diamagnetic elements based on electron configuration. 

 Identify electron configurations of excited states. 

 

Periodic Table 

Students should be able to: 

 Use the periodic table to describe the trend for the number of valence electrons within a group and predict the ions that main group 

elements form. 

 List the properties of metals, nonmetals and metalloid. 

 Label the names of each of the main groups and list their properties.  

 Number the groups and periods. 

 Explain how the Periodic Table evolved using the ideas of Dobereiner and Newland.   

 Explain how Mendeleev created the first accepted Periodic Table arranged by atomic mass. 

 Explain Mendeleev’s inversions. 

 Explain how Mendeleev accurately predicted undiscovered elements and their properties based on gaps in his table. 

 Explain how the current Periodic Table is arranged by atomic number.  

 Explain the Periodic Law and how it reflected on the Periodic Table.  

 Identify an element based on its group number and period.  

 Using the valence electron trend, predict how many valence electrons an element contains.  

 Describe and explain the atomic radius trend. 

 Describe and explain the ion radius trends. 

 Describe and explain the ionization energy trend. 

 Explain how the change in 1
st
, 2

nd
, 3

rd
…ionization energy changes for a specific element based on the location of the electrons in 

the atom. 

 Predict the likely ionic charge on an atom and how many valence electrons the atom contains using the atom’s 1
st
, 2

nd
, 

3
rd

…ionization energy  

 Describe and explain the electronegativity trend. 
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 Describe and explain the electron affinity trend. 

 Compare elements to one another based on a specific trend: atomic radius, ion size, ionization energy (1
st
, 2

nd
, 3

rd
), 

electronegativity and electron affinity. 

 Locate and name most reactive metal and non-metal on Periodic Table. 

 Know the uses of the most common elements. 

 

Bonding 

Students should be able to: 

 Identify the number of valence electrons for any atom. 

 Draw Lewis Dot Structures for the valence electrons for any neutral element and/or ion.  

 Define the octet rule and understand its outcome and significance in chemical bonding. 

 Understand the exceptions to the octet rule. 

 Define ionic bond and understand the electron transfer involved in this type of bonding. 

 Explain and describe how an ionic bond will form between two elements showing all steps in the transfer of electrons.  

 Predict the chemical formula for ionic substances based on ion charges and the ratio of the ions.  

 Identify and explain properties of ionic substances. 

 Define covalent bond and understand that it involves the sharing of electrons. 

 Draw Lewis dot structures for covalent molecules. 

 Predict the presence of double or triple bonds. 

 Predict the presence of coordinate covalent bonds. 

 Draw Lewis dot structures for multicenter covalent/molecular molecules. 

 Draw Lewis dot structures for polyatomic ions. 

 Define VSEPR theory and use it to predict the geometry around the central atom, molecular shape, and bond angles of molecules. 

 Draw three dimensional models of molecular shapes. 

 Explain bond polarity and determine polarity using electronegativity chart. 

 Predict polarity of molecules using bond polarity and molecular shape. 

 Identify and explain the properties of covalent and network covalent substances. 

 Describe metallic bonding and properties of metals. 

 Explain London dispersion, dipole-dipole, and hydrogen bonding forces and their relative strength. 
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 Predict which intermolecular force exists between molecules. 

 Predict relative vapor pressure, boiling point, viscosity and surface tension based on intermolecular force. 

 

Naming, Formula Writing 

Students should be able to: 

 Write chemical formulas for ionic substances using valence electrons/ion charges. 

 Name ionic substances including roman numerals for ion charge when necessary. 

 Write chemical formulas for covalent substances based on the name. 

 Name covalent substances based on the formula using correct prefixes when appropriate. 

 Write chemical formulas for acids based on the name. 

 Name acids based on the formula (using -ic and -ous correctly). 

 Identify and write the formula for the seven common diatomic elements. 

 Write chemical formulas for hydrates based on the name. 

 Name hydrates based on the formula. 

 Define percent composition from mass data and molecular formula. 

 Define empirical formula. 

 Calculate the empirical formula of a substance using the mass or percent of each constituent element. 

 Define molecular formula. 

 Calculate molecular formula with empirical formula and molar mass. 

 Compare and contrast the properties of gases compared to the liquid and solid state. 

 

Kinetics, Reactions and Stoichiometry 

Students should be able to: 

 Name and write the chemical formula of reactants and products in a chemical equation. 

 State the conservation of mass. 

 Apply the conservation of mass to determine the amount of products or reactants involved in given reaction. 

 Name the seven common diatomic elements.  

 Balance chemical equations by using coefficients. 
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 Explain the meaning of coefficients. 

 Identify the symbols for the natural states of reactants and products. 

 Write the chemical formula equations from word equations. 

 Write word equations from balanced chemical equations.  

 Identify and define the five reaction types; synthesis, decomposition, combustion, single replacement, and double replacement. 

 Identify synthesis reactions and be able to predict products. 

 Identify decomposition reactions and be able to predict products (including carbonates, chlorates, oxides, acids and bases). 

 Identify combustion reactions and predict products. 

 Identify single replacement reactions, predict if they will occur using activity series, and predict products. 

 Identify double replacement reactions and predict products. 

 Identify driving force that makes double reaction occur (water, gas or solid forms). 

 Use solubility rules to predict what and if a solid forms. 

 Predict and write the chemical formulas of products from given reactants. 

 Explain and compare the rates of reactions based on the factors which affect reaction rates. 

 Explain the collision theory.  

 Define mole ratios. 

 Write mole ratios from balanced equations. 

 Perform stoichiometric calculations:  

o Mole to mole calculations and vice versa.  

o Mole to mass calculations and vice versa. 

o Mass to particles calculations and vice versa.  

 Define actual yield, theoretical yield, and percent yield. 

 Calculate percent yield, theoretical yield, or actual yield from given data. 

 Perform stoichiometric calculations with percent yield. 

 Define limiting reactant-reagent, reactant in excess. 

 Calculate the amount of limiting reactant by performing stoichiometric calculations.  

 Calculate the leftover amount of the reactant in excess by performing stoichiometric calculations.  
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Gases 

Students should be able to: 

 Explain the general characteristic of gases. 

 Define the variables used to describe a gas; pressure, volume, temperature, amount of substance. 

 Identify the units used for each variable used to describe a gas.  

 Define pressure and convert from one pressure unit to another. 

 Define atmospheric pressure. 

 Explain the relationship between atmospheric pressure and altitude. 

 Explain the use of a barometer and how it works.  

 Identify and explain the relationship between variables, graphically and qualitatively using the basic gas laws: Boyle’s Law, 

Charles’ Law, Gay-Lussac’s Law. 

 Apply and solve gas law problems using the basic Gas Law equations. 

 Define absolute zero and understand its significance. 

 State STP Conditions. 

 Explain the basic gas laws at a molecular level regarding gas particles and collisions. 

 Define and apply General or Combined Gas Law to calculation problems. 

 Define Avogadro’s Law. 

 Define Molar Volume. 

 Define and apply Dalton’s Law of Partial Pressures. 

 Define and apply Ideal Gas Law to calculate an unknown variable. 

 Explain the behavior of gases using the kinetic molecular theory, KMT. 

 Compare and contrast ideal gases vs. real gases. 

 Identify the conditions where real gases behave like ideal gases. 

 Perform stoichiometric calculations with gases. 

 Write alternative expressions of the ideal gas law. 

 Calculate molar mass of a gas using the Ideal Gas Law equation. 

 Define mole fraction.  

 Perform calculations to find pressure of a gas using collection of a gas over mercury and water data. 

 Perform calculations to find identity of a gas using collection of a gas over mercury and water data. 
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 Define temperature versus heat. 

 Define boiling. 

 

Thermochemistry 

Students should be able to: 

 Explain exothermic vs. endothermic reactions and draw the energy diagrams for both types of reactions. 

 Define enthalpy (H) and the differences between a system and the surroundings. 

 Solve calorimetry problems. 

 Solve Hess’s law problems. 

 Use stoichiometry to calculate for the heat absorbed or released in a reaction. 

 Define and calculate for the molar heat capacity. 

 Explain the phase changes of matter. 

 Draw and analyze a heat or cooling curve. 

 Calculate the amount of heat absorbed or released in a chemical reaction. 

 Explain a triple point diagram and label all parts of the diagram. 

 Compare and contrast colloid, solution, suspension. 

 

Solutions 

Students should be able to: 

 Define and apply solution vocabulary. 

 Explain the process of solvation and dissociation.  

 Define solubility and express solubility of a solute using solubility graph. 

 Explain ways of increasing the rate of dissolving and why. 

 Explain factors that affect solubility of a solute (solid or gas) in a solvent. 

 Interpret a solubility curve. 

 Define and explain if a solution is saturated, unsaturated and supersaturated from descriptors or graph.  

 Determine if a compound is a strong, weak or non-electrolyte.  (Review polyatomic ions!) 

 Write the molecular equation, complete ionic equation, net ionic equation and spectator ions for a chemical reaction. 
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 Explain the molarity of a solution and how to prepare a solution. 

 Explain the process of dilution and calculate to prepare diluted solutions.  

 Use the molarity equation to solve for an unknown variable.  

 Find an unknown value for a chemical reaction using stoichiometry and/or percent yield.  

 Use the molality equation to solve for an unknown variable.  

 Calculate the concentration of a solution as an express of percent by mass, percent by volume, and as percent expressed as mass/ 

volume.  

 Express the concentration of a solution as a mole fraction in terms of solute and solvent.  

 Explain how a solvent’s vapor pressure, boiling point and freezing point are affected by adding a solute to the solvent. 

 Use the boiling point elevation or freezing point depression equation to solve for an unknown variable and using the van’t Hoff 

factor. 

 

Equilibrium 

Students should be able to: 

 Explain what it means for a chemical reaction to be at equilibrium. 

 Explain the conditions necessary for a reaction to be at equilibrium.  

 Write the equilibrium expression for a reversible reaction. 

 Calculate the equilibrium constant using concentrations at equilibrium.  

 Explain what the value of the equilibrium constant means in terms of concentration of reactants versus products.  

 Determine the direction in which the reaction will proceed to reach equilibrium if the conditions are not at equilibrium (reaction 

quotient, Q value) and explain why this direction causes reaction to reach equilibrium. 

 Use the RICE chart to determine the equilibrium constant for conditions that do not start at equilibrium or find an unknown 

concentration of a reactant or product. 

 Use LeChatelier’s Principle to determine the direction in which a reaction will proceed to reach equilibrium when a stress; i.e. 

change in concentration, temperature or pressure, is put on a reaction at equilibrium. 

 Write and solve Ksp expressions for slightly soluble salts. 

 For the reactions that are not known to be at equilibrium, write and solve the solubility ion product (Qsp) expressions. 

 Explain the common ion effect and solve for changes in equilibrium related to the addition of a common ion. 

 Determine if a compound is a strong, weak or non-electrolyte.  (Review polyatomic ions!) 

 Write the molecular equation, complete ionic equation, net ionic equation and spectator ions for a chemical reaction. 
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Acids and Bases 

Students should be able to: 

 Distinguish between an acid, base and salt using their experimental properties and chemical formulas. 

 Name acids, bases and salts. 

 Define an electrolyte and explain the difference between a strong, weak or nonelectrolyte. 

 Determine if a salt is acidic, basic or neutral.  

 Define salt hydrolysis and neutralization equations.  

 Write the complete and net ionic equation for salt hydrolysis. 

 Define Arrhenius acid and base and write the ionization equation based on the definition.  

 Write the ionization equation based on the definition of an Arrhenius acid or base and represent the composition of the solution. 

 Define Bronsted-Lowry acid and base, conjugate-acid, conjugate-base and conjugate acid base pairs and represent the composition 

of the solution. 

 Explain why Bronsted-Lowry definition is more encompassing. 

 Label Bronsted-Lowry acid, base, conjugate-acid, conjugate-base and determine conjugate acid base pairs.  

 Define the Lewis acids and bases and identify how they act based on the definition. 

 Write the general equation for the ionization of a strong acid or base in water.  

 Write the general Ka expression for the ionization of a weak acid in water. 

 Write the general Kb expression for the ionization of a weak base in water. 

 Determine or compare the relative strength of weak acid or base based on Ka and Kb value.  

 Identify and determine the ionization of polyprotic acids and preform Ka calculations of the acids.  

 Calculate the Ka or Kb value using given concentrations at equilibrium.  

 Determine the concentration of an unknown substance using Ka or Kb expression and Ka or Kb value using values at equilibrium 

or using the ICE/RICE chart for concentrations not at equilibrium.  

 Define amphoteric substances and autoionization of water, including the balanced equation.  

 Calculate [H3O
+1

] or [OH
-1

] using Kw expression and determine if solution is acidic, basic or neutral. 

 Calculate [H3O
+1

], [OH
-1

], pH and/or pOH from given information or molarity of an acid or base (strong or weak) and determine if 

solution is acidic, basic or neutral. 

 Explain what it means for a solution to be acidic, basic or neutral regarding the pH values. 

 Write the neutralization reaction for a specific acid and base reaction. 

 Use stoichiometry to calculate the unknown concentration or volume of a reactant using given information.  
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 Explain how a titration works using appropriate terminology.  

 Perform a titration to determine the unknown concentration of a reactant.  

 Analyze a titration curve to determine strength of acid and base and identify key information about titration. 

 Define buffer and buffering capacity. 

 Explain how a buffer works.  

 Explain how an indicator works.  

 

Electrochemistry 

Students should be able to: 

 Define oxidation, reduction, oxidation-reduction reaction, oxidizing agent, and reducing agent. 

 Assign oxidation numbers to a compound or element.  

 Determine what element is being oxidized and reduced in a balanced chemical equation. 

 Determine which species is the oxidizing agent and reducing agent. 

 Determine how many total electrons are being transferred during the reaction.  

 Write a half reaction for species being oxidized and species being reduced.  

 Write a balanced half reaction for species being oxidized and species being reduced. 

 Define an electrochemical cell.  

 Identify the anode, cathode, identity of the anode and cathode, solution in each beaker, direction of electron flow, movement of 

ions at the anode and cathode, site of oxidation, site of reduction, charge on anode and cathode, and direction of charge movement 

through the salt bridge.  

 Explain how and why the mass of the electrodes change.  

 Determine which element or species is oxidized and which is reduced using the Standard Reduction Potential Table.  

 Determine which element or species is the strongest oxidizing agent and which is the strongest reducing agent using the Standard 

Reduction Potential Table.  

 Identify the reference half reaction.  

 Determine the cell potential for a specific voltaic cell using the Standard Reduction Potential Table. 

 Write the half reactions for a voltaic cell using the Standard Reduction Potential Table. 

 Define an electrolytic cell. 

 Explain the three major differences between a voltaic and electrolytic cell.  
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 Explain electroplating, electrolysis of molten salt, and electrolysis of water.  

 Write the half reactions for an electrolytic cell using the Standard Reduction Potential Table. 

 

 

Assessment 

Student learning will be measured through a variety of assessments, including but not limited to, tests, quizzes, and lab work 

[including lab practicals]. 

 

 

Materials and Resources 

Silberberg, M. (2007). Principles of General Chemistry. Boston [etc.]: McGraw-Hill. 

 


