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Essential Question(s): 

What are the advantages and disadvantages of using fossil fuels for energy? 
How do compounds form? 
What is the goal of bonding? 
How do chemicals react? 
Is energy conserved in a chemical reaction? 
 

Big Idea(s): 

Bonding occurs to increase stability and reduce potential energy. 

Fossil fuels are finite. 

Fossil fuels provide large amounts of energy for a relatively low investment 

 

Phenomena: 

Chemical Reactions- https://www.ngssphenomena.com/exampleconnections/ 

Sodium in water- https://www.youtube.com/watch?v=nk27GrpDT2c 

https://www.ngssphenomena.com/exampleconnections/
https://www.youtube.com/watch?v=nk27GrpDT2c
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Next Generation Science Standards (NGSS) (includes West Haven’s “Priority” NGSS in BOLD and “Supporting” 

Standards)- Prioritize Performance Expectations 

 

Priority Standard 

HS-PS1-2:  Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost 

electron states of atoms, trends in the periodic table, and knowledge of the patterns of chemical properties. 

 

HS-PS1-4: Develop a model to illustrate that the release or absorption of energy from a chemical reaction system 

depends upon the changes in total bond energy. 

 

HS-ESS2-2: Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that 

cause changes to other Earth systems.  

 

Supporting Standards- 

HS-PS1-7- Use mathematical representations to support the claim that atoms, and therefore mass, are conserved 

during a chemical reaction. 

 

HS-ESS3-5:  Analyze geoscience data and the results from global climate models to make an evidence-based forecast 

of the current rate of global or regional climate change and associated future impacts to Earth's systems.  
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Disciplinary Core Ideas (DCIs) 
PS1.A: Structure and Properties of Matter 

● The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places those 

with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron 

states. (HS-PS1-2) 

● A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy in 

order to take the molecule apart. (HS-PS1-4) 

 

PS1.B: Chemical Reactions 

● The fact that atoms are conserved, together with knowledge of the chemical properties of the elements involved, 

can be used to describe and predict chemical reactions. (HS-PS1-2),(HS-PS1-7) 

● Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of the 

collisions of molecules and the rearrangements of atoms into new molecules, with consequent changes in the sum 

of all bond energies in the set of molecules that are matched by changes in kinetic energy. (HS-PS1-4) 

 

ESS2.A: Earth Materials and Systems 

● Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original 

changes. (HS-ESS2-2) 

 

ESS2.D:Weather and Climate 

● The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its 

reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this 

energy’s re-radiation into space. (HS-ESS2-2) 

 



Unit 3: Chemical Reactions 

 

 

ESS3.D: Global Climate Change 

● Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities to 

model, predict, and manage current and future impacts. (HS-ESS3-5) 

 

“Unwrapped” Concepts and Skills, and Bloom Levels (BL) 

Concepts(Need to 
Know) 

Skills(Able to 
Do) 

BLOOMS SEP 
LIST NOT 
NUMBER  

CCC 
LIST NOT 
NUMBER 

LA 
Common 

Core 

Math  
Commo
n Core  

Conservation of 
matter in reactions 
 
Pattern of valence 
electrons from PT 
 
Ionic Bonding:  
Formation of 
ions/Polyatomic Ions 
Crossing charges 
Formula Writing 
Naming compounds 
Identification of Ionic 
Bonds and ions that 
form them 
Identifying and 
predicting products 
 
Covalent Bonding: 

Write ionic and 
covalent 
compounds 
 
Write out reaction 
equations with 
states of matter 
and answer 
stoichiometry 
analysis 
 
Analysis of 
climate feedback 
that changes 
other earth 
systems. 
 
Forecast the 
climate model 

Analyze 
 
Classify 
 
Cause & 
effect 
 
Predict 
 
Evaluate 
 
Recognize 
 
Infer 
 
Write 
 
Prioritize 
 

Constructing and 
explanations and 
designing 
solutions 
 
Developing and 
Using Models 
 
Using 
Mathematics and 
Computational 
thinking 
 
Analyzing and 
Interpreting Data 
 
Developing and 
using models 

Energy and Matter 
 
Patterns 
 
Stability and Change 
 
 

WHST.9-
12.2 
WHST.9-
12.5 
SL.11-12.5 
RST.11-
12.1 
RST.11-
12.2 
RST.11-
12.7 
 

HSN-
Q.A.1 
HSN-
Q.A.3 
MP.4 
HSN-
Q.A.2 
MP.2 
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Naming compounds 
Formula writing 
Identification of single, 
double and/or triple 
bonds 
Binary compounds & 
Acids & Hydrocarbons 
 
Electronegativity 
differences predict 
type of bonding 
 
Equation Writing: 
Writing chemical 
equations from word 
equations 
States of matter 
diatomic molecules 
 
Types of reactions: 
Single replacement 
Double replacement 
Decomposition 
Synthesis 
Combustion 
 
Activity series of 
reactions 
 
Conversion of 
potential energy into 
kinetic energy through 

based off current 
and past climate 
data. 

Explain 
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breaking and 
formation of bonds 
during reactions 
 
Reading and 
Understanding Bond 
Energy diagrams 
 
Energy transfer 
between system and 
surrounding is 
unchanged 
 
Stoichiometry: 
Molar mass 
Reaction calculations 
between moles and 
mass 
limiting reactants 
theoretical yield 
 
Using Percent Comp: 
empirical formulas 
molecular formulas 
 
Analysis of 
geoscience data: 
relationships between 
changes in one 
system to another 
Feedback to the 
climate 
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Human and 
technologies effects 
on Earth systems 
 
Interpreting feedback 
between two systems 
as positive or 
negative, increasing 
(destabilizing) or 
decreasing 
(stabilizing) 
(including unintended 
effects) 
 
Predict climate 
change based on 
current or past climate 
data (temperature, 
precipitation, sea 
level, ocean pH 

 

Instructional Planning (REFER TO PERFORMANCE EXEPCTATIONS AND use clarification statements with 

examples) 

HS-PS1-2: **Clarification Statement** Examples of chemical reactions could include the reaction of sodium and 

chlorine, of carbon and oxygen, or of carbon and hydrogen. [Assessment Boundary: Assessment is limited to chemical 

reactions involving main group elements and combustion reactions.] 
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HS-PS1-4: **Clarification Statement** Emphasis is on the idea that a chemical reaction is a system that affects 

the energy change. Examples of models could include molecular-level drawings and diagrams of reactions, graphs 

showing the relative energies of reactants and products, and representations showing energy is conserved. [Assessment 

Boundary: Assessment does not include calculating the total bond energy changes during a chemical reaction from the 

bond energies of reactants and products.] 

 

HS-PS1-7: **Clarification Statement** Emphasis is on using mathematical ideas to communicate the proportional 

relationships between masses of atoms in the reactants and the products, and the translation of these relationships to the 

macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale. Emphasis is on assessing 

students’ use of mathematical thinking and not on memorization and rote application of problem-solving techniques. 

[Assessment Boundary: Assessment does not include complex chemical reactions.] 

 

HS-ESS2-2: **Clarification Statement** Examples should include climate feedbacks, such as how an increase in 

greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight 

reflected from Earth's surface, increasing surface temperatures and further reducing the amount of ice. Examples could 

also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water 

runoff and soil erosion; how dammed rivers increase groundwater recharge, decrease sediment transport, and increase 

coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent. 

 

HS-ESS3-5:  **Clarification Statement**   Examples of evidence, for both data and climate model outputs, are for 

climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, glacial ice 

volumes, or atmosphere and ocean composition). [Assessment Boundary: Assessment is limited to one example of a 

climate change and its associated impacts.] 
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Suggested Resources/Materials: 

Teacher’s Guide and Student Textbook 
Khan Academy- Endothermic Vs. Exothermic 
Phet simulations: 
 Green House Effect 
 Reactants, Products and Leftovers 
 Balancing Equations-Phet 
KHO3 Stoichiometry Lab & Lab Quest 

Can You Make 2.00 grams of a Product? Stoichiometry Lab 

Additional Resources: 

POGIL Stoichiometry Activity 
POGIL CHemical Reaction Types 

NASA Climate Change Site 

Climate Change Web Quest 

Feedback Loop WebQuest 

 

https://www.khanacademy.org/test-prep/mcat/chemical-processes/thermochemistry/a/endothermic-vs-exothermic-reactions
https://phet.colorado.edu/en/contributions/view/3955
https://www.rjuhsd.us/cms/lib/CA01001478/Centricity/Domain/1394/POGIL%20Stoichiometry.pdf
https://climate.nasa.gov/nasa_science/science/
https://www.davis.k12.ut.us/cms/lib09/UT01001306/Centricity/Domain/8080/Global%20Climate%20Change%20Web%20Quest.pdf
https://useruploads.definedstem.com/useruploads/7e0898a0-1df5-4d3f-b000-eae57a4c4d84/earths-feedback-loops-webquest.pdf
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Suggested Research-based Effective Instructional Strategies: 

1. Whole group instruction 

2. Small group instruction 

3. Expanding prior knowledge through literature and observation 

4. Science Journals 

5. Compare and contrast 

6. Student driven instruction 

7. Questioning-open ended 

8. Think, Pair Share 

 

Assessments 

“Dipsticks” (Informal Progress Monitoring Checks): 

● Naming Quiz/dipstick 

● Naming Compounds Quest 

● Electron Configuration Quiz (honors) 

● Formula Writing  

● Bonding Quiz 

● Mole Conversion Quiz 

● Chemical Reactions Quiz 

● Stoichiometry Quiz 

● Percent Composition, Empirical & Molecular Formulas Quiz 
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Common Formative Post- Assessment (Followed by Data Team Analysis): 

● Stoichiometry Performance Task 

● Can You Make 2.00 grams of a Product? Stoichiometry Task 

 

CROSS-CUTTING CONCEPTS - 

1. Patterns. Observed patterns of forms and events guide organization and classification, and they prompt 

questions about relationships and the factors that influence them.  

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, sometimes multifaceted. A 

major activity of science is investigating and explaining causal relationships and the mechanisms by which they are 

mediated. Such mechanisms can then be tested across given contexts and used to predict and explain events in 

new contexts.  

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant at different 

measures of size, time, and energy and to recognize how changes in scale, proportion, or quantity affect a 

system’s structure or performance.  

4. Systems and system models. Defining the system under study—specifying its boundaries and making explicit a 

model of that system—provides tools for understanding and testing ideas that are applicable throughout science 

and engineering. 

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter into, out of, and 

within systems helps one understand the systems’ possibilities and limitations.  

6. Structure and function. The way in which an object or living thing is shaped and its substructure determine many of 

its properties and functions.  
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7. Stability and change. For natural and built systems alike, conditions of stability and determinants of rates 

of change or evolution of a system are critical elements of study. 

 

 

 

Science and Engineering Practices (Practices in BOLD should be focused on in this unit) 

1. Asking questions (for science) and defining problems (for engineering) 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations(for science) and designing solutions(for engineering) 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information 
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Vocabulary/Word Wall Enrichment/Extension Interdisciplinary Connections 

Math/LA 

Ionic Bond 

Covalent Bond 

Valence Electrons 

single replacement 

double replacement 

combustion 

synthesis 

decomposition 

fossil fuel 

formula unit 

compound/molecule 

conservation of matter 

chemical reaction 

stoichiometry 

limiting reactant 

Calculating bond energies 

Net ionic equations 

electron configurations 

PHET simulations 

 

Analyzing data regarding earth’s climate 

and the effect on other systems 

 

Balancing equations 

 

Potential energy differences in bond 

energies 
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theoretical yield 

percent yield 

electronegativity 

molar mass 

dimensional analysis 

endothermic 

exothermic 

bond energy 

reactant 

product 

state of matter 

avogadro’s number 

moles 

potential energy 

kinetic energy 

bond diagram 

temperature 
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precipitation  

sea level 

ocean pH 

hydrocarbons 

activity series 

 

 


