
 

 

 

Chemistry Essentials Scope and Sequence   

 

Grading Period Unit Title Learning Targets 

Throughout the School 
Year 

B.(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 chemical, 
electrical, and fire safety, and safe handling of live and preserved organisms; and 
   (B)  demonstrate an understanding of the use and conservation of resources and the proper 
disposal or recycling of materials. 
B.(2)  Scientific processes. The student uses scientific methods during laboratory and field 
investigations. 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 they 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, handling, and maintaining appropriate equipment and technology; 
   (F)  collect data individually or collaboratively, make measurements with precision and accuracy, 



 

 

record values using appropriate units, and calculate statistically relevant quantities to describe data, 
including mean, median, and range; 
   (G)  demonstrate the use of course apparatuses, equipment, techniques, and procedures; 
   (H)  organize, analyze, evaluate, build models, make inferences, and predict trends from data; 
   (I)  perform calculations using dimensional analysis, significant digits, and scientific notation; and 
   (J)  communicate valid conclusions using essential vocabulary and multiple modes of expression 
such as lab reports, labeled drawings, graphic organizers, journals, summaries, oral reports, and 
technology-based reports. 
B.(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 and technology 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. 

First Grading 
  Period 
 

 
 
 
 
 
 
 
 

Scientific 
Measurement 
 

*convert a number written in conventional decimal form to exponential notation 
and vice versa 
*add, subtract, multiply, and divide numbers expressed in exponential notation 
*distinguish between accuracy and precision 
*Count the number of significant figures in a given quantity 
*Add, subtract, multiply, and divide given quantities and express the results in the 
proper number of significant figures 
*round off a given quantity to a specified number of significant figures 
*report measurements using the correct number of significant figures based on 
the precision of the instrument used 
*construct tables and graphs to organize 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 graph or set of data points, be able to extrapolate and interpolate new 
data points 
* recognize the meaning of base SI units, including abbreviations and quantities 
these units describe 

* differentiate between quantities and numbers 
* identify the given and wanted quantities in the statement of a problem 

*set up and solve problems by the dimensional analysis method 

Classification of 
Matter 

*define matter and give examples 
* for each common element, given the symbol, write the name, and vice versa 
*describe and distinguish heterogeneous and homogeneous material, substances, 
mixtures and solutions  

*describe and give examples of elements and compounds 
*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 
*list physical techniques used to separate mixtures 
*apply techniques used to separate mixtures in a laboratory setting 
* classify changes in matter as physical or chemical changes 
*distinguish among extensive, intensive, physical and chemical properties 
*use models to explain different properties of solids, liquids, and gases 
* calculate density using dimensional analysis 
*use density as a conversion factor when calculating mass or volume in 
dimensional analysis 

Atomic Structure *discuss early developments in atomic theory development (Democritus, Dalton, 
Thomson, Rutherford, Chadwick, Bohr and Schrodinger) 
*given the relative mass and percent abundance of the isotope of an element, 
calculate the average atomic mass 
*define an atom and its components 
*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 isotope symbol for an element or ion, state the number of protons, 
electrons and neutrons 
*write the isotope symbol for any common element or ion 



 

 

 
 
 
 
 
 

* label and describe the parts of a wave 
* calculate the energy(E) or frequency (v) of light given the other and Planck’s 
Constant (h) in the formula 

*calculate frequency (v) and wavelength (and the speed of light and the 
formula.  
*state the bands of the electromagnetic spectrum, including the visible colors, in 
order of wavelength, frequency , and energy 
*sketch the Bohr orbits and energy level diagram for hydrogen. Show the electron 
energy level change for any line in the emission spectrum 
 
 
 
 
 
 
 

 



 

 

Electron Configuration *understand how energy levels, sublevels, orbitals and electrons are related 
*state the notation for any orbital (subshell) and recognize the shape of that 
orbital 
*recognize the filling order (Aufbau’s Principle) of electron and fill orbital 
*know the number of electrons in any s,p,d or f block element and draw orbital 
diagrams 
*draw and write electron configurations of neutral atoms and ions.  
*relate the electron configuration of an element to its position in the periodic 
table 
*write the shorthand notation (noble gas notation) for a ground state element 
*for any given electron configuration, identify it as ground state, excited state or 
impossible 
*recognize that valence electrons are found in the s and p orbitals of the highest 
energy level 
*count the number of valence electrons and determine whether an atom will gain 
or lose electrons according to the octet rule and determine the ion’s charge 



 

 

Second Grading 

Period 

 

 

 

 

 
 
 
 
 
 
 
 
 

 

Periodic Trends *compare Mosley’s and Mendeleev’s contributions to the periodic table 
*distinguish between groups, families, and periods on the periodic table 
*locate the representative elements, transition metals, and inner transition 
metals on the periodic table 
*locate specific groups on the periodic table (alkali metals, alkaline earth metals, 
halogens and noble gases) and summarize their properties.  
*identify if an element is a metal, nonmetal, metalloid and summarize its 
properties.  
*draw Lewis dot structures for elements in the s, p and d block 
*determine the number of valence electrons and the ion formed based on an 
element’s placement on the periodic table 
* explain how effective nuclear charge and electron shielding affect periodic 
trends 
*demonstrate how atomic and ionic sizes change in the groups and periods.  
* compare the size of an atom to the size of its ion and give reasons for the 
difference 
*define ionization energy and the factors which affect these properties 
*use multiple ionization energies to predict the charge of elements 
*define electronegativity and the factors which affect these properties 
*define the trends of reactivity of metals and nonmetals 

 

 

 

 

 
 
 
 
 
 
 
 
 

Chemical Bonding *define chemical bond and determine why elements undergo bonding 
*use location on the periodic table to determine bond type (ionic, polar covalent, 
nonpolar covalent) 
*define metallic bond and discuss its unique properties 
*define covalent bond and discuss its unique properties 
*define ionic bond and discuss its unique properties 
*recognize when a metal and a nonmetal will form an ionic bond 
*determine whether an atom will form a cation or anion and what is its charge 
* draw Lewis structures to represent ionic bonding and to determine the number 
of atoms of each element needed.  
* recognize when nonmetals form a covalent bond 
*draw a Lewis structure for a molecule or a polyatomic ion 
*understand how a polyatomic ion is a group of covalently bonded elements with 
an overall charge 



 

 

  *state the basic ideas behind valence shell electron pair (VSEPR) theory 
*use VSEPR theory to predict geometry of polyatomic ions and molecules 
*predict whether a molecule is polar or nonpolar, using the relationship between 
molecule shape and molecular polarity 
*determine whether a compound will dissolve in polar and nonpolar substance by 
determining the compound’s polarity (“like dissolves like”) 
*explain how the three types of intermolecular forces arise 
*compare and contrast the physical properties of gases, liquids, and solids by 
comparing the strength of their intermolecular forces.  
*predict which intermolecular forces will occur in a substance given its structure 
and composition 
 

Nomenclature *recognize when to use the rules for naming covalent compounds 
*write the name (or formula) of a compound formed by two nonmetals 
*name diatomic elements 
*recognize when to use the rules for naming ionic compounds 
*write the name ( or formula) of a compound formed by a metal and a nonmetal 
*determine the charge of a metal with multiple possible charges and write that 
charge in Roman numeral 
*write the name( or formula) of a compound containing polyatomic ions 
*recognize when to use the rules for naming acids 
*write the name (or formula) of any acid 

Third 

Grading Period 

Chemical Quantities * define the term mole and describe how it is used  in chemistry 
*count the ions and atoms in an ionic compound and count the atoms in a 
covalent compound 
*recognize that molar mass is grams per mole and can be stated in multiple ways 
*calculate the molar mass of a compound from its formula 
*calculate the percent composition  of a compound from its formula 



 

 

*use and manipulate  the percent composition formula 
*convert between grams and moles of a given substance 
*convert between particles and moles of a given substance 
*recognize what particle applies to each type of chemical compound (ionic and 
covalent) 
*convert between liters and moles of a gas at STP 
*combine the above conversions to perform any calculations involving grams, 
particles, liters and moles 
*differentiate between empirical and molecular formulas 
*find the empirical formula of the compound, given the information from which 
the number of grams of each element in a sample of a compound can be 
determined.  
*write the molecular formula of the compound, given the molar mass of an 
unknown compound and information from which its empirical formula can be 
found 

Chemical Reactions *analyze the levels of organization in biological systems and relate the levels to 
each other and to the whole system 
*investigate and analyze how organisms, populations, and communities respond 
to external factors 
*summarize the role of microorganisms in both maintaining and disrupting the 
health of both organisms and ecosystems 
*describe how events and processes that occur during ecological succession can 
change populations and species diversity 
*interpret relationships, including predation, parasitism, commensalism, 
mutualism, and competition among organisms 
*compare variations and adaptations of organisms in different ecosystems 
*analyze the flow of matter and energy through trophic levels using various 
models, including food chains, food webs, and ecological pyramids 
*recognize that long‐term survival of species is dependent on changing resource 
bases that are limited 
*describe the flow of matter through the carbon and nitrogen cycles and explain 
the consequences of disrupting these cycles 
*describe how environmental change can impact ecosystem stability 



 

 

Stoichiometry *use a mole ratio from a balanced chemical equation to convert between 
substances in the reaction 
*given the quantity of any substance in a balanced chemical equation, calculate 
the quantity of any other substance in the reaction 
*define a limiting and excess reactant and quantities of any two reactants, 
identify the limiting and excessive reactant 
*recognize the actual yield and theoretical yield in a problem or lab 
*given two of the group a)theoretical yield b) actual yield or c) percent yield, 
calculate the third 
*describe possible reasons for a high or low percent yield 

 Thermodynamics *compare the properties of the states of matter 
*define pressure and temperature 
*convert between units of pressure and temperature 
*label a phase diagram including states of matter, pressure, temperature, triple 
point, critical point and phase changes 
*describe changes of state at the atomic level 
*distinguish between energy, heat and temperature 
*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 
changes of the sample (substance changes temperature 
*given two of the following, calculate the third : a) mass of a sample that changes 
phases; heat of fusion or heat of vaporization; c) heat of change of the sample 
*understand and perform calorimetry calculations 
*define whether a change in state is endothermic or exothermic 
*interpret the feature of heating curves 
*calculate the heat changes as the sample changes from the initial condition to 
the final condition 
*define endothermic and exothermic reactions 
*interpret the features of heating curves 
*calculate the heat change as the sample changes from the initial condition to the 
final condition 
*define endothermic and exothermic reactions 
*interpret the features of potential energy (enthalpy) diagram 
*be able to write a thermochemical equation 

*given two of the following, calculate the third: a) H for a reaction whose 
equation is know; b) the quantity of one of the reactants or products; c) net heat 



 

 

change for the quantity of reactant or product 

Fourth 
Grading Period 

Gases *describe the motion of gas particles using the Kinetic Molecular Theory 
*describe and define gases on the atomic level, using the variables of volume, 
temperature, moles and pressure.  
*given temperature in Celsius or Kelvin express that temperature in the other unit 
*given a gas pressure expressed in atmosphere, mmHg, or kilopascals, express 
that pressure in other units 
*know the conditions of standard temperature and pressure (STP) 
*apply Dalton’s law of partial to calculate the missing quaintly when given the 
other; partial pressure of each gas in a mixture and the total pressure of the 
mixture 
*given values of all but one of the variables in the ideal gas equation (P,V,n,T), 
calculate the value of the remaining variable 
*using the Ideal Gas Law determine the formula mass of gas 
*compare the relationship between volume, temperature, moles and pressure. 
Determine if they are inverse or direct.  
*given both initial values of variables in Charles’ law, Boyle’s law, Gay-Lussac’s or 
Avogadro’s law, and the final value of one variable, calculate the final value of the 
other variable 
*given 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 the combine gas laws.  

Solutions *define solute, solvent, solution, dilute and concentrated 
*describe the dissolving process; analyze factors affecting solubility 
*describe the effect of adding a solute has on the properties of the solvent 
*recognize real word examples of colligative properties 
*define the solubility terms a) saturated,  b) unsaturated, and c) supersaturated, 
and be able to determine which one applies when given a solubility curve and 
solubility and temperature data 
*be able to extract information from a solubility curve 
*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 be 



 

 

found); c) percentage mass 
*given two of the following, calculate the third: a)mole of solute, or mass of a 
known solute; b) mass or volume of solvent; c) molarity 
*given any three of the following, calculate the fourth: a) initial molarity; b) initial 
volume; c) final molarity; d) final volume 
 

Kinetics *explain what is meant by rate and identify the data necessary to determine a 
rate 
*using collision theory list and describe the factors which influence the rate of 
reactions 
*demonstrate, using a graph, how the potential energy of the substance involved 
in a chemical reaction changes as the reaction progresses 
*label the parts of a potential energy diagram and explain the effect a catalyst 
would have 
*describe the reaction pathway for simple reactions, differentiating between 
endothermic and exothermic 
*define a reaction mechanism and explain how the rate determining step of the 
mechanism affects the overall rate of the reaction 
*distinguish among catalyst, intermediate and inhibitor 
*use reaction mechanisms for simple reactions to determine the overall reaction 
*explain what it means for a reaction to be at equilibrium 
*given the reaction and phase notation, write an equilibrium constant expression 
*given the equilibrium concentrations of all substances in equilibrium, calculate 
the equilibrium constant 
*predict whether reactants or products will be favored based on the equilibrium 
constant 
* define Le Chatelier’s Principle 
*given the concentration change of a reactant or product, or the direction of 
equilibrium shift (left/ right), determine the other and determine the changes in 
all other concentrations 
*given any two of the following determine the third: a) the direction temperature 

change; b) the sign of H (exothermic or endothermic); c) the direction of 
equilibrium shift (left or right) and the changes in all concentrations 
*given the pressure or volume change, or the directions of equilibrium shift (left 
or right), determine the other.  



 

 

 Acids and Bases *name and write formulas of acids and bases 
*distinguish between acids and bases using observable properties 
*differentiate between strong acids/bases and weak acids/bases, and identify 
their properties 
*define and identify an amphoteric substance 
*define acids and bases using Arrhenius definition 
*define acids and bases by applying the Bronsted-Lowery definitions 
*identify the acid, base, conjugate acid and conjugate base in a reaction 
*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 concertation 
of a strong acid; b) [OH-], or the concentration of a strong base; c) pH; d) pOH 
*determine relative pH of a salt based upon parent acids and bases 
*state the principles and users of indicators 
*explain the purpose of a titration and perform a titration 
*write out a balanced chemical equation for neutralization reactants 
*utilize the titration formula to find the volume or molarity of an unknown 
solution given molarity and volume of a known standard 
 

 Nuclear Chemistry *recognize the different isotopes of elements 
*explain what is meant by radioactive decay and transmutation 
*identify the different types of radioactive decay/capture and their properties 
*write and balance nuclear equations 
*predict the final product in a nuclear decay chain 
*define and recognize fusion and fission reactions 
*describe the operation of fission reactors 
*describe fusion reactions and the ongoing research being devoted to controlling 
the fusion process 
*calculate the half-life of different isotopes and reactions 
*Predict the fraction of radioactive nuclei that remain after a certain amount of 
time, given its half-life 
 

 


