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Curriculum Requirements

CR1 TEXTBOOK & 
RESOURCES

Brown, Theodore L., H. Eugene LeMay, and Bruce Edward Bursten. (2012). Chemistry: The Central Science AP® 
Edition (12th ed.). New Jersey: Pearson Education. 
Bilash, Borislaw, II, George R. Gross, and John K. Koob. (2006).  A Demo a Day: A Year of Chemical Demonstrations. 2nd ed. Batavia, IL: 
Flinn Scientific. 
The College Board. (2013).  AP Chemistry Guided Inquiry Experiments: Applying the Science Practices.  
Hague, G.R. & Smith, J.D.  (2001). The Ultimate Chemical Equations Handbook. Batavia, IL: Flinn Scientific.  
Mastering Chemistry - Online Resource www.masteringchemistry.com                                                                                                               
PhET - Interactive Simulations http://phet.colorado.edu/en/search?q=Chemistry                                                 

CR2 COURSE 
PHILOSOPHY

1. The chemical elements are fundamental building materials of matter, and all matter can be understood in terms of arrangements of 
atoms.  These atoms retain their identity in chemical reactions. Units  1, 3, 7, 10, 12 

2. Chemical and physical properties of materials can be explained by the structure and the arrangement of atoms, ions, or molecules 
and the forces between them.  Units 1, 2, 3, 4, 5, 6, 10, 11 

3. Changes in matter involve the rearrangement and/or reorganization of atoms and/or the transfer of electrons.  Units 1, 2, 3, 4, 5, 6, 
10, 11  

4. Rates of chemical reactions are determined by details of the molecular collisions. Units 4, 8 
5. The laws of thermodynamics describe the essential role of energy and explain and predict the direction of changes in matter.  

Units 3, 4, 5, 7, 11 
6. Any bond or intermolecular attraction that can be formed can be broken. These two processes are in a dynamic competition, sensi-

tive to initial conditions and external perturbations.  Units 6, 10, 11

CR3 UNIT 1 Avogadro Goes to Court LO 1.4   

UNIT 2 PES Inquiry LO 1.7; Models of the Hydrogen Atom PhET Activity LO 1.12

UNIT 3 Molecular Modeling Inquiry LO 2.17

UNIT 4 Intermolecular Force Inquiry LO 2.11, 2.13, 2.16, 5.1, 5.11 

UNIT 5 State Variables and Ideal Gas Law Simulation LO 2.4, 2.5

UNIT 6 8 Unknown Solutions Inquiry LO 2.1 

UNIT 7 Ultimate Practice LO 3.2;  Metal/Metal Ion Reactions: A Laboratory Simulation LO 3.2;  Metals in Aqueous Solutions LO 3.2 

UNIT 8 Reactions and Rates PhET Activity LO 4.1; Candy decay chain LO 4.3

UNIT 9 Le Châtelier’s Principle, Coupled Equilibrium, and Egg Shells LO 6.1, 6.3; 

UNIT 10 Acid-Base Solutions PhET Activity LO 6.11, 6.12;  Acid Structure and Function LO 2.2, 6.12 

UNIT 11 Cooking	  with	  Chemistry	  LO	  5.6;	  Atoms	  and	  Conservation	  of	  Energy	  LO	  5.4,	  5.5;	  Rubber	  bands,	  Milk	  Jugs	  and	  Straws	  5.3,	  3.11,	  5.12

UNIT 12 Electrochemical Cells Virtual Lab LO 3.13   

http://phet.colorado.edu/en/search?q=Chemistry


CR4 Chemistry is everywhere (just like the commercial says)!  In general chemistry, so much of what we learn is foundational, and it is not al-
ways easy to see how these concepts fit into the “big picture.”  In order to help you make those links, each lab report you submit will include 
a section in which you will explore the “real world” application of the system studied.

CR5 & 
CR6 & 
CR7

LABORATORY At the core of chemistry lies experimentation.  Requirements to enable us to effectively explore this core include: 
• We will be spending at least 25% of our time on laboratory work, some of which must be completed outside of class (prelabs & lab 

reports). 
• You are required to have a (composition) lab notebook.   
• The titles of the experiments planned are provided within each unit description. 
• The following experiments will provide an opportunity to participate in design the lab procedure.  These are labeled “inquiry” with-

in the unit description so you are aware of the added component: Exp. 1, 2, 4, 5, 7, 10, 16, 17, 18 
• Many of your experiments will require a formal lab report with the following components:  Experimental question, Variables, Safe-

ty, Procedure, Claim, Evidence & Reasoning, Reading & Reflection.  A portion of these will be completed in your lab notebook and 
a portion will be submitted online.  A detailed rubric for the report requires can be found at the end of the syllabus.

UNIT ONE: Stoichiometry & The Heart of Chemistry

90 min class periods 7 Book Pages Chapter 3; 4.5  

Learning Opportunities Avogadro Goes to Court LO 1.4

Labs 1. ** Guided Inquiry investigation:  Designing Airbags:  Guided Inquiry in which students will determine the ratio of reactants needed to make a simulat-
ed airbag.  Includes application of principals to actual airbags.  LO 3.3, SP 4, SP 2 

2. ** Guided Inquiry AP Investigation 1: What Is the Relationship Between the Concentration of a Solution and the Amount of Transmitted Light 
Through the Solution?  LO 1.15, SP 4.1, 6.4, 4.2, 5.1

Learning objective 1.4 The student is able to connect the number of 
particles, moles, mass, and volume of substances to one another, both 
qualitatively and quantitatively. [See SP 7.1; Essential knowledge 1.A.
3]

Essential knowledge 1.A.3: The mole is the fundamental unit for 
counting numbers of particles on the macroscopic level and allows 
quantitative connections to be drawn between laboratory experiments, 
which occur at the macroscopic level, and chemical processes, which 
occur at the atomic level.

SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.9 The student is able to create or interpret 
representations that link the concept of molarity with particle views of 
solutions. [See SP 1.1, 1.4; Essential knowledge 2.A.3]

Essential knowledge 2.A.3: Solutions are homogenous mixtures in 
which the physical properties are dependent on the concentration of 
the solute and the strengths of all interactions among the particles of 
the solutes and solvent.

SP1.1 The student can create representations and models of 
natural or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively.

Learning objective 1.2 The student is able to select and apply mathe-
matical routines to mass data to identify or infer the composition of pure 
substances and/or mixtures. [See SP 2.2; EK 1.A.2]

Essential knowledge 1.A.2: Chemical analysis provides a method for 
determining the relative number of atoms in a substance, which can be 
used to identify the substance or determine its purity.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 1.3 The student is able to select and apply 
mathematical relationships to mass data in order to justify a claim 
regarding the identity and/or estimated purity of a substance. [See SP 
2.2, 6.1; Essential knowledge 1.A.2]

Essential knowledge 1.A.2: Chemical analysis provides a method for 
determining the relative number of atoms in a substance, which can be 
used to identify the substance or determine its purity.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP6.1 The student can justify claims with evidence.

Learning objective 1.18 The student is able to apply conservation of 
atoms to the rearrangement of atoms in various processes. [See SP 1.4; 
Essential knowledge 1.E.2]

Essential knowledge 1.E.2: Conservation of atoms makes it possible 
to compute the masses of substances involved in physical and chemical 
processes.  Chemical processes result in the formation of new 
substances, and the amount of these depends on the number and the 
types and masses of elements in the reactants, as well as the efficiency 
of the transformation.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively.
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Learning objective 3.3 The student is able to use stoichiometric 
calculations to predict the results of performing a reaction in the 
laboratory and/or to analyze deviations from the expected results. [See 
SP 2.2, 5.1; Essential knowledge 3.A.2]

Essential knowledge 3.A.2: Quantitative information can be derived 
from stoichiometric calculations that utilize the mole ratios from the 
balanced chemical equations. The role of stoichiometry in real-world 
applications is important to note, so that it does not seem to be simply an 
exercise done only by chemists.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP5.1 The student can analyze data to identify patterns or 
relationships.

Learning objective 3.4 The student is able to relate quantities 
(measured mass of substances, volumes of solutions, or volumes and 
pressures of gases) to identify stoichiometric relationships for a 
reaction, including situations involving limiting reactants and 
situations in which the reaction has not gone to completion. [See SP 2.2, 
5.1, 6.4; Essential knowledge 3.A.2]

Essential knowledge 3.A.2: Quantitative information can be derived 
from stoichiometric calculations that utilize the mole ratios from the 
balanced chemical equations. The role of stoichiometry in real-world 
applications is important to note, so that it does not seem to be simply an 
exercise done only by chemists.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP5.1 The student can analyze data to identify patterns or 
relationships. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

UNIT TWO: The Atom

90 min class periods 6 Book Pages Chapter 6, 7

Learning Opportunities PES Inquiry LO 1.7, Mass Spec Analysis LO 1.14

Models	  of	  the	  Hydrogen	  Atom	  Simulation	  LO1.12	  	  http://phet.colorado.edu/en/simulation/hydrogen-‐atom

Labs Dry Lab:  Interpretation of Periodic Properties  LO 1.9, SP 5, 6

Learning objective 1.12 The student is able to explain why a given 
set of data suggests, or does not suggest, the need to refine the atomic 
model from a classical shell model with the quantum mechanical 
model. [See SP 6.3; Essential knowledge 1.C.2]

Essential knowledge 1.C.2: The currently accepted best model of the 
atom is based on the quantum mechanical model.

SP6.3 The student can articulate the reasons that scientific explana-
tions and theories are refined or replaced.

Learning objective 1.13 Given information about a particular mod-
el of the atom, the student is able to determine if the model is consis-
tent with specified evidence. [See SP 5.3; Essential knowledge 1.D.
1]

Essential knowledge 1.D.1: As is the case with all scientific models, 
any model of the atom is subject to refinement and change in response 
to new experimental results. In that sense, an atomic model is not 
regarded as an exact description of the atom, but rather a theoretical 
construct that fits a set of experimental data.

SP5.3 The student can evaluate the evidence provided by data sets in 
relation to a particular scientific question.

Learning objective 1.14 The student is able to use data from mass 
spectrometry to identify the elements and the masses of individual 
atoms of a specific element. [See SP 1.4, 1.5; Essential knowledge 
1.D.2]

Essential knowledge 1.D.2: An early model of the atom stated that all 
atoms of an element are identical. Mass spectrometry data demonstrate 
evidence that contradicts this early model.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP1.5 The student can re-express key elements of natural phenomena 
across multiple representations in the domain.

Learning objective 1.5 The student is able to explain the distribution 
of electrons in an atom or ion based upon data. [See SP 1.5, 6.2; 
Essential knowledge 1.B.1]

Essential knowledge 1.B.1: The atom is composed of negatively 
charged electrons, which can leave the atom, and a positively 
charged nucleus that is made of protons and neutrons. The attrac-
tion of the electrons to the nucleus is the basis of the structure of 
the atom. Coulomb’s Law is qualitatively useful for understanding 
the structure of the atom.

SP1.5 The student can re-express key elements of natural phenomena 
across multiple representations in the domain. 
SP6.2 The student can construct explanations of phenomena based on 
evidence produced through scientific practices.

Learning objective 1.6 The student is able to analyze data relating to 
electron energies for patterns and relationships.[See SP 5.1; EK1.B1]

Essential knowledge 1.B.1: SEE ABOVE SP5.1 The student can analyze data to identify patterns or relation-
ships.

Learning objective 1.7 The student is able to describe the electronic 
structure of the atom, using PES data, ionization energy data, and/or 
Coulomb’s Law to construct explanations of how the energies of 
electrons within shells in atoms vary. [See SP 5.1, 6.2; Essential 
knowledge 1.B.2]

Essential knowledge 1.B.2: The electronic structure of the atom can 
be described using an electron configuration that reflects the concept 
of electrons in quantized energy levels or shells; the energetics of the 
electrons in the atom can be understood by consideration of 
Coulomb’s Law.

SP5.1 The student can analyze data to identify patterns or relation-
ships. 
SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.
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Learning objective 1.8 The student is able to explain the distribution 
of electrons using Coulomb’s Law to analyze measured energies. [See 
SP 6.2; Essential knowledge 1.B.2]

Essential knowledge 1.B.2: The electronic structure of the atom can 
be described using an electron configuration that reflects the concept 
of electrons in quantized energy levels or shells; the energetics of the 
electrons in the atom can be understood by consideration of 
Coulomb’s Law.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.

Learning objective 1.9 The student is able to predict and/or justify 
trends in atomic properties based on location on the periodic table 
and/or the shell model. [See SP 6.4; Essential knowledge 1.C.1]

Essential knowledge 1.C.1: Many properties of atoms exhibit peri-
odic trends that are reflective of the periodicity of electronic structure.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 1.10 Students can justify with evidence the 
arrangement of the periodic table and can apply periodic properties 
to chemical reactivity. [See SP 6.1; Essential knowledge 1.C.1]

Essential knowledge 1.C.1: Many properties of atoms exhibit peri-
odic trends that are reflective of the periodicity of electronic structure.

SP6.1 The student can justify claims with evidence.

Learning objective 1.11 The student can analyze data, based on 
periodicity and the properties of binary compounds, to identify pat-
terns and generate hypotheses related to the molecular design of 
compounds for which data are not supplied. [See SP 3.1, 5.1; Essen-
tial knowledge 1.C.1]

Essential knowledge 1.C.1: Many properties of atoms exhibit peri-
odic trends that are reflective of the periodicity of electronic structure.

SP3.1 The student can pose scientific questions. 
SP5.1 The student can analyze data to identify patterns or relation-
ships.

UNIT THREE: Bonding

90 min class periods 5 Book Pages Chapter 8, 9

Learning Opportunities Inquiry: Molecular Modeling (“dry” lab) LO 2.17 Students will build models, evaluate structure and molecular polarity

Labs 4.	  ** Guided Inquiry AP Investigation 2: How Can Color Be Used to Determine the Mass Percent of Copper in Brass?  LO 1.15 SP 4.2, 
5.1, 2.2, 6.4

Learning objective 5.1 The student is able to create or use graphical 
representations in order to connect the dependence of potential energy 
to the distance between atoms and factors, such as bond order (for cova-
lent interactions) and polarity (for intermolecular interactions), which 
influence the interaction strength. [See SP 1.1, 1.4, 7.2, connects to Big 
Idea 2; Essential knowledge components of 5.A-5.E]

Essential knowledge 5.C.1: Potential energy is associated with a 
particular geometric arrangement of atoms or ions and the electro-
static interactions between them.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP7.2 The student can connect concepts in and across domain(s) to 
generalize or extrapolate in and/or across enduring understandings and/
or big ideas.

Learning objective 2.17 The student can predict the type of bonding 
present between two atoms in a binary compound based on position in 
the periodic table and the electronegativity of the elements. [See SP 6.4; 
Essential knowledge components of 2.C]

Essential knowledge 2.C.2: Ionic bonding results from the net 
attraction between oppositely charged ions, closely packed together 
in a crystal lattice. 
Essential knowledge 2.C.3: Metallic bonding describes an array 
of positively charged metal cores surrounded by a sea of mobile 
valence electrons. 
Essential knowledge 2.C.4: The localized electron bonding model 
describes and predicts molecular geometry using Lewis diagrams 
and the VSEPR

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 2.18 The student is able to rank and justify the 
ranking of bond polarity on the basis of the locations of the bonded 
atoms in the periodic table. [See SP 6.1; Essential knowledge 2.C.1]

Essential knowledge 2.C.1: In covalent bonding, electrons are 
shared between the nuclei of two atoms to form a molecule or poly-
atomic ion. Electronegativity differences between the two atoms 
account for the distribution of the shared electrons and the polarity 
of the bond.

SP6.1 The student can justify claims with evidence.
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Learning objective 1.1 The student can justify the observation that the 
ratio of the masses of the constituent elements in any pure sample of 
that compound is always identical on the basis of the atomic molecular 
theory. [See SP 6.1; Essential knowledge 1.A.1]

Essential knowledge 1.A.1: Molecules are composed of specific 
combinations of atoms; different molecules are composed of com-
binations of different elements and of combinations of the same 
elements in differing amounts and proportions.

SP6.1 The student can justify claims with evidence.

Learning objective 1.15 The student can justify the selection of a 
particular type of spectroscopy to measure properties associated with 
vibrational or electronic motions of molecules. [See SP 4.1; EK 1.D.3]

Essential knowledge 1.D.3: The interaction of electromagnetic 
waves or light with matter is a powerful means to probe the structure 
of atoms and molecules, and to measure their concentration.

SP4.1 The student can justify the selection of the kind of data need-
ed to answer a particular scientific question.

Learning objective 1.16 The student can design and/or interpret the 
results of an experiment regarding the absorption of light to determine 
the concentration of an absorbing species in a solution. [See SP 4.2, 
5.1; Essential knowledge 1.D.3]

Essential knowledge 1.D.3: The interaction of electromagnetic 
waves or light with matter is a powerful means to probe the structure 
of atoms and molecules, and to measure their concentration.

SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question. 
SP5.1 The student can analyze data to identify patterns or relation-
ships.

UNIT FOUR: Structure & Function Pure

90 min class periods 6 Book Pages Sec. 11.1-11.6; 12.2, 12.2

Learning Opportunities Inquiry: Intermolecular Forces LO 2.11, 2.13, 2.16, 5.1, 5.11– Group activity in which students evaluate and explain the intermolecular 
forces of a variety of substances.  Properties of covalent molecules will be justified using intermolecular forces.

Labs 5.  ** Guided Inquiry AP Investigation 6: What’s in That Bottle? LO 2.22, SP 4.2, 6.4, 1.1, 6.2, 7.1  
OR ** Guided Inquiry AP Investigation 9: Can the Individual Components of Quick Ache Relief Be Used to Resolve Consumer Complaints? LO 3.10, SP 1.4, 
4.4, 6.1 
6.  Investigation:  IMF “Wrestling” – Which is the Strongest?  LO 5.9, SP 1, SP 4

Learning objective 5.1 The student is able to create or use graphical 
representations in order to connect the dependence of potential energy 
to the distance between atoms and factors, such as bond order (for 
covalent interactions) and polarity (for intermolecular interactions), 
which influence the interaction strength. [See SP 1.1, 1.4, 7.2, connects 
to Big Idea 2; Essential knowledge components of 5.A-5.E]

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP7.2 The student can connect concepts in and across domain(s) to 
generalize or extrapolate in and/or across enduring understandings and/
or big ideas.

Learning objective 5.9 The student is able to make claims and/or 
predictions regarding relative magnitudes of the forces acting within 
collections of interacting molecules based on the distribution of elec-
trons within the molecules and the types of intermolecular forces 
through which the molecules interact. [See SP 6.4; EK 5.D.1]

Essential knowledge 5.D.1: Potential energy is associated with the 
interaction of molecules; as molecules draw near each other, they 
experience an attractive force.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 2.1 Students can predict properties of substances 
based on their chemical formulas, and provide explanations of their 
properties based on particle views. [See SP 6.4, 7.1; Essential 
knowledge components of 2.A-2.D]

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.3 The student is able to use aspects of particulate 
models (i.e., particle spacing, motion, and forces of attraction) to reason 
about observed differences between solid and liquid phases and among 
solid and liquid materials. [See SP 6.4, 7.1; Essential knowledge 2.A.1]

Essential knowledge 2.A.1: The different properties of solids and 
liquids can be explained by differences in their structures, both at 
the particulate level and in their supramolecular structures.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.11 The student is able to explain the trends in 
properties and/or predict properties of samples consisting of particles 
with no permanent dipole on the basis of London dispersion forces. 
[See SP 6.2, 6.4; Essential knowledge 2.B.1]

Essential knowledge 2.B.1: London dispersion forces are 
attractive forces present between all atoms and molecules.  
London dispersion forces are often the strongest net 
intermolecular force between large molecules.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.



Learning objective 2.13 The student is able to describe the relation-
ships between the structural features of polar molecules and the forces 
of attraction between the particles. [See SP 1.4; EK 2.B.2]

Essential knowledge 2.B.2: Dipole forces result from the attraction 
among the positive ends and negative ends of polar molecules. 
Hydrogen bonding is a strong type of dipole-dipole force.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively.

Learning objective 2.14 The student is able to apply Coulomb’s Law 
qualitatively (including using representations) to describe the 
interactions of ions, and the attractions between ions and solvents to 
explain the factors that contribute to the solubility of ionic compounds. 
[See SP 1.4, 6.4; Essential knowledge 2.B.2]

Essential knowledge 2.B.2: Dipole forces result from the attraction 
among the positive ends and negative ends of polar molecules. 
Hydrogen bonding is a strong type of dipole-dipole force.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 2.16 The student is able to explain the properties 
(phase, vapor pressure, viscosity, etc.) of small and large molecular 
compounds in terms of the strengths and types of intermolecular forces. 
[See SP 6.2; Essential knowledge 2.B.3]

Essential knowledge 2.B.3: Intermolecular forces play a key role 
in determining the properties of substances, including biological 
structures and interactions.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.

Learning objective 2.19 The student can create visual representations 
of ionic substances that connect the microscopic structure to 
macroscopic properties, and/or use representations to connect the 
microscopic structure to macroscopic properties (e.g., boiling point, 
solubility, hardness, brittleness, low volatility, lack of malleability, 
ductility, or conductivity). [See SP 1.1, 1.4, 7.1; Essential knowledge 
2.C.2, connects to 2.D.1, 2.D.2]

(Essential knowledge 2.C.2: Ionic bonding results from the net 
attraction between oppositely charged ions, closely packed together 
in a crystal lattice.) 
Essential knowledge 2.D.1: Ionic solids have high melting points, 
are brittle, and conduct electricity only when molten or in solution. 
Essential knowledge 2.D.2: Metallic solids are good conductors of 
heat and electricity, have a wide range of melting points, and are 
shiny, malleable, ductile, and readily alloyed.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.20 The student is able to explain how a bonding 
model involving delocalized electrons is consistent with macroscopic 
properties of metals  (e.g., conductivity, malleability, ductility, and low 
volatility) and the shell model of the atom. [See SP 6.2, 7.1; Essential 
knowledge 2.C.3, connects to 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good conductors of 
heat and electricity, have a wide range of melting points, and are 
shiny, malleable, ductile, and readily alloyed.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.22 The student is able to design or evaluate a 
plan to collect and/or interpret data needed to deduce the type of bonding 
in a sample of a solid. [See SP 4.2; EK components of 2.D]

SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question.

Learning objective 2.23 The student can create a representation of an 
ionic solid that shows essential characteristics of the structure and 
interactions present in the substance. [See SP 1.1; EK 2.D.1]

Essential knowledge 2.D.1: Ionic solids have high melting points, 
are brittle, and conduct electricity only when molten or in solution.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain.

Learning objective 2.24 The student is able to explain a representation 
that connects properties of an ionic solid to its structural attributes and to 
the interactions present at the atomic level. [See SP 1.1, 6.2, 7.1; EK 
2.D.1]

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.26 Students can use the electron sea model of 
metallic bonding to predict or make claims about the macroscopic 
properties of metals or alloys. [See SP 6.4, 7.1; EK 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good conductors of 
heat and electricity, have a wide range of melting points, and are 
shiny, malleable, ductile, and readily alloyed.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.27 The student can create a representation of a 
metallic solid that shows essential characteristics of the structure and 
interactions present in the substance. [See SP 1.1; EK 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good conductors of 
heat and electricity, have a wide range of melting points, and are 
shiny, malleable, ductile, and readily alloyed.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain.

Learning objective 2.29 The student can create a representation of a 
covalent solid that shows essential characteristics of the structure and 
interactions present in the substance. [See SP 1.1; EK 2.D.3]

Essential knowledge 2.D.3: Covalent network solids generally 
have extremely high melting points, are hard, and are thermal 
insulators. Some conduct electricity.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain.
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Learning objective 2.30 The student is able to explain a representation 
that connects properties of a covalent solid to its structural attributes and 
to the interactions present at the atomic level. [See SP 1.1, 6.2, 7.1; 
Essential knowledge 2.D.3]

Essential knowledge 2.D.3: Covalent network solids generally 
have extremely high melting points, are hard, and are thermal 
insulators. Some conduct electricity.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 2.31 The student c a n  create a representation of a 
molecular solid that shows essential characteristics of the structure and 
interactions present in the substance. [See SP 1.1; EK 2.D.4]

Essential knowledge 2.D.4: Molecular solids with low molecular 
weight usually have low melting points and are not expected to 
conduct electricity as solids, in solution, or when molten.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain.

Learning objective 2.32 The student is able to explain a representation 
that connects properties of a molecular solid to its structural attributes 
and to the interactions present at the atomic level. [See SP 1.1, 6.2, 7.1; 
Essential knowledge 2.D.4]

Essential knowledge 2.D.4: Molecular solids with low molecular 
weight usually have low melting points and are not expected to 
conduct electricity as solids, in solution, or when molten.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 5.11 The student is able to identify the noncova-
lent interactions within and between large molecules, and/or connect 
the shape and function of the large molecule to the presence and mag-
nitude of these interactions. [See SP 7.2; EK 5.D.3]

Essential knowledge 5.D.3: Noncovalent and intermolecular 
interactions play important roles in many biological and polymer 
systems.

SP7.2 The student can connect concepts in and across domain(s) to 
generalize or extrapolate in and/or across enduring understandings and/or 
big ideas.

UNIT FIVE: Gases

90 min class periods 3 Book Pages Chap. 10

Learning Opportunities State Variables and Ideal Gas Law Simulation LO 2.4, 2.5 http://media.pearsoncmg.com/bc/aw_young_physics_11/pt1a/Me-
dia/Thermodynamics/ StateVarIdealGasLaw/Main.html.

Labs 7.  ** Guided Inquiry Investigation:  What is in the Lighter? Guided inquiry in which students design a lab to determine the 
molar mass of butane.  LO 2.6, SP 3, 5

Learning objective 5.2 The student is able to relate temperature to the 
motions of particles, either via particulate representations, such as 
drawings of particles with arrows indicating velocities, and/or via 
representations of average kinetic energy and distribution of kinetic 
energies of the particles, such as plots of the Maxwell-Boltzmann dis-
tribution. [See SP 1.1, 1.4, 7.1; Essential knowledge 5.A.1]

Essential knowledge 5.A.1: Temperature is a measure of the 
average kinetic energy of atoms and molecules.

SP1.1 The student can create representations and models of natural 
or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP7.1 The student can connect phenomena and models across spa-
tial and temporal scales.

Learning objective 2.4 The student is able to use KMT and concepts 
of intermolecular forces to make predictions about the macroscopic 
properties of gases, including both ideal and nonideal behaviors. [See 
SP 1.4, 6.4; Essential knowledge 2.A.2]

Essential knowledge 2.A.2: The gaseous state can be effectively 
modeled with a mathematical equation relating various macro-
scopic properties.  A gas has neither a definite volume nor a 
definite shape; because the effects of attractive forces are mini-
mal, we usually assume that the particles move independently.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 2.5 The student is able to refine multiple represen-
tations of a sample of matter in the gas phase to accurately represent the 
effect of changes in macroscopic properties on the sample. [See SP 1.3, 
6.4, 7.2; Essential knowledge 2.A.2]

Essential knowledge 2.A.2: The gaseous state can be effectively 
modeled with a mathematical equation relating various macro-
scopic properties.  A gas has neither a definite volume nor a 
definite shape; because the effects of attractive forces are mini-
mal, we usually assume that the particles move independently.

SP1.3 The student can refine representations and models of natural 
or man-made phenomena and systems in the domain. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models. 
SP7.2 The student can connect concepts in and across domain(s) to 
generalize or extrapolate in and/or across enduring understandings and/
or big ideas.
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Learning objective 2.6 The student can apply mathematical relation-
ships or estimation to determine macroscopic variables for ideal gases. 
[See SP 2.2, 2.3; Essential knowledge 2.A.2]

Essential knowledge 2.A.2: The gaseous state can be effectively 
modeled with a mathematical equation relating various macro-
scopic properties.  A gas has neither a definite volume nor a 
definite shape; because the effects of attractive forces are mini-
mal, we usually assume that the particles move independently.

SP2.2 The student can apply mathematical routines to quantities that 
describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that describe 
natural phenomena.

Learning objective 2.12 The student can qualitatively analyze 
data regarding real gases to identify deviations from ideal be-
havior and relate these to molecular interactions. [See SP 5.1, 
6.5; Essential knowledge 2.B.2, connects to 2.A.2]

Essential knowledge 2.B.2: Dipole forces result from the 
attraction among the positive ends and negative ends of 
polar molecules. Hydrogen bonding is a strong type of 
dipole-dipole force.

SP5.1 The student can analyze data to identify patterns or 
relationships. 
SP6.5 The student can evaluate alternative scientific explana-
tions.

UNIT SIX: Structure & Function Mixtures    

90 min class periods 3 Book Pages Sec. 13.1-13.3

Learning Opportunities Inquiry: 8 Unknown Solutions SP3, SP4 Students design a procedure to identify solutions from a list of possibilities

Labs 8.  AP Investigation 5: Sticky Question: How Do You Separate Molecules That Are Attracted to One Another? LO 2.10, SP 4.2, 4.3, 
5.2, 6.4  (http://www.flinnsci.com/store/Scripts/prodView.asp?idproduct=17309 – sep pak Flinn) OR  AP Investigation 9: Separating 
a Synthetic Pain Relief Mixture

Learning objective 2.1 Students can predict properties of sub-
stances based on their chemical formulas, and provide explana-
tions of their properties based on particle views. [See SP 6.4, 
7.1; Essential knowledge components of 2.A-2.D]

SP6.4 The student can make claims and predictions about natural phenomena based 
on scientific theories and models. 
SP7.1 The student can connect phenomena and models across spatial and temporal 
scales.

Learning objective 2.25 The student is able to compare the 
properties of metal alloys with their constituent elements to 
determine if an alloy has formed, identify the type of alloy 
formed, and explain the differences in properties using 
particulate level reasoning. [See SP 1.4, 7.2; EK 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good 
conductors of heat and electricity, have a wide range of 
melting points, and are shiny, malleable, ductile, and readily 
alloyed.

SP1.4 The student can use representations and models to analyze situations or 
solve problems qualitatively and quantitatively. 
SP7.2 The student can connect concepts in and across domain(s) to generalize or 
extrapolate in and/or across enduring understandings and/or big ideas.

Learning objective 2.26 Students can use the electron sea model 
of metallic bonding to predict or make claims about the 
macroscopic properties of metals or alloys. [See SP 6.4, 7.1; 
Essential knowledge 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good 
conductors of heat and electricity, have a wide range of 
melting points, and are shiny, malleable, ductile, and readily 
alloyed.

SP6.4 The student can make claims and predictions about natural phenomena based 
on scientific theories and models. 
SP7.1 The student can connect phenomena and models across spatial and temporal 
scales.

Learning objective 2.28 The student is able to explain a 
representation that connects properties of a metallic solid to its 
structural attributes and to the interactions present at the atomic 
level. [See SP 1.1, 6.2, 7.1; Essential knowledge 2.D.2]

Essential knowledge 2.D.2: Metallic solids are good 
conductors of heat and electricity, have a wide range of 
melting points, and are shiny, malleable, ductile, and readily 
alloyed.

SP1.1 The student can create representations and models of natural or man-made 
phenomena and systems in the domain. 
SP6.2 The student can construct explanations of phenomena based on evidence 
produced through scientific practices. 
SP7.1 The student can connect phenomena and models across spatial and temporal 
scales.

Learning objective 2.29 The student can create a representation 
of a covalent solid that shows essential characteristics of the 
structure and interactions present in the substance. [See SP 1.1; 
EK 2.D.3]

Essential knowledge 2.D.3: Covalent network solids 
generally have extremely high melting points, are hard, and 
are thermal insulators. Some conduct electricity.

SP1.1 The student can create representations and models of natural or man-made 
phenomena and systems in the domain.

Learning objective 2.30 The student is able to explain a 
representation that connects properties of a covalent solid to its 
structural attributes and to the interactions present at the atomic 
level. [See SP 1.1, 6.2, 7.1; Essential knowledge 2.D.3]

Essential knowledge 2.D.3: Covalent network solids 
generally have extremely high melting points, are hard, and 
are thermal insulators. Some conduct electricity.

SP1.1 The student can create representations and models of natural or man-made 
phenomena and systems in the domain. 
SP6.2 The student can construct explanations of phenomena based on evidence 
produced through scientific practices. 
SP7.1 The student can connect phenomena and models across spatial and temporal 
scales.
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Learning objective 2.15 The student is able to explain 
observations regarding the solubility of ionic solids and 
molecules in water and other solvents on the basis of particle 
views that include intermolecular interactions and entropic 
effects. [See SP 1.4, 6.2; EK 2.B.3, — 5.E.1]

Essential knowledge 2.B.3: Intermolecular forces play a 
key role in determining the properties of substances, 
including biological structures and interactions.

SP1.4 The student can use representations and models to analyze situations or 
solve problems qualitatively and quantitatively. 
SP6.2 The student can construct explanations of phenomena based on evidence 
produced through scientific practices.

Learning objective 2.8 The student can draw and/or interpret 
representations of solutions that show the interactions between 
the solute and solvent. [See SP 1.1, 1.2, 6.4; Essential 
knowledge 2.A.3]

Essential knowledge 2.A.3: Solutions are homogenous 
mixtures in which the physical properties are dependent on 
the concentration of the solute and the strengths of all 
interactions among the particles of the solutes and solvent.

SP1.1 The student can create representations and models of natural or man-made 
phenomena and systems in the domain. 
SP1.2 The student can describe representations and models of natural or man-
made phenomena and systems in the domain. 
SP6.4 The student can make claims and predictions about natural phenomena 
based on scientific theories and models.

Learning objective 2.7 The student is able to explain how 
solutes can be separated by chromatography based on 
intermolecular interactions. [See SP 6.2; Essential knowledge 
2.A.3]

Essential knowledge 2.A.3: Solutions are homogenous 
mixtures in which the physical properties are dependent on 
the concentration of the solute and the strengths of all 
interactions among the particles of the solutes and solvent.

SP6.2 The student can construct explanations of phenomena based on evidence 
produced through scientific practices.

Learning objective 2.10 The student can design and/or 
interpret the results of a separation experiment (filtration, paper 
chromatography, column chromatography, or distillation) in 
terms of the relative strength of interactions among and between 
the components. [See SP 4.2, 5.1; Essential knowledge 2.A.3]

Essential knowledge 2.A.3: Solutions are homogenous 
mixtures in which the physical properties are dependent on 
the concentration of the solute and the strengths of all 
interactions among the particles of the solutes and solvent.

SP4.2 The student can design a plan for collecting data to answer a particular 
scientific question. 
SP5.1 The student can analyze data to identify patterns or relationships.

UNIT SEVEN: Interpreting and Representing Reactions

90 min class periods 7 Book Pages Chapter 4

Learning Opportunities Ultimate Practice: LO 3.2 Students complete exercises 9.1, 9.2, 9.3, and 10.1 from The Ultimate Chemical Equations Handbook 
and review the solutions on whiteboards.                                                                                                                                                                                                                                            
Metals in Aqueous Solutions: LO 3.2 (Simulation) http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/
redox/home.html                                                                                                                                                                                 
Metal/Metal Ion Reactions: A Laboratory Simulation LO 3.2  http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/
Metal%3DMetalIonTutorialtgrt.pdf

Labs 9.  AP Investigation 3: What Makes Hard Water Hard? LO 1.19, SP 2.2, 4.2,  5.1, 5.3, 6.2, 7.2 
10.  ** Guided Inquiry AP Investigation 7: Using the Principle That Each Substance Has Unique Properties to Purify a Mixture: 
An Experiment Applying Green Chemistry to Purification  LO 3.5, SP 4.2, 5.1, 6.1, 6.4 
11.  Investigation:  How can we represent reactions in which a precipitate forms?  LO 3.2, SP 1

Learning objective 3.10 The student is able to evaluate the classifica-
tion of a process as a physical change, chemical change, or ambiguous 
change based on both macroscopic observations and the distinction 
between rearrangement of covalent interactions and noncovalent inter-
actions. [See SP 1.4, 6.1; EK 3.C.1, connects to 5.D.2]

Essential knowledge 3.C.1: Production of heat or light, formation of 
a gas, and formation of a precipitate and/or a color change are possi-
ble evidences that a chemical change has occurred.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP6.1 The student can justify claims with evidence.

Learning objective 5.10 The student can support the claim about 
whether a process is a chemical or physical change (or may be classified 
as both) based on whether the process involves changes in intramolecu-
lar versus intermolecular interactions. [See SP 5.1; EK 5.D.2]

Essential knowledge 5.D.2: At the particulate scale, chemical 
processes can be distinguished from physical processes because 
chemical bonds can be distinguished from intermolecular interac-
tions.

SP5.1 The student can analyze data to identify patterns or relation-
ships.

Learning objective 1.17 The student is able to express the law of con-
servation of mass quantitatively and qualitatively using symbolic repre-
sentations and particulate drawings. [See SP 1.5; EK 1.E.1]

Essential knowledge 1.E.1: Physical and chemical processes can 
be depicted symbolically; when this is done, the illustration must 
conserve all atoms of all types.

SP1.5 The student can re-express key elements of natural phenomena 
across multiple representations in the domain.
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Learning objective 3.1 Students can translate among macroscopic 
observations of change, chemical equations, and particle views. [See SP 
1.5, 7.1; Essential knowledge components of 3.A-3.C]

Essential knowledge 3.A.1: A chemical change may be represented 
by a molecular, ionic, or net ionic equation. 
Essential knowledge 3.B.2: In a neutralization reaction, protons are 
transferred from an acid to a base. 
Essential knowledge 3.B.3: In oxidation-reduction (redox) reac-
tions, there is a net transfer of electrons. The species that loses elec-
trons is oxidized, and the species that gains electrons is reduced.

SP1.5 The student can re-express key elements of natural phenomena 
across multiple representations in the domain. 
SP7.1 The student can connect phenomena and models across spa-
tial and temporal scales.

Learning objective 3.2 The student can translate an observed chemical 
change into a balanced chemical equation and justify the choice of equa-
tion type (molecular, ionic, or net ionic) in terms of utility for the given 
circumstances. [See SP 1.5, 7.1; Essential knowledge 3.A.1]

Essential knowledge 3.B.1: Synthesis reactions are those in which 
atoms and/or molecules combine to form a new compound. De-
composition is the reverse of synthesis, a process whereby mole-
cules are decomposed, often by the use of heat.

SP1.5 The student can re-express key elements of natural phenomena 
across multiple representations in the domain. 
SP7.1 The student can connect phenomena and models across spa-
tial and temporal scales.

Learning objective 3.5 The student is able to design a plan in 
order to collect data on the synthesis or decomposition of a com-
pound to confirm the conservation of matter and the law of defi-
nite proportions. [See SP 2.1, 4.2; Essential knowledge 3.B.1]

Essential knowledge 3.B.1: Synthesis reactions are those in 
which atoms and/or molecules combine to form a new com-
pound. Decomposition is the reverse of synthesis, a process 
whereby molecules are decomposed, often by the use of heat.

SP2.1 The student can justify the selection of a mathematical 
routine to solve problems. 
SP4.2 The student can design a plan for collecting data to 
answer a particular scientific question.

Learning objective 3.6 The student is able to use data from 
synthesis or decomposition of a compound to confirm the con-
servation of matter and the law of definite proportions. [See SP 
2.2, 6.1; Essential knowledge 3.B.1]

Essential knowledge 3.B.1: Synthesis reactions are those in 
which atoms and/or molecules combine to form a new com-
pound. Decomposition is the reverse of synthesis, a process 
whereby molecules are decomposed, often by the use of heat.

SP2.2 The student can apply mathematical routines to 
quantities that describe natural phenomena. 
SP6.1 The student can justify claims with evidence.

Learning objective 1.19 The student can design, and/or inter-
pret data from, an experiment that uses gravimetric analysis to 
determine the concentration of an analyte in a solution. [See SP 
4.2, 5.1; Essential knowledge 1.E.2]

Essential knowledge 1.E.2: Conservation of atoms makes it 
possible to compute the masses of substances involved in phys-
ical and chemical processes.  Chemical processes result in the 
formation of new substances, and the amount of these depends 
on the number and the types and masses of elements in the 
reactants, as well as the efficiency of the transformation.  
**solubility of Na+ K+ NH4+ NO3-

SP4.2 The student can design a plan for collecting data to 
answer a particular scientific question. 
SP5.1 The student can analyze data to identify patterns or 
relationships.

UNIT EIGHT:  Kinetics

90 min class periods 6 Book Pages Chapter 14

Learning Opportunities Reactions	  and	  Rates	  PhET	  Activity	  LO	  4.1	  http://phet.colorado.edu/en/simulation/reactions-‐and-‐rates	  ;	  Candy	  decay	  
chain	  LO	  4.3

Labs 12.  AP Investigation 11: What Is the Rate Law of the Fading of Crystal Violet Using Beer’s Law? LO 4.2, SP 1.4, 2.1, 2.2, 4.2, 
5.1, 6.4

Learning objective 4.1 The student is able to design and/or interpret the 
results of an experiment regarding the factors (i.e., temperature, 
concentration, surface area) that may influence the rate of a reaction. 
[See SP 4.2, 5.1; Essential knowledge 4.A.1]

Essential knowledge 4.A.1: The rate of a reaction is influenced by the 
concentration or pressure of reactants, the phase of the reactants and 
products, and environmental factors such as temperature and solvent.

SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question. 
SP5.1 The student can analyze data to identify patterns or 
relationships.

Learning objective 4.2 The student is able to analyze concentration vs. 
time data to determine the rate law for a zeroth-, first-, or second-order 
reaction. [See SP 5.1; Essential knowledge 4.A.2, connects to 4.A.3]

Essential knowledge 4.A.2: The rate law shows how the rate depends 
on reactant concentrations.

SP5.1 The student can analyze data to identify patterns or 
relationships.
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Learning objective 4.3 The student is able to connect the half-life of a 
reaction to the rate constant of a first-order reaction and justify the use of 
this relation in terms of the reaction being a first-order reaction. [See SP 
2.1, 2.2; Essential knowledge 4.A.3]

Essential knowledge 4.A.3: The magnitude and temperature 
dependence of the rate of reaction is contained quantitatively in the rate 
constant.

SP2.1 The student can justify the selection of a mathematical 
routine to solve problems 
SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 4.4 The student is able to connect the rate law for an 
elementary reaction to the frequency and success of molecular 
collisions, including connecting the frequency and success to the order 
and rate constant, respectively. [See SP 7.1; Essential knowledge 4.B.1, 
connects to 4.A.3, 4.B.2]

Essential knowledge 4.B.1: Elementary reactions can be unimolecular 
or involve collisions between two or more molecules.

SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 4.5 The student is able to explain the difference 
between collisions that convert reactants to products and those that do 
not in terms of energy distributions and molecular orientation. [See SP 
6.2; Essential knowledge 4.B.2]

Essential knowledge 4.B.2: Not all collisions are successful. To get 
over the activation energy barrier, the colliding species need sufficient 
energy. Also, the orientations of the reactant molecules during the 
collision must allow for the rearrangement of reactant bonds to form 
product bonds.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.

Learning objective 4.6 The student is able to use representations of the 
energy profile for an elementary reaction (from the reactants, through 
the transition state, to the products) to make qualitative predictions 
regarding the relative temperature dependence of the reaction rate. [See 
SP 1.4, 6.4; Essential knowledge 4.B.3]

Essential knowledge 4.B.3: A successful collision can be viewed as 
following a reaction path with an associated energy profile.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 4.7 The student is able to evaluate alternative 
explanations, as expressed by reaction mechanisms, to determine 
which are consistent with data regarding the overall rate of a reaction, 
and data that can be used to infer the presence of a reaction 
intermediate. [See SP 6.5; connects to Essential knowledge 4.C.1, 
4.C.2, 4.C.3]

Essential knowledge 4.C.1: The mechanism of a multistep reaction 
consists of a series of elementary reactions that add up to the overall 
reaction. 
Essential knowledge 4.C.2: In many reactions, the rate is set by the 
slowest elementary reaction, or rate-limiting step. 
Essential knowledge 4.C.3: Reaction intermediates, which are formed 
during the reaction but not present in the overall reaction, play an 
important role in multistep reactions.

SP6.5 The student can evaluate alternative scientific explanations.

Learning objective 4.8 The student can translate among reaction 
energy profile representations, particulate representations, and symbolic 
representations (chemical equations) of a chemical reaction occurring in 
the presence and absence of a catalyst. [See SP 1.5; Essential 
knowledge 4.D.1]

Essential knowledge 4.D.1: Catalysts function by lowering the 
activation energy of an elementary step in a reaction mechanism, and 
by providing a new and faster reaction mechanism.

SP1.5 The student can re-express key elements of natural 
phenomena across multiple representations in the domain.

Learning objective 4.9 The student is able to explain changes in 
reaction rates arising from the use of acid-base catalysts, surface 
catalysts, or enzyme catalysts, including selecting appropriate 
mechanisms with or without the catalyst present. [See SP 6.2, 7.2; 
Essential knowledge 4.D.2]

Essential knowledge 4.D.2: Important classes in catalysis include 
acid-base catalysis, surface catalysis, and enzyme catalysis.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices. 
SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.

UNIT NINE:  Equilibrium

90 min class periods 6 Book Pages Chapter 15, 17.1, 17.4, 17.6

Learning Opportunities Le Châtelier’s Principle, Coupled Equilibrium, and Egg Shells LO 6.1, 6.3

Labs 13.	  AP Investigation 13: Can We Make the Colors of the Rainbow? An Application of Le Châtelier’s Principle  LO 6.9, SP 4.1, 
4.2, 4.3, 5.1, 6.2, 6.4



Learning objective 6.1 The student is able to, given a set of 
experimental observations regarding physical, chemical, biological, or 
environmental processes that are reversible, construct an explanation that 
connects the observations to the reversibility of the underlying chemical 
reactions or processes. [See SP 6.2; Essential knowledge 6.A.1]

Essential knowledge 6.A.1: In many classes of reactions, it is 
important to consider both the forward and reverse reaction.

SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.

Learning objective 6.2 The student can, given a manipulation of a 
chemical reaction or set of reactions (e.g., reversal of reaction or 
addition of two reactions), determine the effects of that manipulation on 
Q or K. [See SP 2.2; Essential knowledge 6.A.2]

Essential knowledge 6.A.2: The current state of a system undergoing 
a reversible reaction can be characterized by the extent to which 
reactants have been converted to products. The relative quantities of 
reaction components are quantitatively described by the reaction 
quotient, Q.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 6.3 The student can connect kinetics to equilibrium 
by using reasoning about equilibrium, such as LeChatelier’s principle, 
to infer the relative rates of the forward and reverse reactions. [See SP 
7.2; Essential knowledge 6.A.3]

Essential knowledge 6.A.3: When a system is at equilibrium, all 
macroscopic variables, such as concentrations, partial pressures, and 
temperature, do not change over time. Equilibrium results from an 
equality between the rates of the forward and reverse reactions, at 
which point Q = K.

SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.

Learning objective 6.4 The student can, given a set of initial conditions 
(concentrations or partial pressures) and the equilibrium constant, K, 
use the tendency of Q to approach K  to predict and justify the prediction 
as to whether the reaction will proceed toward products or reactants as 
equilibrium is approached. [See SP 2.2, 6.4; Essential knowledge 6.A.3]

Essential knowledge 6.A.3: When a system is at equilibrium, all 
macroscopic variables, such as concentrations, partial pressures, and 
temperature, do not change over time. Equilibrium results from an 
equality between the rates of the forward and reverse reactions, at 
which point Q = K.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.5 The student can, given data (tabular, graphical, 
etc.) from which the state of a system at equilibrium can be obtained, 
calculate the equilibrium constant, K. [See SP 2.2; Essential knowledge 
6.A.3]

Essential knowledge 6.A.3: When a system is at equilibrium, all 
macroscopic variables, such as concentrations, partial pressures, and 
temperature, do not change over time. Equilibrium results from an 
equality between the rates of the forward and reverse reactions, at 
which point Q = K.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 6.6 The student can, given a set of initial conditions 
(concentrations or partial pressures) and the equilibrium constant, K, 
use stoichiometric relationships and the law of mass ac t i on   (Q equals 
K at equilibrium) to determine qualitatively and/or quantitatively the 
conditions at equilibrium for a system involving a single reversible 
reaction. [See SP 2.2, 6.4; Essential knowledge 6.A.3]

Essential knowledge 6.A.3: When a system is at equilibrium, all 
macroscopic variables, such as concentrations, partial pressures, and 
temperature, do not change over time. Equilibrium results from an 
equality between the rates of the forward and reverse reactions, at 
which point Q = K.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.7 The student is able, for a reversible reaction that 
has a large or small K, to determine which chemical species will have 
very large versus very small concentrations at equilibrium. [See SP 2.2, 
2.3; Essential knowledge 6.A.4]

Essential knowledge 6.A.4: The magnitude of the equilibrium 
constant, K, can be used to determine whether the equilibrium lies 
toward the reactant side or product side.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena.

Learning objective 6.8 The student is able to use LeChatelier’s principle 
to predict the direction of the shift resulting from various possible 
stresses on a system at chemical equilibrium. [See SP 1.4, 6.4; Essential 
knowledge 6.B.1]

Essential knowledge 6.B.1: Systems at equilibrium respond to 
disturbances by partially countering the effect of the disturbance 
(LeChatelier’s principle).

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP6.4 The student can make claims and predictions about 
natural phenomena based on scientific theories and models.

Learning objective 6.9 The student is able to use LeChatelier’s principle 
to design a set of conditions that will optimize a desired outcome, such 
as product yield. [See SP 4.2; Essential knowledge 6.B.1]

Essential knowledge 6.B.1: Systems at equilibrium respond to 
disturbances by partially countering the effect of the disturbance 
(LeChatelier’s principle).

SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question.

Learning objective 6.10 The student is able to connect LeChatelier’s 
principle to the comparison of Q to K by explaining the effects of the 
stress on Q and K. [See SP 1.4, 7.2; Essential knowledge 6.B.2]

Essential knowledge 6.B.2: A disturbance to a system at equilibrium 
causes Q to differ from K, thereby taking the system out of the original 
equilibrium state. The system responds by bringing Q back into 
agreement with K, thereby establishing a new equilibrium state.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.



� 	  of	  �13 19

!

Learning objective 6.21 The student can predict the solubility of a salt, 
or rank the solubility of salts, given the relevant Ksp   values.  [See SP 
2.2, 2.3, 6.4; Essential knowledge 6.C.3]

Essential knowledge 6.C.3: The solubility of a substance can be 
understood in terms of chemical equilibrium.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.22 The student can interpret data regarding 
solubility of salts to determine, or rank, the relevant Ksp   values. [See 
SP 2.2, 2.3, 6.4; Essential knowledge 6.C.3]

Essential knowledge 6.C.3: The solubility of a substance can be 
understood in terms of chemical equilibrium.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.23 The student can interpret data regarding the 
relative solubility of salts in terms of factors (common ions, pH) that 
influence the solubility. [See SP 5.1; Essential knowledge 6.C.3]

Essential knowledge 6.C.3: The solubility of a substance can be 
understood in terms of chemical equilibrium.	  
** see p. 41 – effect of complex ion formation on solubility.

SP5.1 The student can analyze data to identify patterns or 
relationships.

UNIT TEN: Acids & Bases

90 min class periods 7 Book Pages Chapter 16.1-16.10; 17.2, 17.3

Learning Opportunities Inquiry: Acid Structure and Function:  Group activity in which students evaluate and link the structure of acids to the function of acids.  

Acid-Base Solutions PhET Activity LO 6.11, 6.12 http://PhET.colorado.edu/en/simulation/acid-base-solutions.

Labs 14.  AP Investigation 14: How Do the Structure and the Initial Concentration of an Acid and a Base Influence the pH of the Resul-
tant Solution During a Titration?  LO 6.13, SP 4.1, 4.2, 4.3, 5.1, 6.2, 6.4 
15.  AP Investigation 16: The Preparation and Testing of an Effective Buffer: How Do Components Influence a Buffer’s pH and 
Capacity? LO 6.18, SP 1.4, 2.2, 2.3, 4.2, 4.3, 4.4, 5.2, 5.3, 6.4, 7.1

Learning objective 1.20 The student can design, and/or interpret data 
from, an experiment that uses titration to determine the concentration of 
an analyte in a solution. [See SP 4.2, 5.1; Essential knowledge 1.E.2]

Essential knowledge 1.E.2: Conservation of atoms makes it possi-
ble to compute the masses of substances involved in physical and 
chemical processes.  Chemical processes result in the formation of 
new substances, and the amount of these depends on the number and 
the types and masses of elements in the reactants, as well as the 
efficiency of the transformation.

SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question. 
SP5.1 The student can analyze data to identify patterns or rela-
tionships.

Learning objective 2.2 The student is able to explain the relative 
strengths of acids and bases based on molecular structure, interparticle 
forces, and solution equilibrium. [See SP 7.2, connects to Big Idea 5, 
Big Idea 6; Essential knowledge components of 2.A-2.D]

SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.

Learning objective 3.7 The student is able to identify compounds as 
Brønsted-Lowry acids, bases,  and/or conjugate acid-base pairs, using 
proton-transfer reactions to justify the identification. [See SP 6.1; Essen-
tial knowledge 3.B.2]

Essential knowledge 3.B.2: In a neutralization reaction, protons are 
transferred from an acid to a base.

SP6.1 The student can justify claims with evidence.

Learning objective 6.11 The student can generate or use a particulate 
representation of an acid (strong or weak or polyprotic) and a strong 
base to explain the species that will have large versus small concentra-
tions at equilibrium. [See SP 1.1, 1.4, 2.3; Essential knowledge 6.C.1]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP1.1 The student can create representations and models of 
natural or man-made phenomena and systems in the domain. 
SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively. 
SP2.3 The student can estimate numerically quantities that de-
scribe natural phenomena.



Learning objective 6.12 The student can reason about the distinction 
between strong and weak acid solutions with similar values of pH, 
including the percent ionization of the acids, the concentrations needed 
to achieve the same pH, and the amount of base needed to reach the 
equivalence point in a titration. [See SP 1.4; Essential knowledge 6.C.1, 
connects to 1.E.2]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP1.4 The student can use representations and models to analyze 
situations or solve problems qualitatively and quantitatively.

Learning objective 6.13 The student can interpret titration data for 
monoprotic or polyprotic acids involving titration of a weak or strong 
acid by a strong base (or a weak or strong base by a strong acid) to 
determine the concentration of the titrant and the pKa  for a weak acid, 
or the pKb   for a weak base. [See SP 5.1; Essential knowledge 6.C.1, 
connects to I.E.2]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP5.1 The student can analyze data to identify patterns or rela-
tionships.

Learning objective 6.14 The student can, based on the dependence of 

Kw   on temperature, reason that neutrality requires [H
+

] = [OH
–
] as 

opposed to requiring pH = 7, including especially the applications to 
biological systems. [See SP 2.2, 6.2; Essential knowledge 6.C.1]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP6.2 The student can construct explanations of phenomena based 
on evidence produced through scientific practices.

Learning objective 6.15 The student can identify a given solution as 
containing a mixture of strong acids and/or bases and calculate or esti-
mate the pH (and concentrations of all chemical species) in the result-
ing solution. [See SP 2.2, 2.3, 6.4; Essential knowledge 6.C.1]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that de-
scribe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.16 The student can identify a given solution as 
being the solution of a monoprotic weak acid or base (including salts 
in which one ion is a weak acid or base), calculate the pH and concen-
tration of all species in the solution, and/or infer the relative strengths 
of the weak acids or bases from given equilibrium concentrations. [See 
SP 2.2, 6.4; Essential knowledge 6.C.1]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.17 The student can, given an arbitrary mixture of 
weak and strong acids and bases (including polyprotic systems), deter-
mine which species will  react strongly with one another  (i.e., with 
K >1) and what species will be present in large concentrations at equi-
librium. [See SP 6.4; Essential knowledge 6.C.1]

Essential knowledge 6.C.1: Chemical equilibrium reasoning can be 
used to describe the proton-transfer reactions of acid-base chemistry.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.18 The student can design a buffer solution with a 
target pH and buffer capacity by selecting an appropriate conjugate 
acid-base pair and estimating the concentrations needed to achieve the 
desired capacity. [See SP 2.3, 4.2, 6.4; Essential knowledge 6.C.2]

Essential knowledge 6.C.2: The pH is an important characteristic of 
aqueous solutions that can be controlled with buffers. Comparing pH to 
pKa   allows one to determine the protonation state of a molecule with 
a labile proton.

SP2.3 The student can estimate numerically quantities that de-
scribe natural phenomena. 
SP4.2 The student can design a plan for collecting data to answer a 
particular scientific question. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 6.19 The student can relate the predominant form 
of a chemical species involving a labile proton (i.e., protonated/depro-
tonated form of a weak acid) to the pH of a solution and the pKa  associ-
ated with the labile proton. [See SP 2.3, 5.1, 6.4; Essential knowledge 
6.C.2]

Essential knowledge 6.C.2: The pH is an important characteristic of 
aqueous solutions that can be controlled with buffers. Comparing pH to 
pKa   allows one to determine the protonation state of a molecule with 
a labile proton.

SP2.3 The student can estimate numerically quantities that de-
scribe natural phenomena. 
SP5.1 The student can analyze data to identify patterns or rela-
tionships. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.
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Learning objective 6.20 The student can identify a solution as being a 
buffer solution and explain the buffer mechanism in terms of the reac-
tions that would occur on addition of acid or base. [See SP 6.4; Essen-
tial knowledge 6.C.2]

Essential knowledge 6.C.2: The pH is an important characteristic of 
aqueous solutions that can be controlled with buffers. Comparing pH to 
pKa   allows one to determine the protonation state of a molecule with 
a labile proton.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

UNIT ELEVEN: Thermochemistry & Thermodynamics

90 min class periods 8 Book Pages Chapter 5.1-5.7, Chapter 19

Learning Opportunities Cooking	  with	  Chemistry	  LO	  5.6;	  Atoms	  and	  Conservation	  of	  Energy	  LO	  5.4,	  5.5	  http://workbench.concord.org/data-‐
base/activities/310.htm	  	  Rubber	  bands,	  Milk	  Jugs	  and	  Straws	  LO	  5.3,	  3.11,	  5.12

Labs 16.  **Guided Inquiry AP Investigation 12: The Hand Warmer Design Challenge: Where Does the Heat Come From?  LO 5.7, 
SP 1.4, 2.2, 2.3, 4.2, 5.1, 5.3, 6.4, 7.2

Learning objective 5.3 The student can generate explanations or make 
predictions about the transfer of thermal energy between systems based 
on this transfer being due to a kinetic energy transfer between systems 
arising from molecular collisions. [See SP 7.1; EK 5.A.2]

Essential knowledge 5.A.2: The process of kinetic energy 
transfer at the particulate scale is referred to in this course as 
heat transfer, and the spontaneous direction of the transfer is 
always from a hot to a cold body.

SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 5.4 The student is able to use conservation of energy 
to relate the magnitudes of the energy changes occurring in two or more 
interacting systems, including identification of the systems, the type (heat 
versus work), or the direction of energy flow. [See SP 1.4, 2.2, connects to 
Essential knowledge 5.B.1, 5.B.2]

Essential knowledge 5.B.1: Energy is transferred between systems 
either through heat transfer or through one system doing work on the 
other system. 
Essential knowledge 5.B.2: When two systems are in contact with 
each other and are otherwise isolated, the energy that comes out of 
one system is equal to the energy that goes into the other system. 
The combined energy of the two systems remains fixed. Energy 
transfer can occur through either heat exchange or work.

SP1.4 The student can use representations and models to 
analyze situations or solve problems qualitatively and quantitatively. 
SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 5.5 The student is able to use conservation of energy 
to relate the magnitudes of the energy changes when two non-reacting 
substances are mixed or brought into contact with one another. [See SP 
2.2, connects to Essential knowledge 5.B.1, 5.B.2]

Essential knowledge 5.B.1: Energy is transferred between systems 
either through heat transfer or through one system doing work on the 
other system. 
Essential knowledge 5.B.2: When two systems are in contact with 
each other and are otherwise isolated, the energy that comes out of one 
system is equal to the energy that goes into the other system. The 
combined energy of the two systems remains fixed. Energy transfer 
can occur through either heat exchange or work.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 5.6 The student is able to use calculations or 
estimations to relate energy changes associated with heating/cooling a 
substance to the heat capacity, relate energy changes associated with a 
phase transition to the enthalpy of fusion/vaporization, relate energy 
changes associated with a chemical reaction to the enthalpy of the 
reaction, and relate energy changes to PΔV work. [See SP 2.2, 2.3; 
Essential knowledge 5.B.3]

Essential knowledge 5.B.3: Chemical systems undergo three main 
processes that change their energy: heating/ cooling, phase 
transitions, and chemical reactions.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena.

Learning objective 5.7 The student is able to design and/or interpret the 
results of an experiment in which calorimetry is used to determine the 
change in enthalpy of a chemical process (heating/cooling, phase 
transition, or chemical reaction) at constant pressure. [See SP 4.2, 5.1; 
Essential knowledge 5.B.4]

Essential knowledge 5.B.4: Calorimetry is an experimental technique 
that is used to measure the change in energy of a chemical system.

SP4.2 The student can design a plan for collecting data to answer 
a particular scientific question. 
SP5.1 The student can analyze data to identify patterns or 
relationships.



Learning objective 5.8 The student is able to draw qualitative and 
quantitative connections between the reaction enthalpy and the energies 
involved in the breaking and formation of chemical bonds. [See SP 2.3, 
7.1, 7.2; Essential knowledge 5.C.2]

Essential knowledge 5.C.2: The net energy change during a 
reaction is the sum of the energy required to break the bonds in 
the reactant molecules and the energy released in forming the 
bonds of the product molecules. The net change in energy may 
be positive for endothermic reactions where energy is required, 
or negative for exothermic reactions where energy is released.

SP2.3 The student can estimate numerically quantities that 
describe natural phenomena. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales. 
SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.

Learning objective 2.15 The student is able to explain observations 
regarding the solubility of ionic solids and molecules in water and other 
solvents on the basis of particle views that include intermolecular 
interactions and entropic effects. [See SP 1.4, 6.2; Essential knowledge 
2.B.3, connects to 5.E.1]

Essential knowledge 2.B.3: Intermolecular forces play a key role in 
determining the properties of substances, including biological 
structures and interactions. 
Essential knowledge 5.E.1: Entropy is a measure of the dispersal of 
matter and energy.

SP1.4 The student can use representations and models to 
analyze situations or solve problems qualitatively and quantitatively. 
SP6.2 The student can construct explanations of phenomena 
based on evidence produced through scientific practices.

Learning objective 3.11 The student is able to interpret observations 
regarding macroscopic energy changes associated with a reaction or 
process to generate a relevant symbolic and/or graphical representation of 
the energy changes. [See SP 1.5, 4.4; Essential knowledge 3.C.2]

Essential knowledge 3.C.2: Net changes in energy for a chemical 
reaction can be endothermic or exothermic.

SP1.5 The student can re-express key elements of natural 
phenomena across multiple representations in the domain. 
SP4.4 The student can evaluate sources of data to answer a 
particular scientific question.

Learning objective 6.24 The student can analyze the enthalpic and 
entropic changes associated with the dissolution of a salt, using 
particulate level interactions and representations. [See SP 1.4, 7.1; 
Essential knowledge 6.C.3, connects to 5.E]

Essential knowledge 6.C.3: The solubility of a substance can be 
understood in terms of chemical equilibrium.

SP1.4 The student can use representations and models to 
analyze situations or solve problems qualitatively and quantitatively. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.

Learning objective 6.25 The student is able to express the equilibrium 
constant in terms of ΔG° and RT and use this relationship to estimate the 
magnitude of K and, consequently, the thermodynamic favorability of the 
process. [See SP 2.3; Essential knowledge 6.D.1]

Essential knowledge 6.D.1: When the difference in Gibbs free 
energy between reactants and products (ΔG°) is much larger than the 
thermal energy (RT), the equilibrium constant is either very small 
(for ΔG° > 0) or very large (for ΔG° < 0). When ΔG° is comparable 
to the thermal energy (RT), the equilibrium constant is near 1.

SP2.3 The student can estimate numerically quantities that 
describe natural phenomena.

Learning objective 5.12 The student is able to use representations and 
models to predict the sign and relative magnitude of the entropy change 
associated with chemical or physical processes. [See SP 1.4; EK 5.E.1]

Essential knowledge 5.E.1: Entropy is a measure of the dispersal of 
matter and energy.

SP1.4 The student can use representations and models to 
analyze situations or solve problems qualitatively and quantitatively.

Learning objective 5.13 The student is able to predict whether or not a 
physical or chemical process is thermodynamically favored by 
determination of (either quantitatively or qualitatively) the signs of both 
ΔH° and ΔS°, and calculation or estimation of ΔG° when needed. [See 
SP 2.2, 2.3, 6.4; Essential knowledge 5.E.2, connects to 5.E.3]

Essential knowledge 5.E.2: Some physical or chemical processes 
involve both a decrease in the internal energy of the components 
(ΔH ° < 0) under consideration and an increase in the entropy of 
those components (ΔS ° > 0). These processes are necessarily 
“thermodynamically favored” (ΔG ° < 0).

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 5.14 The student is able to determine whether a 
chemical or physical process is thermodynamically favorable by 
calculating the change in standard Gibbs free energy. [See SP 2.2; 
Essential knowledge 5.E.3, connects to 5.E.2]

Essential knowledge 5.E.3: If a chemical or physical process is not 
driven by both entropy and enthalpy changes, then the Gibbs free 
energy change can be used to determine whether the process is 
thermodynamically favored.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena.

Learning objective 5.15 The student is able to explain how the 
application of external energy sources or the coupling of favorable with 
unfavorable reactions can be used to cause processes that are not 
thermodynamically favorable to become favorable. [See SP 6.2; Essential 
knowledge 5.E.4]

Essential knowledge 5.E.4: External sources of energy can be used to 
drive change in cases where the Gibbs free energy change is positive.

SP6.2 The student can construct explanations of phenomena 
based on evidence produced through scientific practices.

Learning objective 5.17 The student can make quantitative 
predictions for systems involving coupled reactions that share a 
common intermediate, based on the equilibrium constant for the 
combined reaction. [See SP 6.4; Essential knowledge 5.E.4, connects to 
6.A.2]

Essential knowledge 5.E.4: External sources of energy can be used to 
drive change in cases where the Gibbs free energy change is positive.

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.
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Learning objective 5.18 The student can explain why a 
thermodynamically favored chemical reaction may not produce large 
amounts of product (based on consideration of both initial conditions and 
kinetic effects), or why a thermodynamically unfavored chemical reaction 
can produce large amounts of product for certain sets of initial 
conditions. [See SP 1.3, 7.2; Essential knowledge 5.E.5, connects to 6.D.
1]

Essential knowledge 5.E.5: A thermodynamically favored process 
may not occur due to kinetic constraints (kinetic vs. thermodynamic 
control). 
Essential knowledge 6.D.1: When the difference in Gibbs free 
energy between reactants and products (ΔG°) is much larger than the 
thermal energy (RT), the equilibrium constant is either very small 
(for ΔG° > 0) or very large (for ΔG° < 0). When ΔG° is comparable 
to the thermal energy (RT), the equilibrium constant is near 1.

SP1.3 The student can refine representations and models of 
natural or man-made phenomena and systems in the domain. 
SP7.2 The student can connect concepts in and across domain(s) 
to generalize or extrapolate in and/or across enduring understandings 
and/or big ideas.

Learning objective 5.16 The student can use LeChatelier’s principle to 
make qualitative predictions for systems in which coupled reactions that 
share a common intermediate drive formation of a product. [See SP 6.4; 
Essential knowledge 5.E.4, connects to 6.B.1]

SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

UNIT TWELVE: Electrochemistry

90 min class periods 6 Book Pages Chapter 20

Learning Opportunities Inquiry:  Electrochemical Cells – Virtual lab using internet video clips and animations.

Labs 17.	  	  ** Guided Inquiry Investigation Redox Titration of Bleach  LO 3.9, SP 2, 3, 4 
18.  **Guided Inquiry Electric Gel Cell LO 3.1 SP 2, 4, 5

Learning objective 1.20 The student can design, and/or interpret data 
from, an experiment that uses titration to determine the concentration of an 
analyte in a solution. [See SP 4.2, 5.1; Essential knowledge 1.E.2]

SP4.2 The student can design a plan for collecting data to answer 
a particular scientific question. 
SP5.1 The student can analyze data to identify patterns or rela-
tionships.

Learning objective 3.9 The student is able to design and/or interpret the 
results of an experiment involving a redox titration. [See SP 4.2, 5.1; 
Essential knowledge 3.B.3]

Essential knowledge 3.B.3: In oxidation-reduction (redox) reactions, 
there is a net transfer of electrons. The species that loses electrons is 
oxidized, and the species that gains electrons is reduced.

SP4.2 The student can design a plan for collecting data to answer 
a particular scientific question. 
SP5.1 The student can analyze data to identify patterns or rela-
tionships.

Learning objective 3.8 The student is able to identify redox reactions and 
justify the identification in terms of electron transfer. [See SP 6.1; Essen-
tial knowledge 3.B.3]

Essential knowledge 3.B.3: In oxidation-reduction (redox) reactions, 
there is a net transfer of electrons. The species that loses electrons is 
oxidized, and the species that gains electrons is reduced.

SP6.1 The student can justify claims with evidence.

Learning objective 3.12 The student can make qualitative or quantitative 
predictions about galvanic or electrolytic reactions based on half-cell 
reactions and potentials and/or Faraday’s laws. [See SP 2.2, 2.3, 6.4; 
Essential knowledge 3.C.3]

Essential knowledge 3.C.3: Electrochemistry shows the interconver-
sion between chemical and electrical energy in galvanic and elec-
trolytic cells.

SP2.2 The student can apply mathematical routines to quantities 
that describe natural phenomena. 
SP2.3 The student can estimate numerically quantities that 
describe natural phenomena. 
SP6.4 The student can make claims and predictions about natural 
phenomena based on scientific theories and models.

Learning objective 3.13 The student can analyze data regarding galvanic 
or electrolytic cells to identify properties of the underlying redox reac-
tions. [See SP 5.1; Essential knowledge 3.C.3]

Essential knowledge 3.C.3: Electrochemistry shows the interconver-
sion between chemical and electrical energy in galvanic and elec-
trolytic cells.

SP5.1 The student can analyze data to identify patterns or rela-
tionships.

Learning objective 3.1 Students can translate among macroscopic ob-
servations of change, chemical equations, and particle views. [See SP 1.5, 
7.1; Essential knowledge components of 3.A-3.C]

Essential knowledge 3.A.1: A chemical change may be represented 
by a molecular, ionic, or net ionic equation. 
Essential knowledge 3.B.2: In a neutralization reaction, protons are 
transferred from an acid to a base. 
Essential knowledge 3.B.3: In oxidation-reduction (redox) reactions, 
there is a net transfer of electrons. The species that loses electrons is 
oxidized, and the species that gains electrons is reduced.

SP1.5 The student can re-express key elements of natural phenom-
ena across multiple representations in the domain. 
SP7.1 The student can connect phenomena and models across 
spatial and temporal scales.
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Beginning	  
Question(s)

What	  questions(s)	  did	  I	  have?	  	  What	  question(s)	  did	  the	  class	  group	  decide	  to	  use?	  
2	  pts	  	  The	  student	  provided	  her	  own	  relevant	  beginning	  question(s)	  as	  well	  as	  the	  beginning	  question(s)	  selected	  by	  his/her	  group	  or	  the	  

class.	  
1pt	  	  	  	  	  The	  student	  provided	  either	  his/her	  own	  beginning	  question(s)	  or	  the	  class	  beginning	  question(s),	  but	  not	  both.	  
0	  pts	  	  The	  student	  provided	  no	  beginning	  question(s)	  or	  a	  beginning	  question	  that	  was	  not	  relevant.

Variables 1	  pt	  	  	  	  What	  variable	  am	  I	  going	  to	  selectively	  manipulate	  (independent	  variable)?	  	  
1	  pt	  	  	  	  What	  variable	  am	  I	  going	  to	  measure	  (dependent	  variable)?	  
1	  pt	  	  	  	  What	  variable(s)	  need	  to	  be	  held	  constant	  in	  case	  they	  too	  cause	  changes	  in	  the	  dependent	  variable	  (control	  variables)?

Safety	  
Considerations

What	  general	  point(s)	  can	  I	  make	  about	  staying	  safe	  in	  this	  experiment?	  	  Look	  up	  one	  MSDS	  sheet	  –	  what	  are	  the	  speciJic	  safety	  
concerns	  for	  the	  chemical?	  	  	  
2pts	  	  	  The	  student	  provided	  both	  a	  relevant	  general	  safety	  statement	  as	  well	  as	  a	  more	  speci^ic	  concern	  about	  a	  particular	  substance	  or	  

procedure.	  
1	  pt	  	  	  	  The	  student	  provided	  either	  general	  safety	  concerns	  or	  a	  speciXic	  concern,	  but	  not	  both.	  
0	  pts	  	  The	  student	  provided	  no	  discussion	  about	  safety	  concerns	  or	  made	  a	  statement	  that	  was	  not	  relevant.

Procedures What	  is	  the	  procedure	  needed	  in	  order	  to	  perform	  this	  experiment?	  	  (In	  outline	  form,	  speciJic	  enough	  for	  someone	  else	  to	  follow.)	  
2	  pts	  	  The	  procedure	  is	  complete,	  logical,	  and	  the	  instructor	  can	  read	  and	  follow	  it.	  
1	  pt	  	  	  	  Steps	  of	  the	  procedure	  are	  missing	  but	  the	  instructor	  can	  still	  make	  as	  sense	  of	  it.	  
0	  pts	  	  The	  procedure	  is	  missing	  or	  does	  not	  make	  sense	  as	  written.

Data,	  
Observations,	  
Calculations,	  and	  
Graphs

What	  qualitative	  observations	  did	  I	  make?	  	  What	  quantitative	  data	  have	  I	  collected,	  and	  what	  calculations	  did	  I	  do	  to	  make	  sense	  of	  
my	  data?	  	  Did	  I	  get	  my	  data	  stamped	  to	  ensure	  that	  I	  collected	  data	  directly	  in	  my	  lab	  notebook?	  	  What	  balanced	  equations	  have	  I	  writ-‐
ten?	  	  Have	  I	  prepared	  a	  properly	  labeled	  and	  titled	  graph?	  !
TYPICAL	  POINT	  VALUES	  (up	  to	  15	  points):	  
2	  pts	  	  	  Qualitative	  Data	  
3	  pts	  	  	  Quantitative	  data	  
1	  pt	  	  	  	  	  Units	  
1	  pt	  	  	  	  	  SigniXicant	  Figures	  
2	  	  pt	  	  	  	  	  Each	  Calculations	  	  (no	  work,	  no	  credit)	   	  
2	  pt	  	  	  	  	  	  Balanced	  equations	  (must	  include	  if	  lab	  involved	  chemical	  reactions)	  
1	  pt	  	  	  	  	  	  Graph	  title	  (descriptive	  title,	  not	  just	  “y	  vs.	  x”)	  
2	  pt	  	  	  	  	  	  Graphs	  (spread	  out	  data!)	  	  full	  page	  
2	  	  pt	  	  	  	  	  Graph	  labels	  with	  units
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Claim(s) What	  can	  I	  claim	  to	  answer	  my	  beginning	  question(s)	  or	  the	  class	  beginning	  question(s)?	  (one-‐two	  statements)	  !
4	  pts	  	  The	  student	  provided	  his/her	  own	  relevant	  claim	  to	  answer	  either	  his/her	  own	  or	  the	  class	  beginning	  question(s).	  
2	  pts	  	  The	  student	  does	  not	  provide	  a	  relevant	  claim	  to	  answer	  either	  his/her	  own	  or	  the	  classes’	  beginning	  question(s).	  
0	  pts	  	  The	  student	  provides	  no	  claim	  at	  all.

Evidence	  &	  
Reasoning	  !
NOTE:	  	  This	  section	  
involves	  
interpretation	  and	  
evaluation	  of	  data,	  
NOT	  summary	  and	  
reiteration!

What	  is	  my	  interpretation	  of	  my	  data	  (graphs,	  class	  data,	  trends,	  or	  other	  analysis)	  to	  support	  my	  claim(s)?	  Why	  did	  we	  see	  the	  
observations	  that	  we	  did	  in	  the	  lab?	  	  What	  did	  those	  observations	  mean?	  	  How	  is	  my	  accuracy	  (compare	  to	  known!)	  and	  precision?	  	  	  
Have	  I	  connected	  the	  proper	  evidence	  with	  the	  proper	  claim?	  !
6	  pts	  	  The	  student	  does	  an	  excellent	  job	  of	  providing	  her	  own	  relevant	  interpretation	  of	  the	  data	  (graphs,	  class	  data,	  trends	  or	  other	  analysis)	  

to	  support	  the	  claim(s)	  and	  connected	  the	  proper	  evidence	  with	  the	  proper	  claim.	  
4	  pts	  	  The	  student	  does	  an	  average	  job	  of	  providing	  his/her	  own	  relevant	  interpretation	  of	  the	  data	  (graphs,	  class	  data,	  trends	  or	  other	  

analysis)	  to	  support	  the	  claim(s)	  and	  connected	  the	  proper	  evidence	  with	  the	  proper	  claim	  OR	  does	  not	  compare	  experimental	  values	  
to	  accepted	  values	  

2	  pts	  	  The	  student	  does	  a	  poor	  job	  of	  providing	  his/her	  own	  relevant	  interpretation	  of	  the	  data	  (graphs,	  class	  data,	  trends	  or	  other	  analysis)	  
to	  support	  the	  claim(s)	  and	  connected	  the	  proper	  evidence	  with	  the	  proper	  claim	  

0	  pts	  	  The	  student	  provides	  no	  interpretation	  of	  the	  data

Errors	  &	  
Improvements

Use	  complete	  sentences	  to	  address	  the	  following:	  !
2	  pts	  What	  are	  at	  least	  two	  sources	  of	  error,	  weakness,	  or	  limitations	  in	  the	  lab	  design?	  	  This	  refers	  to	  those	  aspects	  that	  would	  require	  
a	  redesign	  of	  the	  lab,	  rather	  than	  simply	  redoing	  the	  lab.	  	  Unclean	  glassware	  and	  wrong	  calculations	  DO	  NOT	  count!	  	  Must	  include	  at	  least	  
two.	  !
2	  pts	  How	  might	  I	  improve	  the	  lab	  design	  to	  account	  for	  the	  issues	  addressed	  above?	  	  	  	  Consider	  better	  procedures	  and/or	  equipment	  
that	  would	  enhance	  the	  accuracy	  and	  precision.

Re^lection Address	  the	  following	  questions/concerns	  in	  complete	  sentences:	  !
3	  pts	  	  	  What	  new	  EXPERIMENTAL	  question(s)	  do	  I	  have,	  and	  what	  new	  things	  do	  I	  have	  to	  think	  about?	  	  Propose	  a	  question	  for	  the	  next	  
stage	  of	  experimentation.	  	  This	  question	  must	  have	  speci^ic,	  but	  new	  independent	  and	  dependent	  variables.	  !
2	  pts	  	  	  	  How	  does	  this	  work	  tie	  into	  concepts	  about	  which	  I	  have	  learned	  in	  class?	  !
3	  pts	  	  	  	  Describe	  a	  real	  life	  application	  /	  connection	  of	  this	  laboratory	  work.


