
 

 

 

PreAP Chemistry Scope and Sequence   

 

Grading Period Unit Title Learning Targets 

Throughout the 

School Year 

Knowledge and skills. 

(1)  Scientific processes. The student, for at least 40% of instructional time, conducts laboratory and field investigations using 

safe, environmentally appropriate, and ethical practices. The student is expected to: 

(A)  demonstrate safe practices during laboratory and field investigations, including the appropriate use of safety showers, 

eyewash fountains, safety goggles, and fire extinguishers; 

(B)  know specific hazards of chemical substances such as flammability, corrosiveness, and radioactivity as summarized on the 

Material Safety Data Sheets (MSDS); and 

(C)  demonstrate an understanding of the use and conservation of resources and the proper disposal or recycling of materials. 

(2)  Scientific processes. The student uses scientific methods to solve investigative questions. The student is expected to: 

(A)  know the definition of science and understand that it has limitations, as specified in subsection (b)(2) of this section; 

(B)  know that scientific hypotheses are tentative and testable statements that must be capable of being supported or not supported 

by observational evidence. Hypotheses of durable explanatory power which have been tested over a wide variety of conditions 

are incorporated into theories; 

(C)  know that scientific theories are based on natural and physical phenomena and are capable of being tested by multiple 

independent researchers. Unlike hypotheses, scientific theories are well-established and highly-reliable explanations, but may be 

subject to change as new areas of science and new technologies are developed; 

(D)  distinguish between scientific hypotheses and scientific theories; 

(E)  plan and implement investigative procedures, including asking questions, formulating testable hypotheses, and selecting 

equipment and technology, including graphing calculators, computers and probes, sufficient scientific glassware such as beakers, 

Erlenmeyer flasks, pipettes, graduated cylinders, volumetric flasks, safety goggles, and burettes, electronic balances, and an 

adequate supply of consumable chemicals; 

(F)  collect data and make measurements with accuracy and precision; 

(G)  express and manipulate chemical quantities using scientific conventions and mathematical procedures, including 

dimensional analysis, scientific notation, and significant figures; 

(H)  organize, analyze, evaluate, make inferences, and predict trends from data; and 

(I)  communicate valid conclusions supported by the data through methods such as lab reports, labeled drawings, graphs, journals, 

summaries, oral reports, and technology-based reports. 

(3)  Scientific processes. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions 

within and outside the classroom. The student is expected to: 

(A)  in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, 

and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, 

so as to encourage critical thinking by the student; 



 

 

(B)  communicate and apply scientific information extracted from various sources such as current events, news reports, published 

journal articles, and marketing materials; 

(C)  draw inferences based on data related to promotional materials for products and services; 

(D)  evaluate the impact of research on scientific thought, society, and the environment; 

(E)  describe the connection between chemistry and future careers; and 

(F)  research and describe the history of chemistry and contributions of scientists. 

(4)  Science concepts. The student knows the characteristics of matter and can analyze the relationships between chemical and 

physical changes and properties. The student is expected to: 

(A)  differentiate between physical and chemical changes and properties; 

(B)  identify extensive and intensive properties; 

(C)  compare solids, liquids, and gases in terms of compressibility, structure, shape, and volume; and 

(D)  classify matter as pure substances or mixtures through investigation of their properties. 

(5)  Science concepts. The student understands the historical development of the Periodic Table and can apply its predictive 

power. The student is expected to: 

(A)  explain the use of chemical and physical properties in the historical development of the Periodic Table; 

(B)  use the Periodic Table to identify and explain the properties of chemical families, including alkali metals, alkaline earth 

metals, halogens, noble gases, and transition metals; and 

(C)  use the Periodic Table to identify and explain periodic trends, including atomic and ionic radii, electronegativity, and 

ionization energy. 

(6)  Science concepts. The student knows and understands the historical development of atomic theory. The student is expected 

to: 

(A)  understand the experimental design and conclusions used in the development of modern atomic theory, including Dalton's 

Postulates, Thomson's discovery of electron properties, Rutherford's nuclear atom, and Bohr's nuclear atom; 

(B)  understand the electromagnetic spectrum and the mathematical relationships between energy, frequency, and wavelength of 

light; 

(C)  calculate the wavelength, frequency, and energy of light using Planck's constant and the speed of light; 

(D)  use isotopic composition to calculate average atomic mass of an element; and 

(E)  express the arrangement of electrons in atoms through electron configurations and Lewis valence electron dot structures. 

(7)  Science concepts. The student knows how atoms form ionic, metallic, and covalent bonds. The student is expected to: 

(A)  name ionic compounds containing main group or transition metals, covalent compounds, acids, and bases, using 

International Union of Pure and Applied Chemistry (IUPAC) nomenclature rules; 

(B)  write the chemical formulas of common polyatomic ions, ionic compounds containing main group or transition metals, 

covalent compounds, acids, and bases; 

(C)  construct electron dot formulas to illustrate ionic and covalent bonds; 

(D)  describe the nature of metallic bonding and apply the theory to explain metallic properties such as thermal and electrical 

conductivity, malleability, and ductility; and 

(E)  predict molecular structure for molecules with linear, trigonal planar, or tetrahedral electron pair geometries using Valence 

Shell Electron Pair Repulsion (VSEPR) theory. 

(8)  Science concepts. The student can quantify the changes that occur during chemical reactions. The student is expected to: 

(A)  define and use the concept of a mole; 

(B)  use the mole concept to calculate the number of atoms, ions, or molecules in a sample of material; 

(C)  calculate percent composition and empirical and molecular formulas; 

(D)  use the law of conservation of mass to write and balance chemical equations; and 

(E)  perform stoichiometric calculations, including determination of mass relationships between reactants and products, 

calculation of limiting reagents, and percent yield. 

(9)  Science concepts. The student understands the principles of ideal gas behavior, kinetic molecular theory, and the conditions 

that influence the behavior of gases. The student is expected to: 



 

 

(A)  describe and calculate the relations between volume, pressure, number of moles, and temperature for an ideal gas as 

described by Boyle's law, Charles' law, Avogadro's law, Dalton's law of partial pressure, and the ideal gas law; 

(B)  perform stoichiometric calculations, including determination of mass and volume relationships between reactants and 

products for reactions involving gases; and 

(C)  describe the postulates of kinetic molecular theory. 

(10)  Science concepts. The student understands and can apply the factors that influence the behavior of solutions. The student is 

expected to: 

(A)  describe the unique role of water in chemical and biological systems; 

(B)  develop and use general rules regarding solubility through investigations with aqueous solutions; 

(C)  calculate the concentration of solutions in units of molarity; 

(D)  use molarity to calculate the dilutions of solutions; 

(E)  distinguish between types of solutions such as electrolytes and nonelectrolytes and unsaturated, saturated, and supersaturated 

solutions; 

(F)  investigate factors that influence solubilities and rates of dissolution such as temperature, agitation, and surface area; 

(G)  define acids and bases and distinguish between Arrhenius and Bronsted-Lowry definitions and predict products in acid base 

reactions that form water; 

(H)  understand and differentiate among acid-base reactions, precipitation reactions, and oxidation-reduction reactions; 

(I)  define pH and use the hydrogen or hydroxide ion concentrations to calculate the pH of a solution; and 

(J)  distinguish between degrees of dissociation for strong and weak acids and bases. 

(11)  Science concepts. The student understands the energy changes that occur in chemical reactions. The student is expected to: 

(A)  understand energy and its forms, including kinetic, potential, chemical, and thermal energies; 

(B)  understand the law of conservation of energy and the processes of heat transfer; 

(C)  use thermochemical equations to calculate energy changes that occur in chemical reactions and classify reactions as 

exothermic or endothermic; 

(D)  perform calculations involving heat, mass, temperature change, and specific heat; and 

(E)  use calorimetry to calculate the heat of a chemical process. 

(12)  Science concepts. The student understands the basic processes of nuclear chemistry. The student is expected to: 

(A)  describe the characteristics of alpha, beta, and gamma radiation; 

(B)  describe radioactive decay process in terms of balanced nuclear equations; and 

(C)  compare fission and fusion reactions. 

 

 

First Grading 

Period 

Math and 

Measurement 

MEASUREMENTS AND METRIC PREFIXES, EXPONENTIAL (SCIENTIFIC) 
NOTATION, SIGNIFICANT FIGURES (DIGITS) 

 Differentiate between quantities and numbers. 

 Recognize the meaning of base SI units, including abbreviations and the 
quantities these units describe. 

 Understand the difference between accuracy versus precision. 

 Convert a number written in conventional decimal form to exponential 
notation: convert a number written in exponential notation to conventional 
decimal form. 

 Add, subtract, multiply, and divide numbers expressed in exponential 
notation. 

 Count the number of significant figures in a given quantity. 

 Measure using the correct number of significant figures  

 Round off a given quantity to a specified number of significant figures. 



 

 

 Add, subtract, multiply, and divide given quantities and express the result in 
the proper number of significant figures. 

DIMENSIONAL ANALYSIS 

 Identify the starting and wanted quantities in the statement of a problem.  
Beginning with the starting quantity, set up and solve the problem by the 
dimensional analysis method. 

 Given a mass, length, or volume measurement in any metric unit, convert 
that quantity to any other metric unit. 

 Given a mass, length, or volume measurement in any metric or English unit, 
and an English-metric conversion table, convert to any other English or 
metric unit.   

 Convert units using the dimensional analysis method for measurements that 
contain two units, such as speed or density. 

 Given any squared or cubed measurement, convert to any other squared or 
cubed unit. 

DENSITY, GRAPHING 

 Given two of the following, calculate the third; a) mass of a sample of a 
substance; b) volume occupied by that sample; and c) density of the 
substance. 

 Given a set of data showing the relationship between two variables, plot a 
graph of those data. 

 Given a graph showing how one variable changes with respect to another 
variable, and given the value of either variable, read the value of the other 
variable from the graph. 

 Given a straight-line graph, calculate the slope of the line.  Identify its units 
and their physical significance, if any. 

 Given a straight-line graph, write the equation for the relationship between 
the variables. 

 Given the actual value of a measurement achieved in lab and the theoretical 
value, calculate the percent error. 

Classification of 

Matter 

CLASSIFYING MATTER  

 Classify an example of matter as an element, compound or mixture (hetero 
and homo). 

 Describe and distinguish between the properties of elements, compounds, 
and mixtures 

 List physical techniques used to separate mixtures. 

 Given diagrams of matter on an atomic level, classify matter according to a) 
phase; b) homogeneous mixture, heterogeneous mixture, or pure substance; 
and c) element or compound. 

 Compare and contrast the physical properties of gases, liquids, and solids at 
the atomic level. 

PHYSICAL AND CHEMICAL PROPERTIES AND CHANGES 

 Classify changes in matter as physical or chemical changes. 

 Distinguish among extensive, intensive, physical and chemical properties. 

 Distinguish between physical and chemical changes at the molecular level. 



 

 

 Interpret a phase diagram for a compound 
INTRODUCTION TO THE PERIODIC TABLE 

 Give the group and period numbers for each common element. 

 Identify any common element given its group and period number. 

 Find and identify the members of the alkali metals, alkaline earth metals, 
chalcogens, halogens, and noble gases. 

 Classify an element as a metal, nonmetal, or metalloid. 

 Recognize that elements within the same group have similar chemical 
properties 

Atomic Structure ATOMIC STRUCTURE 

 For the electron, proton, and neutron, state the symbol, charge, relative 
mass, and location within the atom 

 Define and correctly use the terms atomic number, mass number, isotope, 
atomic mass, and atomic mass unit. 

 Given the isotopic symbol for an element or ion, state the number of protons, 
electrons, and neutrons. 

 Write the isotopic symbol for any common element or ion given is atomic and 
mass number, or information from which they may be obtained. 

AVERAGE ATOMIC MASS 

 Given the relative mass and percentage abundance of the isotope of an 
element, calculate the average atomic mass. 

 Given the average atomic mass of an element and the relative mass and 
percentage abundance of all the isotopes except one, calculate the relative 
mass and percentage abundance of the missing isotope. 

ATOMIC THEORY/ ELEMENTS 

 Discuss early developments in atomic theory development (Democritus, 
Dalton, Thomson, Rutherford, Milikan.) 

 For each common element, given the symbol, write the name, and vice versa 

 Know the natural states of the common elements 
LIGHT EQUATIONS 

 Calculate frequency () and wavelength () of a wave given the other and 
the speed of light 

 Calculate the energy (E) or frequency () of light given the other and 
Planck’s constant (h). 

 State the bands of electromagnetic spectrum, including the visible colors, in 
order of wavelength, frequency, and energy. 

 Understand the origin of a bright line (emission) spectrum. 

 Use DeBroglie’s hypothesis to discuss the relationship between the mass, 
velocity, and wavelength of a moving particle. 

 Use Rydberg’s equation to calculate the energy of light that results from an 
electron changing energy levels (emission or absorption) in a hydrogen 
atom. 

 Combine calculations of energy, frequency, and wavelength within Rydberg 
problems. 



 

 

 Understand the correlation between the distance that an electron drops in a 
hydrogen atom relative to energy of light emitted.  

 Electrons in Atoms ORBITAL DIAGRAMS 

 State the number of sublevels, orbitals, and electrons that can occupy any 
given energy level of an atom 

 Draw the ground state orbital notation of the electrons in an atom. 

 Apply the Aubau principle, Hunds’ rule, and the Pauli exclusion principle to 
determine if an orbital diagram depicts a ground state, excited state, or 
impossible electron configuration. 

 Use electron configurations to predict which metal ions would produce 
colored solutions. 

 Use electron configurations to differentiate between diamagnetic and 
paramagnetic elements. 

ELECTRON CONFIGURATIONS 

 Write the electron configuration of element based on its location in the 
Periodic Table. 

 Write the noble gas shorthand form of the electron configuration for an 
element. 

 Determine the number of valence electrons, occupied energy levels, 
sublevels, and orbitals in an atom form its electron configuration. 

 Draw the Lewis dot structure for an element 

 Write the noble gas shorthand form of the electron configuration for transition 
metals with exceptions.  

 Write the electron configuration of an ion. 
ASSIGNING QUANTUM NUMBERS 

 Give the allowed values for each quantum number. 

 State what information is provided by each of the four quantum numbers. 

 Describe the shape of the first four allowed orbitals. 

 Give the possible n, l, m, and ms values for any electron in the ground state 
of an atom. 

 Identify the element when given the values of n, l, m, and ms for the highest 
energy electron in that atom. 

 Periodic Trends OXIDATION STATE, METAL – NONMETAL-METALLOID PROPERTIES, ATOMIC 
AND IONIC SIZE 

 Use examples to explain the periodic properties of elements and their 
oxidation numbers 

 Summarize properties of metals, nonmetals, and metalloids 

 Predict relative reactivity and metallic character based on location in the 
Periodic Table 

 Demonstrate how atomic and ionic sizes change in groups and periods and 
explain why this happens. 

 Compare the size of an atom to the size of its ion and give reasons for the 
difference. 



 

 

IONIZATION ENERGY, ELECTRONEGATIVITY 

 Define ionization energy and the factors which affect these properties. 

 Use multiple ionization energies to predict oxidation numbers of elements. 

 Explain exceptions to trends in ionization energies 

 Define electronegativity and the factors which affect these properties. 

 Determine whether electrons will be transferred, shared unequally or shared 
equally, based upon two elements location on the periodic table. 

Second Grading 

Period 

Bonding CHEMICAL BONDS, IONIC/COVALENT/METALLIC PROPERTIES  

 Define chemical bond and determine why elements undergo bonding 

 Be able to differentiate between the formation of ionic, polar covalent, 
nonpolar covalent, and metallic bonds 

 Predict whether the bonding will be primarily ionic, nonpolar covalent, or 
polar covalent using location on periodic table. 

 State the characteristic properties of ionic compounds 

 State the characteristic properties of covalent compounds 

 State the characteristic properties of metallic bonding 
LEWIS DOT FORMULAS AND RESONANCE 

 Show the electron transfer process for ionic bonding using Lewis dot 
structures for atoms 

 Write Lewis dot formulas for covalent molecules and polyatomic ions 

 Recognize exceptions to the octet rule (H,  B, and expanded valence) 

 Recognize molecules which undergo resonance and write resonance 
structures for such molecules 

Molecular Geometry BONDED PAIRS AND LONE PAIRS, USING VSEPR TO DETERMINE MOLECULAR 
STRUCTURE 

 Continue to be able to draw Lewis dot structures of molecules and 
polyatomic ions 

 Determine the number of areas of electron density and the number of lone 
pairs of electrons on the central atom of a molecule. 

 Use VSEPR theory to predict electronic geometry of polyatomic ions and 
molecules 

 Use VSEPR theory to predict molecular geometry of polyatomic ions and 
molecules 

 Predict whether a molecule is polar or nonpolar based on molecular structure 

 Use VSEPR theory to predict bond angles of polyatomic ions and molecules 
INTERMOLECULAR FORCES, TYPES OF SOLIDS 

 Describe the three types of intermolecular forces (London dispersion forces, 
dipole-dipole interactions, and H-bonding) and where they are found 

 Use properties such as conductivity, melting point, boiling point, and 
solubility in water to determine if a substance is ionic, molecular covalent, 
network covalent, or metallic 



 

 

Nomenclature BASIC ORGANIC CHEMISTRY, CARBON FUNCTIONAL GROUPS  

 Recognize, name, give empirical formulas, and draw structural formulas for 
simple organic compounds (alkanes, alkenes, alkynes, and cyclic) 

 Identify the functional group from the formula or structure of simple organic 
compounds. 

CHEMICAL NOMENCLATURE 

 Given the name (or formula) of a compound formed by two nonmetals, write 
its formula (or name). 

 Given the name (or formula) of any ionic compound made up of any 
representative cation and any anion specified. 

 Know the oxidation numbers for common metals with more than one ionic 
charge; write the formula (or name) of the compound, using the stock 
system. 

 Given the name (or formula) of any binary or ternary acid, write the formula 
(or name) of the acid. 

 Mole Calculations PERCENT COMPOSITION CALCULATIONS 

 Calculate the percentage composition of a compound from its formula and 
from experimental data regarding its composition 

 Calculate the mass of a single element present in a given mass of a 
compound. 

BASIC MOLE CALCULATIONS 

 Calculate the molar mass of a compound from its formula. 

 Given the number of grams (or moles) of a substance whose formula is 
known, calculate the number of moles (or grams). 

 Given the mass or number of moles of a substance and its chemical formula, 
calculate the number of atoms, molecules, or ions in the sample; given the 
number of atoms, molecules, or ions in the sample of a substance and its 
formula, calculate the mass or the number of moles in the sample. 

MOLARITY 

 Given two of the following, calculate the third: a) moles of solute, or mass of 
a known solute; b) mass of solvent; c) molarity 

EMPIRICAL, MOLECULAR AND HYDRATE FORMULAS 

 Given information from which the number of grams of each element in a 
sample of a compound can be determined, find the empirical formula of the 
compound. 

 Given the mass of a hydrated sample and its anhydrous mass, calculate the 
formula of a hydrate. 

 Given the molar mass of an unknown compound and information from which 
its empirical formula can be found, write the molecular formula of that 
compound 

 Given the name (or formula) of a hydrate, be able to write the formula (or 
name). 

 Chemical Reactions (The following targets are tested in the second semester, but started in the first 
semester) 



 

 

Third Grading  

Period 

Chemical Reactions BALANCING CHEMICAL EQUATIONS   

 For each common polyatomic ion, given the name, write the formula with 
charge, and vice versa. 

 Recognize that balancing equations satisfies Law of Conservation of Mass 

 Write the balanced chemical equation when given information from which 
you can write the formulas for all reactant and all products. 

 Classify reactions as Synthesis, Decomposition, Combustion, Single 
Replacement or Double replacement. 

REACTION PREDICTION 

 Given reactants, identify the type of reaction expected and predict the 
products. 

 Using the Reaction Reference Sheet, predict the products in special case 
reactions 

NET IONIC EQUATIONS 

 Read and use the solubility rules, activity series, and the rules for 
determining if an acid is strong or weak 

 Given information from which you can write the conventional equation for 
one of the following types of reaction in aqueous solution, write the net ionic 
equations 

• Oxidation-Reduction reactions that are described by single replacement 
equations 

• Precipitation or dissolving reactions that are described by double 
replacement equations 

• Acid-Base reactions that are described by double replacement equations 

Stoichiometry BASIC STOICHIOMETRY 

 Given a chemical reaction for which the equation may be written and given 
the quantity of any substance in that equation, calculate the quantity of any 
other substance in the reaction.  Quantities may be in either moles, grams, 
kilojoules, liters (gases) or milliliters (solutions) 

PERCENT YIELD, LIMITING REACTANT/EXCESS REACTANT 

 Given two of the group a) theoretical yield, b) actual yield, or c) percentage 
yield, or information from which they may be obtained, calculate the third. 

 Given the equation for a reaction and quantities of any two reactants, identify 
the limiting reagent and calculate the theoretical yield of any of the products.  
Also calculate the quantity of the excess reagent left at the end of the 
reaction. 

Gas Laws KINETIC MOLECULAR THEORY & BEHAVIOR OF GASES 

 Explain gas behavior using the kinetic molecular theory 

 Apply Dalton's law of partial pressure to calculate the missing quantity when 
given the other; partial pressure of each gas in a mixture and the total 
pressure of the mixture. 

TWO AND THREE VARIABLE GAS LAW CALCULATIONS 

 Given both initial values of variables in Charles' Law, Boyle's Law, Gay-
Lussac's Law or Avogadro's law, and the final value of one variable, 
calculate the final value of the other variable. 



 

 

 Give the initial values of pressure, volume, temperature, and number of 
moles of a gas and final values of three of those variables, calculate the 
remaining final value using he combined gas laws. 

IDEAL GAS LAW 

 Given values for all but one of the variables in the ideal gas equation (P, V, 
n, T), calculate the value of the remaining variable. 

 Given the density of a gas at a particular pressure and temperature, or data 
from which the density may be determined, calculate the  molar mass of the 
gas; given the identity or molar mass of a gas, calculate it density at a 
specified temperature and pressure. 

 Given a chemical reaction for which an equation may be written and the 
quantity of any substance in the reaction, calculate the quantity of any other 
substance in the reaction.  Either quantity may be in volume of gas at a 
specified temperature and pressure or in grams. 

Solutions UNITS OF CONCENTRATION 

 Define the parts of a solution, including solute and solvent 

 Given two of the following, calculate the third: a) moles of solute or mass of a 
known solute; b) volume of solvent; c) molarity. 

 Given an three of the following, calculate the fourth:  a) initial molarity; b) final 
molarity; c) initial volume; d) final volume 

 Given two of the following, calculate the third:  a) mass of solute; b) mass of 
solvent or mass of solution (or density data from which mass of solution can 
found); c: percentage concentration. 

 Given two of the following, calculate the third:  a) moles of solute or mass of 
a known solute; b) moles of solvent or mass of a known solvent; c) mole 
fraction 

 Given two of the following, calculate the third:  a) moles of solute or mass of 
a known solute; b) mass of solvent; c) molality 

 Explain how and when Beer's Law can be used to find the unknown 
concentration of a solution. 

SOLUBILITY CURVES 

 Interpret solubility curves 

 Differentiate between saturated, unsaturated, and supersaturated solutions 

 Use knowledge of intermolecular forces to describe solute/solvent 
interactions and the resulting effects on solubility. 

COLLIGATIVE PROPERTIES 

 Define colligative properties and give three examples. 

 Given any two of the following, find the third:  a) the vapor pressure of the 
pure solvent; b) the mole fraction of the solute (or data from which it can be 
determined); c) the vapor pressure of the solution. 

 Given any four of the following, calculate the fifth:  a) the molal concentration 
of the solute; b) the freezing/boiling point of the solvent; c) the 
freezing/boiling of the solution; d) the molal freezing/boiling point constant for 
the solvent; e) van't Hoff factor (or information from which it can be 
determined). 



 

 

 Give a) the mass of solvent and solution ina solution;  b) the normal 
freezing/boiling point of the solvent;  c) the freezing/boiling point of the 
solution; and d) the molal freezing/boiling point constant of the solvent, find 
the approximate molar mass of the solute. 

 Electrochemistry REDOX REACTIONS 

 Given the chemical formula of a substance, state the oxidation number of 
each element in that formula. 

 Be able to recognize an oxidation-reduction (Redox) reaction 

 Distinguish between oxidation and reduction in terms of both electron gain or 
loss and change in oxidation number. 

 Given oxidation and reduction half-reaction equations, or information from 
which they may be written, write the net ionic equation for the redox reaction 
produced by combining them. 

 Given a net ionic equation, write the half-reaction equations and balance the 
reactions in both acidic and basic solutions. 

VOLTAIC CELLS 

 Calculate the electromotive force for a reaction, and determine whether it is 
spontaneous or nonspontaneous. 

 Describe the construction and functioning of voltaic cells. 

 Describe the movement of anions and cations and their reactions in voltaic 
cells. 

 Use the Nernst equation to calculate the voltage of a cell under nonstandard 
conditions. 

ELECTROLYTIC CELLS AND FARADAY'S LAWS 

 Describe the construction and functioning of electrolytic cells. 

 Describe the movement of anions and cations and their reactions in 
electrolytic  cells. 

 Use Faraday’s laws to calculate the amounts of substances reacting in 
electrolytic cells 

Fourth Grading 

Period 

Chemical Equilibrium GENERAL EQUILIBRIUM, LECHATELIER'S PRINCIPLE 

 Explain and apply the macroscopic and submicroscopic definitions of 
equilibrium 

 Given the reaction and phase notation, write an equilibrium constant 
expression 

 Given the value of an equilibrium constant determine if the forward 
reaction/products or the reverse reaction/reactants are favored.  

 State LeChatelier's Principle 

 From the equation of a reaction at equilibrium, given the concentration 
change (increase or decrease) of a reactant or product, or the directions of 
equilibrium shift (left or right), determine the other and determine the 
changes (increase or decrease) in all other concentrations.  

 From the equation for a reaction at equilibrium, given any two of the following 
determine the third:  a)the direction of the temperature change (increase or 



 

 

decrease); b) the sign of ΔH (exothermic or endothermic); c) the direction of 
equilibrium shift (left or right). 

 From the equation for a reaction at equilibrium, given the pressure or volume 
change, or the direction of equilibrium shift (left or right), determine the other. 

EQUILIBRIUM CALCULATIONS 

 Given the equilibrium concentration of all substances in a reversible reaction, 
calculate the equilibrium constant 

 Given the initial concentration of reactants and the equilibrium constant, 
calculate Q and determine whether the forward or reverse reaction will 
proceed. 

 Given the initial concentration of reactants or products and the equilibrium 
constant, calculate the concentrations of all species at equilibrium 

Acids and Bases ACIDS/BASES & REACTIONS 

 Distinguish between acids and bases using observable properties 

 Differentiate between strong acids and weak acids and between strong 
bases and weak bases 

 Identify and write balanced equations for acidic and basic anhydrides 

 Define acids and bases by applying both the Arrhenius and Bronsted-Lowry 
definitions 

 Identify the acid, base, conjugate acid or conjugate base in a reaction. 

 Write the neutralization reactions that occurs between and an acid and a 
base 

 Define and recognize amphoterism. 
pH AND ACID/BASE EQUILIBRIUM 

 Interpret the pH scale using the ion-product constant of water, Kw. 

 Given any one of the following calculate the others:  a) [H+] or the 
concentration of a strong acid; b) [OH-] or the concentration of a stong base; 
c) pH or d) pOH. 

 State the principles and used of indicators. 

 Compare the strengths of acids using the acid dissociation constant, Ka. 

 Given any two of the following three, calculate the third: a) Ka for a weak 
acid HA; the initial value of [HA]; c) [H+] or [A-] at equilibrium, or the pH of 
solution or the percentage dissociation. 

 Given any two of the following three, calculate the third: a) Kb for a weak 
weak base B; the initial value of [B]; c) [B+] or [OH-] at equilibrium, or the pH 
of solution or the percentage dissociation. 

 Given Ka, initial values of [HA] and [A-] or information from they can be 
calculated, use the common ion effect to determine the pH of the buffer 
solution. 

SALT HYDROLYSIS, TITRATION 

 Determine the relative pH of a salt based upon the parent acid and base. 

 Define titration. 



 

 

 Given any three of the following four for a known reactions, calculate the 
fourth: a) volume of standard solution; b) molarity of standard solutions; c) 
volume of unknown solution; and d) molarity of unknown solution 

Thermochemistry HEAT TRANSFER  

 Given three of the following, calculate the fourth:  a) mass of a sample; b) 
temperature change or initial and final temperatures; c) specific heat; d) heat 
change of the sample  

 Given the mass, specific heat, and initial temperature of both a hot object 
and cold object, calculate the final temperature when heat flow between the 
two objects reaches equilibrium. 

 Given two of the following, calculate the third:  a) mass of a sample that 
changes phase; b) heat of fusion or heat of vaporization, c) heat change of 
the sample 

 Given the mass of a sample, and its initial and final phases and 
temperatures, and the necessary specific heats, heats of fusion and heats of 
vaporization, calculate the heat change as the sample changes from the 
initial condition to the final condition. 

ENTHALPY, ENTROPY 

 Identify reactions as exothermic or endothermic 

 Given ∆H for two or more reactions whose equations may be added to 
produce a new equation, calculate ∆H for the new equation. 

 Given the heat of formation for each substance in reaction, calculate ∆H for 
the reaction. 

 Describe and give examples of changes in entropy. 

 Given individual entropies of each substance in a chemical equation; 
calculate ∆S for the reaction. 

GIBBS FREE ENERGY 

 Define Gibbs free energy. 

 Given free energies of each substance in a chemical equation, calculate ∆G 
for the reaction. 

 Calculate Gibbs free energy at nonstandard temperatures. 

 Relate Gibbs free energy to the spontaneity of reactions and to equilibrium. 

 Perform calculations involving Gibbs free energy and entropy, equilibrium 
constants, or cell voltage. 

 Kinetics and Nuclear GENERAL KINETICS, REACTION PATHWAY 

 List and describe the factors which influence the rate of reaction, using 
collision theory. 

 Demonstrate, using a graph, how the potential energy of the substances 
involved in a chemical reaction changes as the reaction progresses. 



 

 

 Describe the reaction pathways for simple reactions, differentiating between 
endothermic and exothermic. 

EXPERIMENTAL RATE LAWS 

 Use reaction mechanisms for simple reactions to determine the overall 
reaction. 

 Define a reaction mechanism and explain how the rate determining step of 
the mechanism affects the overall rate of the reaction. 

 Write a rate law from a reaction mechanism  

 Distinguish among catalyst, intermediate and inhibitor. 

 Determine rate law by method of initial rates. 

 Determine the change in concentration over a period of time, given the order 
of a reaction or rate law. 

NUCLEAR 

 Identify the different types of radioactive decay and use equations to 
represent the changes that occur. 

 Explain what is meant by transmutation. 

 Calculate binding energy and relate to stability of the nucleus 

 Determine the mass lost in a given nuclear decay and using Einstein’s 
equation, calculate the energy released. 

 Use half-life formulas to solve problems involving half lives of radioactive 
elements and describe their stability. 

 Describe the operation of particle accelerators and fission reactors. 

 Describe fusion reactions and the ongoing research being devoted to 
controlling the fusion process. 

 Describe the uses and limitations of carbon-14 dating. 

 Quantitative Analysis  Students will identify cations in an unknown solution by using lab skills and 
knowledge acquired throughout the year.  

 


